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ABSTRACT

Whereas some studies have evaluated large-scale irriga­
tion schemes in Kenya, little economic research has been done

The decision by the Kenyaon the Minor Irrigation projects*
Government to increase emphasis on development of Minor Irri­
gation Schemes necessitates studies on these particularly from
the financial and economic standpoint.

Tube-wells are part of the minor irrigation development
programme in Coast Province which is characterized by a general

This shortage of surfaceshortage of big rivers and streams.
water in the Province in particular and generally in the repub-

Govern-lic had been realised even during the colonial days.
ment efforts have been carried out mainly by construction of

which progressed steadily so that by the early
1970s over SO tube-wells were being bored annually by the Kenya
Government.

The substantial costs involved in this tube-well develop­
ment were justified by the fact that the projects were under­
taken by the Government or the Municipality for community wa­
ter development. Ab such boring of tube-wells was restricted
to the community centres only. Unfcrtunately most of these
tube-wells especially those in Coast Province were abandoned
when no personnel was available tn maintain them.

A survey of the area between Gazi and Mtwapa in Coast •

and water quality rated this as “a good area of
groundwater resources". It was recommended in this report

Province in 1969 to study the distribution of tube-wells, 
their yields,

tube-wells,
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that same selected tube-wells which were yielding considera­
ble quantities of good quality water should be rehabilitated
and fitted with powered pumps for the purpose of irrigation

ibis recommendation was not imp­end domestic water supply,,
lamented because information was lacking concerning their
financial viability as irrigation projects.

This thesis is therefore concerned with evaluation and
appraisal of tube-well irrigation projects in Mombasa District

Mombasa District was sel-to establish their financial worth
acted for the study on account of the concentration of tube­

collection of primaryThe focus of the thesis involved
data from a sample of Id farms using each diesel and electric

HighIrrigated farming is capital and labour incensivee
initial investment capital is required to start-off a tube-

Because of the high costs involvedwell irrigation project.
in supplying irrigation water, only crops with high gross mar-

The study revealedgins per hectare can be grown profitably.
that tube-well irrigated farming based on high-value horticul­
tural crops can be a highly profitable venture if properly de­
signed and planned Knowledge of the important factors affec­
ting returns is invaluable. A high degree of managerial ability.
innovativeness and first-hand market intelligence and knowledge
□f irrigation techniques is indispensable for successful irri-

Inspite of the high investment and running costs involved
in tube-wells irrigation projects, they are financially viable

gationo

pumpSo

wells.
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and yield high rates of return to investment and internal
rates of return
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CHAPTER I

INTRODUCTION
Place of Irrigation in Agricultural Development1.1.

The importance of irrigation in the world today cannot
The need for survival and the need forbe overemphasized.

additional food supplies are necessitating a rapid expansion
Although Irrigated agri-of irrigation throughout the world.

culture has developed most extensively in arid regions where
natural precipitation is inadeguate for the production of many
crops0 it is becoming increasingly Important in humid regions

Irrigation has been defined by Israelson and Hansenas well.

for plant growth, providing crop insurance against short-dura-
Cooling the soil and atmosphere, thereby brlo­tion drought,

ging about a favourable environment for plant growth, and
washing-out or diluting the salts in the soil and softening

This definition does not restrict irrigationthe tillage pan.
practices to the arid and aemi-arid regions. In fact some of
the most profitably irrigated agricultures in the world are
located in areas normally thought to have sufficient rainfall
(Cantor, 1967). These are areas such as Central Brazil, Cent­
ral America, the West Indies, and the western part of Africa
and parts of South Africa which have ample annual rainfall,
but during six months of the year have practically no rainfall.
Other areas have short periods of drought which necessitate
irrigation, if a profitable and diversified agriculture is to

Irrigation in such places is only supplementalbe practised.

(1962) aa the application of water to the soil for the purpose 
of adding water to the aoil to supply the moisture essential
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Therefore irrigation is no longer

mlng a basic necessity of a well-developed agriculture.
In many countries the development of agriculture la

In others, irrigation is a prere-dependent on irrigation.
quisite to higher productivity of limited land resources, to
production of high-value cash crops, and to the diversifica-

All said, irriga­tion and intensification of agriculture.
tion development can have a considerable impact on the over­
all economic development in terms of Increased employment,

ket for industrial products. Maximum agricultural production
cannot be achieved without adopting modern techniques and ser­
vices such as irrigation. Even on land which has been farmed
for centuries the introduction or improvement of irrigation
practices can provide the exciting promise of higher yields
and better living conditions for farm families.

Irrigation has converted deserts into productive agricul­
tural lands thus attracting large habitations and new centres
of life and civilization. For example, irrigation from the

Three quarters of the cultivated
area in Japan la Irrigated and grows mainly rice. Other coun-

In
tries which have a hitjh proportion (about two thirds) of irri­
gated farming area are Afghanistan, Guyana, and Taiwan.

Nile is a source of food, life and prosperity in Egypt, whose 
entire cultivated area is dependent for its water supply on 
irrigation (Arnon, 1972).

increased rural incomes, and hence increased living standards 
which in turn stimulate the development of the internal mar-

to natural precipitation. 
/ a regional practice of arid and aemi-arid zones but is beco-
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backbone of the people's economy but also as intimately rela-
In this regard irrigationted to the very life of .the people.

Lack of it would mean devasta­la very much a human problem.
Rice, whichtion and misery for large parts of the population.

is the staple food for more than half of the world's population,
except in small zones of very heavy rainfall, entirely

Similarly good quality cotton cannot beas an irrigated crop.
Fruit and vege—successfully grown without adequate irrigation.

When theretable production is eminently enhanced by irrigation.
is insufficient food for people in a country and, for various rea­
sons a it is difficult to import it, the magnitude of costs of an
irrigation project.may be regarded by the authorities as relati­
vely unimportant*.

Irrigation development not only helps in increasing food
production but also opens up new land frontiers to alleviate
the papulation pressure in densely-populated areas, which is one
of the development problems in many developing countries. The
need to create more reliable water supplies to be able to uti-
lize a large proportion of seasonal riverflows and reduce floods
has given impetus to the construction of storage dams. Another
factor contributing to this need has been that in many parts

these areas where agriculture is almost entirely dependent on 
irrigation, canals, dams, and wells are viewed not only as the

* However, such views may not be sound from an overall economic 
standpoint. Food usually can be imported, so that relative 
long-term costs of domestic and imported supply sources should 
be considered.

is grown.
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of the world, the opportunities for developing additional
water supplies through simple diversion have been exhausted

However the cost of these projects, their(Norse, 1976).
long gestation periods, and the relatively high foreign ex­
change component in their construction have caused some eco­
nomic problems in using them for water-supply development in

Their optimal use requires a highmany developing countries.
level of farm management not only for the water supplies

Thebut also in their utilization at farm level.
same need for optimal utilization equally applies to all water

An optimal water development plandevelopment for Irrigation.
should be oriented not only towards developing new-water supp­
lies, but also to increasing the efficiency of use for the
presently-available water.

Strategies for the use of latent water resources will de­
pend to a large extent on the costs of development and the

While surface water resources havepotential productivity.
provided the base for the bulk of irrigation in most of the
world's irrigated regions, groundwater has played and will
continue to play an important part in irrigation development
especially in areas like India, Pakistan, and parts of the
Near East and Africa. Recent trends have shown a growing
awareness of the utility of groundwater and technological de­
velopments In drilling and pumping have brought opportunities

Most of the world's smallerfor their wider exploration*.

created,

* These have been partially offset in recent years by increa­sing pumping costs reflecting the sharp advance in prices for petroleum and related energy sources.
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and/or easier irrigation schemes baaed on river capture,
especially in the developing countries, have been avoided

Research in Indiabecause of the large capital requirements.
has revealed that exploitation of grounduater is generally

However locationless expensive than that of surface water.
of some groundwater resources are not known with any narked

Development coats have been estimated by analy-precision.
sing a wide range of agricultural development projects asses­
sed and/or financed by international banka. From thia it haa
been possible to determine the likely range of development
costs for different types and sizes of irrigation projects.
A general examination of these costa suggests that-no econo-

The irrigation develop-mies of scale are likely to occur.
ment costs per hectare have been found to increase linearly
with the size of the project. .

1.2. History of Irrigation
According to the indicative world plan (FAO, 1970),

approximately 13 percent of the cultivable land used for
annual and permanent crops in the world was under irrigation
in 1963. Thia was approximately 180 million hectares. By

have exceeded 300 million hectares. The developing countriea
alone command (1975) over 162 million hectares of irrigated
land although almost half of it requires rehabilitation or
improvement, and much of the available water—flow is under—

' utilized. In the Indus Basin in Ueat Pakistan and parts of

1975 this area was estimated to be about 200 million hectares, 
and before the turn of the century the total hectarage will
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world outside mainland China.
irrigation are Asia and the Far East, North America, U.S.S.R.,

Irrigation isNorth West Africa, Europe, and South America.
particularly important in the Near East where the agricultu­
ral systems are based on the Nile and the Tigris-Euphrates,
and where agriculture would be impossible without irrigation.

The water resources of a country are its rivers, lakes,
and springs refilled by rainfall and under-the-surface sources
which usually developed millions of years ago and essentiallyi

are available for "mining"• Accordingly, different types of
irrigation works have been developed over the past ages, ex­

Percolation wells (Artesian wells andamples of which are:
tube-wells), tqpks (earthern storage areas), large storage
reservoirs, pumping or lifting from rivers and lakes, weir-
controlled diversion canals, trans-basin diversions, multi­
purpose projects, and different combinations of all of them
(FAO/UNESCO, 1973).

Percolation wells as a source of irrigation waters go
back to prehistoric times and are still popular in many parts
of the world. In India alone about 5 million wells are in
use for irrigation. A large number of tube-wells have been
installed in many areas of the world in the last 30-40 years.
Tanks and storage reservoirs have been an important source of
irrigation supplies for ages past - mainly in Ceylon,Continen­
tal China, and Central and Southern India. Lifting water from 
rivers is also an early means of irrigation for areas along

India are to be found the largest irrigation schemes in the 
/Among the leading regions in
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Where Irrigable areas are low, lift nay bethe river banka.
During the high-necessary only in the season of low flows.

flow period, in such cases, river water can flow to irrigated
The source of power for lifting in generalareas by gravity.

Thermal powermay be manual, animal, thermal, or electric.
includes natural gas and petroleum.

In hilly areas, where river channels are relatively steep,
it la common practice to divert streams of water into small
channels taken along the hillside for purposes of irrigation.
During the last 150 years, a large number of weir-controlled

Thesecanals have been built in different parts of the world.
canals are based on the run of the river, with no storage.
These may be l-seasonal, supplying water for one crop season
only, 2-seasonaJ., or perennial.

With the advance in the knowledge of hydraulics and the
development in engineering techniques during the last hundred
years, many large-size storage reservoirs have been built by

(30 to 100 metersdamming the flow of rivers by masonry dams
high), concrete dams (up to 284 meters high), and earthen dams
(up to 240 meters high). In conjunction with canals, these re­
servoirs provide irrigation to large areas (FAO/UNESCO, 1973).

1.3. Problems of Irrigation Development

the most advanced technologies), doubts are frequently expressed

In view of the breakdown, in the past, of many civiliza­
tions that were based on irrigated agriculture and the numerous 
cases of rapid poll deterioration in modern times (both in 
countries with underdeveloped agriculture and in those with
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Irrigation development haa experienced both socialmanently.
and technical problems.

The success of irrigated agriculture depends upon the
compatibility of water, land, and people (Thorne and Peterson,
1949). The world today has many abandoned irrigation projects.
caused primarily by inadequate considerations of the combined

Many irrigation schemes particularlyuses of these resources.
in Africa have met with many settlement and administrative prcb-

Only a few irrigation settlement schemes in Africa canlems.
be termed as successful, most others having failed outright, or

problem of selection of the right settlers. Selection of te­
nants who are not committed to the hard work involved in irriga­
tion may lead to instability in the early stages of settlement. /
Another major problem which faces, irrigation settlement schemes
is the strict requirement of high-value crops in the scheme.
which in many cases conflicts with the subsistence requirements
of the tenants. Water sharing among settlers in a big irriga­
tion scheme, or at times between countries,can be a major admi­
nistrative problem.

Experience and research have shown unequivocally that the
basic causes of the failure of crop production under irrigation
are the combined and related effects of excessive aalt-accumu-

Nevertheleas scientists
agree that these problems are not insurmountable. The

lation in the root-zone and the development of a high water­
table (Thorne and Peterson, 1949).

having operated over a long time without recovering their costs 
(de Wilde, 1967). Moat schemes in the early stages face the

as to the possibility of maintaining Irrigated agriculture per-



- 9 -

fact that goad crop yields have been maintained under irriga­
tion for a period of more than 4DDO years in both Egypt and
China supports the thesis that irrigation can be a permanent
feature and one of the most important and productive systems
of agriculture. History and research have shown that for

there is
need foi’ a strong central government to construct and maintain
extensive irrigation schemes, proper design of the system, par­
ticularly provision for adequate drainage to match the increased
availability of surface water, and careful control of irriga­
tion practices so that the persistent problems of erosion, water­

salt accumulation, soil permeability and aeration, and
soil depletion can be controlled.

•>
r

logging,

irrigation development to be successfully maintained,
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CHAPTER II

IRRIGATION IN THE KENYAN ECONOMY

2.1. Economic Setting
Agriculture is the mainstay of Kenya's economy, contribu­

ting about 30 percent of the country's Gross Domestic Product
Nearly 90 percent ofand 60 percent of the exports by value.

the total population lives in rural areas, some of which are
densely populated.

Agricultural areas in Kenya are customarily divided into
Thia classificationand low-potential zones.

might be better replaced by the terms describing rainfall expec—

receives less thao 250 millimetres of rainfall annually and is

Thefall, which makes it a semi-arid or medium-potential zone.

1964).
In an economic sense the greatest prospects for expansion

of farming activity is in *the medium and low-potential zones,
which are so far not fully settled.

Only
12 percent of all the land in Kenya is capable of crop produc­
tion, but out of this total potential arable land, over 40 per­
cent ia found in the mediu»*potential zone. Therefore the scope

rest of the country receives over 750 Millimetres of rainfall 
and therefore can be classified as a high-potential zone (Griddle,

medium,

tations such as wet, dry, and arid. Out of the country's 563,200 
Kilometre^of dry land, nearly 25 percent (140,800 Kilometres^)

high,

therefore termed arid or low-potential and 56 percent (315,390 
2Kilometres ) receives between 250 and 500 Millimetres of rain-

Less than 20 percent of the 
potential arable land in both these zones is cultivated.
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and importance of these areas aa an expanaion zone for crop
cultivation ia evident.

UJlth the present population grouth rate of 3.3 percent
per annum, the high-potential agricultural land has become

and population pressure in some parts of the country
is now one of the major development problems facing Kenya.
The Government has adopted a policy of extending agricultural
land frontiers to cover the sparsely-populated* medium-poten-

Hitherto,tial zones mainly through irrigation development.
much emphasis has been given to large-scale irrigation develop-

Mwea, Ahero,
Among

only the Mwea scheme can be characterised as successful;
the others have barely begun to show some promise after many
disappointing years (de Ullde, 1967). In general, large-scale
irrigation projects have a long gestation period and require
large amounts of foreign exchange and domestic capital. In
financial terms such projects require an estimated coat of
£700 - £1000 per hectare as capital investment and running
costs**. With such high development costs, efficient produc­
tion of high-value crops is necessary if financial success ia

survey of the irrigation potential of

such as the following irrigation schemes:
Perkerra, Galole and the more recent Bunyala scheme.
these,

limited.

ment.

Approximately 1.5 million people live in medium-potential zones and 0.9 million live in low-potential zones. The rest of the population (11,000,000) live in high-potential and urban areas.
Ahero and Mwea extensions had coats of £980 and £750 per cultivated hectare respectively. Costs for the expansion of the Lower Tana scheme have been estimated at £2000 (1974 Prices) per hectare inclusive of all costs (United Nations, FAO Lower Tana).
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Thia in turn requires proficient managementto be achieved.
services for water supply, production, and marketing.

□n the other hand, minor irrigation projects have short
gestation periods and require relatively small amounts of fo­
reign exchange and skilled personnel.

The second Kenyan five-year development plan (1970 - 1974)
A number oflaid some emphasis on minor irrigation projects.

such projects were established in various locations, mostly in
the arid parts of the country where suitable water supplies

In total these schemes cover more than 1000 hectares
of irrigated land.

than previously, primarily as a means of improving food supplies
hopefully, obviating the need for famine relief in the arid

Development funds amounting to K£600,000 have been allo-areaso
Ths initial development work for these schemescated for them.

is being done by the Land and Farm Management Division of the
Their development will be partly onMinistry of Agriculture.

It is also hopeda self-help and partly on an individual basis.

History of Irrigation in Kenya2.2.

Irrigation work was started in Kenya in the early 1950's
with the formation of the Hydraulics Department within the
Ministry of Public Horks (Griddle, 1964). The Department had

During the current-plan period <1974 - 1970) 
minor irrigation schemes will be developed on a much wider scale

four major Divisions, namely Comunity Water Supplies, Ground­
water Investigations and Advice, Irrigation Systems and Dams,

existedo

that these projects will be important locally as a source of 
employment and cash income.

and,
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and Hydrology* Thia Ministry was charged with the duties of
planning, design and Construction of the irrigation projects,
while the Ministry of Agriculture and Uater Resources under­
took the operation and maintenance of the completed projects.
A joint irrigation committee composed of high level Government

The committee met
regularly and developed policy guidelines for the national pro­

In the period between 1950 and I960, several irrigation
The ope-projects proposed by this committee were implemented.

ration of each project was put under the guidance of a local
irrigation committee made up of both local and Government agency
representatives. ^Each irrigation project had a Manager who was
responsible to the Ministry of Agriculture and the advisory com­
mittees and whose duty was to organise record-keeping, mainte­
nance and operation of equipment, distribution of water to the
tenants, and advising the tenants on their farming operations.
The projects which were implemented during this period included

cept Taveta scheme*, are now under Government supervision through
the National Irrigation Board. During thia same period irriga­
tion farming attracted private entrepreneurs, and several private
irrigation schemes were set up mainly in Nyanza, Rift Valley, and

gramme.

officials was set up and charged with the responsibility of 
irrigation problems of the entire country.

schemes such as Mwea, Ahern, Taveta and Galole all of which, ex-

* Taveta irrigation scheme was opened in 1953 and gradually developed to about 1000 hectares. But later most of the irrigated acreage was abandoned. It is now one of the minor irrigation schemes.
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the Coast Province.

The major irrigation schemes set up after 1950 are shown
Table 2.2 shows the private and minor irrigationin table 2.1.

schemes in Coast Province.



15 ~

r
L3

I

2D

-

t'J

tn
VI

<£)

U1M3

cn
(□ fv>

ro

D» 

UJ 
CO

Ci

ro 
ft*

CO 
D 
C: 
»■.< 

U 
(0

tn 
CD 
03

c-h 
Q 
n

Ut (Tk 
-r- cj 
VJ CD

tn o

3 ro.

o

r

(0 
Hi

CO
Ui 
cn

VD 
UD

VO
U1 
VI

o 
K 
o 

T3 
CD

O

UD 
U1 
CD

K>

r\3 
c 
H*

&

D  
CL

 
H* 
CD
cV 
•0 <

a

~r

rn s 
co 
W

(•)

CD 
D 
o* 
H- 
g

tn»
m

a

<
3

n
o 

13 
a

D) 
LT

(9

»1 ro
CD

CD 
ex

3

o 
N 
S 
QJ 
rr

O 

tn
VI

V3 
U1 
VI

.8

I

za !-*• s

N) 
CO 
4.-*

r»* 
CO 
»0

CO
2J

nro

c 
co

2D 
iy* 

n ro

kO tn co

ro
ro*

o

f?

u: 
r> 
CD 
kl 
rb 
(’.» 

ex

n 
ro

C1
co

ro 
i-**

§

I-* •> 
o 
p 
h?

E 
*0

c+
H*

LO

§
LX

J?
(V

3

I 
g 
C2

ro

►j 
p” 
ID 
w 
r<*

O 

X-2 
1*4 
Cj 
H* 
IC

e: 
CD 
rt* 
Q

CD 
n 
c+ m 
H
CD 

|.,0J 
l£j W 
O >-j 
ui r?

I-’* ip
rb 
CO 
Q.

s

co

ff. fl. 
PS 
b* (□ ro w

t*»* !-»• 
3’ 3 
CD

G) 33 O 
H H- O 
a n 
t: rj  
n.

at

!-•
UJ 
t:i
CO

§ 
Cj>

5

Ln
3- 
S 
r.i

•0
|.-4 

r? co
ro :•!

§

i g’I v?

P;
S

fj)

S'
?:•

M

m er ro 
v c - 
M  U1 

 a a 
0.7 0 

ro 
co

Cb

n 

'1 ?T 
(0 
f-4

ro

ro 
• j 
»J 
t)

T) DI 
i-j  

3°- 
Cl* 
W 
« e ro 
rj tn cn 2 r- 

13 C-j. c
12 O 3 
K*' N h- 
 O 

ud rr 
a 7£ b* 

c < 
it ro 
E 
ID

zr -< 
ra >* 

re a ro 
m c+ I-* 
• o ex 

H 
ro T3 

ro 
►i

:-2

1&

G X
G(•>

?-•* t-.-

I--- 
5.1 .
»•'. •=•
ri i-*

15
(9

3 c?
SK 
CO D' 
c (□

i-r 
p. i ; 
W ! *•

IO 
w ro 
u IT

r-i —; <: rr 
ro h- 
xJ C*" 
i •• ro

& _ 
53 CL

”, 
u

ro 
f-i er 
ro rn

H-  
Ci m 
iu tn.



16

to

no
ra

3

□

3

CT

ro

33

=1

M z CT ro m nono

d o 
•iCT □ □

o □ 
o

c 
3

o □ o

o 
o 
o

n 
a

CT □

□ 
CL 
D

O 
o

VJ 
CD 
o

cn 
o a

x 
to

n 
-i 
O •o a

a 
3

TJ 
*1

35 
to
>1 
w 
n 
c

hi 
ro 
-a□
ch co

ch
C 
hi 
to

-Q 
>3 
o 
< 
t-* □ 
n
a

o
►1 
tQ
o 
ch 
o

«XJ 
o

□
“t>

3 
3 
c 
ro
C-4

r?
ZT ra

m 
a 
o

c 
3 
X 
CD
33 
h“ 
< 
ra 
hl

ct 
o 
o

33 
h“ 
S3 
Q

ro 
o 
a

n □
ch□
3

CT
CT□

m
CD 
3 
CD 
Z3 
m 
m

ct □ 
o

co
3 
Q.

CT

□ 
C 
3 
Q. 
£ 
m 
ch 
ra 
►3

ct □

ra*

cn 
c 
to 
m 
►s 
o 
m 
3 
ra

ro
CD a>

CT 
C 
to 
09 
*3

CT 
CD 
O

no □ 
CD

co 
3 
a

CD 
3 
a

E 
ra 
3 
a

ct
CD
CD

O 
CD

CT 
a 
o

CD
3 
m

ct
CD

tB 
3 a

X 
ra 
E 
CD 
3

X 
D)

X 
CD

cn 
o 
c 
►3 
n 
ra

co
3 
CL

CD □ 
a 
CD 
rh

CD
3 
a.

CT 
a 
c 
hl 
n 
ro 
oa

~t 
m 
< 
ra

03

33

< 
ro 
►i

za w
ro
hl

33

a
ra

zo 
t-»

ro
hl

33

n to

39

< 
ra
►3

x» 
O 
ch
C 
D

T9 
to 
ch 
ro 
3 
ch

09

X W 
to ro 
o h- 
eh CX 
D 
H ID 
ra ro

x 
CD

e 
CD 
ch 
ro 
►1

a.

CT 
O zr ra 
3 ra

to
u>

3

O 
hl 
S
to 
ch

O

►7

to
CD
ch

to
Q 
ch
ro 
ex

T9 
►3 
a

n ro

ID 
ch 
CO

o* 
X

s
ch 
ro 
ex

s 
CD

a 
»3

X 
c 
3 
& 
to 
a

z 
ro

a 
►i 

■s 
o

5 
U1

z to 
o o

CO 
o
ro

3
m

CZ 
CD 
3 
IO
tD

ct z r- 
"C Cj. c 
hl a ■

3 O 
to

CT CT 
►1 
a 
c 
3

C 
►3

_ ID 
□. n 
E ro 
ro 
ch ro 
ro 3
►3 Q.

31 3 
H- tD 
n h~ 
ro n 

ro

<=: -n 
ro »3 
to c
ro h> 
ch ch 
CD CD
X 
H« CD 
CO 3
CD A

*n 33 
ro cd 
O 3 
ch b* 
□ CD 
hl H- 
<

i *i 1 »3
itO

ra 
ex

no m 
Ul CD
□ CD

r 33

fS03

3 o c
3 X 
x ro 
a a 
CD E 
cd ro

 33
ro x w 

c < 
x ra 
E hl 
a



- 17 -

Investigation Division also did some workThe Groundwater
on irrigation development by drilling boreholes in various parts
of the settled and "native reserve" of the country where surface

Table 2.3water supplies were either non-existent or inadequate.
shows the progress of drilling between 1927 and 1975.

Table 2.3 Kenya:

Year Year

Sources

Boreholes Drilled 
No.

Drilling Section, Ministry of Uater Development, 
Nairobi, 1975.

Boreholes Drilled 
No.

1927 
1930 
1931 
1932 
1933 
193S 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975

120 
175 
175 
120 
120 
105 
75 
50 
55 
48 
55 
54
47 
55 
70 
98 
83 
75 
85 
82
95 

110

5 
60 
50 
10
7 
2 

20 
20 
90 

120 
30 
70 
55 
65 

100 
140 
160 
220 
255 
340 
250 
240

Number of boreholes constructed between 1927 
and 1975.
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It will be observed from table 2.3 that much emphasis was
placed on the construction of boreholes in the 1940*s and 1950*8
during the days of African Land Development Organization (Aldev)*

The number of boreholes constructedwith leas in the 1960's.
Al-will however continue to steadily increase in the 1970* a.

though these early drillings were based on Government efforts,
the Government later encouraged in it's second Five-year Develop­
ment plan (1970 - 1974) private exploitation of groundwater

The progress made underthrough a tube-well/borehole subsidy
this tube-well programme is shown in table 2.4.

Table 2.4 Kenya:

1969-Item

75 85 958298 83No.
64 7571 60 8767No.Successful

% 95 6868 77 98 92
1,4561,588 1,800 30,000 35,0003,875Subsidy aid K£

Economic Review, 1975.Source:

The results obtained from this preliminarycal features.

* "Aldev" was an organization set up by the Colonial Government 
to develop the "unscheduled" areas (African Land) for settle­
ment of the landless Africans*

Percentage 
Successful

These boreholes are spread all over the country, thus ha­
ving a wide range of climatological, geological, and topograph!-.

1970-
1971

1971- 
1972

1972-
1973

1973- 
1974

1974- 
1975

Boreholes 
Drilled

Boreholes drilled and Subsidy aid 1969/70 - 
1974/75.

Unit 
. 1970
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drilling revealed interesting information concerning the mode of
occurrence of groundwater with respect to various geological for-

This information is summarized in table 2.5.mations*

In spite of this, no systematic survey of the groundwater
resources of the country has been undertaken by the Government*
As such the total groundwater potential which can be exploited
for irrigation purposes has not been finally determined, but the
data so far available indicate that there la ample scope for con­
siderable exploitation of such resources in several areas of the

5

country0
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Importance of Irrigation in Kenya2.3.
Although in many parte of the world irrigation development

has been extended to cover even the humid and sub-humid areas,
has beenin Kenya much of the irrigation development efforts

concentrated on the so-called medium and low-potential zones.
The main objective in concentrating efforts in these areas

has been to mitigate the effect of drought and to bring security,
and prosperity to those areas hitherto producing only

limiting factors, even in areas of moderately adequate precipita­
tion, there is an increasing need to consider supplementary irri­
gation to prevent moisture-availability from becoming the ceiling

There ‘Is therefore a possible choice of two objec-on yields.
<1) Supplemental irrigation aimed at en-tives in irrigation:

suring a more or less constant level of production even during
the long dry spells between long and short rains, and (2) Full
irrigation designed to provide for intensification of crop pro­
duction.

Among the specific advantages that may accrue from irriga-
(1)tlon are the following:

moisture plays in making nutrient materials available,
ming of maturity of crops - particularly desirable where earliness
is profitable, (3) Quality of

utilization of land. Irrigation usually

maximum table and market quality.
the harvested product la almost always inherently improved through 
irrigation, and (4)

Maximum growth and yield traceable 
not only to the supply of 'water itself but also to the part that

stability,
catch crops or no crops at all. Nevertheless, as modern cash 
inputs are successfully removing or reducing the effects of many

(2) tl- 
/.
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affords an opportunity for fuller employment of land by ensuring
double or multiple-cropping.

2.^

Kenya's first water ordinance came into force in 1929.

ting the responsibility of all surface water in the crown, and
requiring the issue of a permit for the use of any amount of

Asurface water except that required for domestic purposes.
Water Board waa established to consider applications for permits.
The 1929 Ordinance was modified by a number of amendments to be­
come the 1951 Water Ordinance which is the basis of the current

The 1951 Ordinance was amended in 1957 andthe 1951 Ordinance.
The 1960 amendment classified all the projects for waterI960.

(a) Private, (b) Conrau-and drainage of land into four classes:
nity, (c) Public and (d) Urban.

Private projects were defined as those which concern the
use of water or drainage of swamps within the limits of the land

Tube-wells fall within this class and are there­of the operator.
fore subject to the law. The specific provision of the law gover-

construct any well or extend any existing well within one hundred
yards of any body of surface water or to abstract water from any
well ao constructed or extended shall flrat obtain the necessary

Legal Aspects of Water Use and Its Relation to Tube-Well 
Development

Kenya water laws. The abstraction of groundwater, which was not 
covered in the 192b Ordinance, was carefully controlled under

This Ordinance was a moderately comprehensive set of laws, res-

ning the abstraction of water (Ministry of Agriculture and ^Natural 
Resources, Water Ordinance, 1960) states, "Any person proposing to
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The per-perralssion under the provisions of the water ordinance.

tion and to give to the Uater Apportionment Board notice of hie
intension to construct a well* and also notify the Board when

The contractor is required to keep recordconstruction begins”•
of progress of the work which should include:

(1) Measurement of the strata passed through.
C2) Specimen of such strata to be preserved.
(3) Level at which water was struck.

The quality of water obtained at each level and qualityCO
finally obtained and the rest level thereof.

Persons authorized by the Uater Apportionment Board have

holder shall relate to a specific quantity of water which may be
found by the Uater Apportionmentobtained with maximum lift

Board to be reasonable or feasible at the time of granting the
The Uater Apportionment Board may however revise bothpermit.

the quantity of water and the maximum pumping lift in the light
of changed conditions.

case special permission to construct new wells must be obtained.

requirements.

The Uater Apportionment Board prohibits waste of groundwater 
through abstracting from any well water in excess of reasonable

Any area may be declared a groundwater conservation area ^f 
the Ministry of Uater Development finds it necessary and in this

access to the well at all times. The permit to extract ground­
water will be given on condition that the right of the permit

son is required to give full particulars relative to his applies-
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To avoid contamination and pollution of groundwater, wells
The top of theshould be sealed off in any contaminated layers.

well should also be sealed between the surface casing and the
internal pump column and the section of the discharge pipe.

The Water Apportionment Board reserves the right to order
special measures to safeguard groundwater resources.

Statement of the Problem

A large part of the Coast Province is classified as a semi-
500 raaarid zone in that the rainfall is less than per annua,

poorly distributed, and often punctuated by long dry spells.
This type of rainfall regime naturally affects food production

lied from up-country, a distance of over 300 miles. Unfortuna—
Nairobi offers a big up-country market and therefore

Mombasa only gets the surplus which is usually of very low qua-
Fruita and vegetables are brought to the Mombasa Marketlity.

after they have been rejected in Nairobi and suffer a further
loss of quality during handling ahd transportation (Hrabu, 1972).
With the increasing population and hence demand for fresh fruits
and vegetables, Mombasa cannot continue to depend on the unreli-

therefore a need to Increase Irrigated cultivation in the Coast
Province so that an all-year supply of fruits and vegetables can

Thia could be done by expanding Minor
be assured and also to reduce the dependency of Mombasa Market 
on up-country supplies.

2.5°

tely,

so that most of the foodstuffs in the Province have to be supp­

able up-country supplies. In any case the booming tourist in­
dustry at the Coast calls for more quantities and a mcjre reliable 
supply of high quality fresh fruits and vegetables. There is
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irrigation programmes mainly through private investments in
The Coast offers great possibility for this typetube-wells.

of irrigation development.

The coat of baring tube-wells and Installing pumping seta
Therefore financialia however too high for an ordinary farmer.

assistance has been provided to small-scale farmers through the
World Bank's International Development Association (IDA) credit
scheme which is being administered by the Agricultural Finance

tUTEo

future come forward in aid of the private investors in rural
development and especially in expansion of the private invest-

tdhereas there has been an attemptmeat in tube-well programmes.
to estimate the financial and social benefits and costs of the
large irrigation projects like Mwea, no attempt has so far been

especially those using groundwater resources in Kenya.
projects would have to be proved financially viable to be eligi­
ble for stepped-up financial assistance from the Government and
commercial banks.

Objectives of the Study2.6.

tion.

thia method of agricultural development which has proved very

The main objective of this study is to assess^ the financial 
and economic feasibility of tube-wells as a basis for crop produc—

By establishing their economic viability, it is hoped that
attention of Government and private investors can be drawn to

Corporation (AFC) in collaboration with the Ministry of Agricul- 
It is also envisaged that the commercial banks will in

made to study the economics of small-scale irrigation schemes
T ube-well
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successful in other countries of Asia, the U.S.A., and the
Middle East. More specifically the abjective is to appraise
and evaluate private tube-well irrigation projects to test the
hypotheses that such projects are economically-viable at the
individual farm level and could contribute to the acceleration
of food production in the Coastal area given credit and good
extension advice.

Another related hypothesis is that such small-scale irriga­
tion projects as tube-wells are more applicable for agricultural

particularly in the Coast where there is no surface
water but where groundwater resources are available. .In testing
these hypotheses the two types of the tube-wells, i.e. electric
and diesel-operated systems, are studied to assess which one is
more efficient and*suitable for small-scale irrigated agriculture.

2.7. Location of the study area

It covers an area of
Altitude ranges between sea level and 2,100 metres

on the Taita Hills.

The climate is generally hot and humid throughout the year
except on the high altitudes. Rainfall is perhaps the most im­
portant single climatic element for determining the nature of
land use in moat areas of the Province. On the basis of the mean
annual rainfall, over two-thirds of the Province receives less

About half of this category
than 760 mm of rainfall and is therefore unsuitable for permanent 
agriculture without irrigation.

development,

and 4°45*S andCoast Province lies between latitudes 0° 
between longitudes 37°E and 41%0'E. 
83,000 Km2.
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receives less than 510 mm of rainfall and is therefore suitable
The remaining one-third of theonly for range development.

Province receives over 760 mm annually and is therefore suitable
Generally rainfall decreases alongfor permanent agriculture.

the Coast from south to north and with increasing distance in­
Rainfall figures higher than 1,100 ns areland to the west.

recorded in the area between Vanga on the Tanzania border and
Mombasa District, which is theTakaungu in Kilifi District.

Howeverarea under study, falls within the high rainfall zone.
because of the rapid percolation of water, high ET and long dry

Of greater importance is theirrigation is necessary.
number of years out of a hundred when these minimums are real!—

Rainfall of 760 mm in 90 out of 100 years occurs for onlysed

The rest of the area can only be certainparts of Taita Hills.
Table 170 - 80 years out of 100.of the 760 mm minimum in

in appendix I shows rainfall figures in various stations in
Coast Province.

Rainfall is of a bi-modal pattern with maximum precipitation
occurring in the months of March to June and October to November.
The pattern ia uneven and rainfall appears to move in narrow
bands in the direction of the prevailing monsoon winds. The long
rains sometimes start in March and disappear in May or June or
they may start in April and continue to June. The short rains
are not dependable and may not occur at all in some parts of ths
Province in a very dry season.

two small areas Cl) A narrow coastal belt from Just south of 
Kilifi Town to Vanga on the southern border and (2) the high

spells.
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In the light of this rainfall probability and reliability,
most of Coast Province likely can benefit from full irrigation,
with supplemental irrigation preferred in Just a small area.

- the area around Mombasa mainly north and south, it
is estimated that over half of the total area of Coast Province
is suitable for irrigation development from the soils and topo-

lilith a rural population of 680,000graphical point of view9.
Pokomo, and Taita as the main

irrigation development projects are not likely to ex-
The urban population of 280,000perience a labour bottleneck.

(1969 census) together uith the rapidly developing tourist ho**
tel industry and the shipchandler business will continue to
provide the market for increased agricultural produce.

The study concentrates only on fruit and vegetable crops
because of their rapidly growing demand all along the coastal

the chief tourist centres.
irrigation are largely of Asian origin generally reputed for

The position of thetheir long history of irrigated farming.
study area is shown in Figure I at the end of Chapter V.

strip especially Diani, Mombasa, Malindi and Lamu which are
The farmers practising tube-well

* This estimate is given in a report on the survey of the 
irrigated potential of the lower Tana River Basin which 
was done for Kenya Government by Food and Agricultural 
Organization of the United Nations, Rome, 1968.

tribes,

Although the area covered in this study is about 700 Kilo- 
2 metres

composed of Girlama, Digo, Duruma,
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IIICHAPTER

METHODOLOGY
3.1. The Data
3.1.1. Type of Data

Data were required with respect to the main vegetable
crops grown by farmers utilizing the tube-well and non-tube-
well irrigation systems, the cropping intensity of the two sys-

prices of various fruits and vegetable crops. Fixed costs inc­
lude depreciation, interest, management costs and wages for re-

The estimates for capital investment includegular labour.
costs for such items as tube-well sinking, land levelling, ener­
gization*, pump house, storage tank or stilling basin, and el-

Variable costs include wages for casualectrical transmission.
labour, costs of purchased production inputs such as seeds, fer­
tilizers, manures, pesticides, herbicides, and fungicides, and
cost of fuel, oil, and electricity.

Sampling Procedure3.1.2.
Most of these basic farm management data were gathered from

a sample of 20 tube-well operated farms in Mombasa Diatrict.
Mombasa District was selected purposely for thio exercise on

terns of irrigated farming, market channels available to the andproducer,/the level of fixed end variable costs, yields and

• Energization here refers to the use of diesel or electric power as the prime-mover of the pumps. In connection with investment, this involves the cost of ths pumps and elect­ricity installation.
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account of its concentration of,tube-wells for irrigation pur-
The statistical foundation of the study is based on a

This surveyand including 446 tube-wells.
was carried out by Gentle (1969) with the objective of ascertai­
ning the amount, quality, and extent of groundwater in that area.
Out of these 446 tube-wells, only 50 are currently used for agri­
cultural purposes, and the rest are used for domestic purposes.
All of these 50 tube-wells were pre-surveyed to find out the
cropping pattern and the acreage allocation of the various fruit

The farms with a mixture of perennialand vegetable crops.
crops (citrus, mangoes, coconuts, cashewnuts) and annual crops

Thiswere

18 farms had electric and 22 had diesel tube-wells. From the
list of each type, a sample of 10 was randomly selected for the
actual survey, giving a total of 20 farms in all.

Data Collection3.1.3.
Having selected the sample and decided on the main para-

it was necessary to consider the various
ways in which such information might be obtained. The princi-

The questionnaire approachmethod, or use of secondary data.
may be by mail, telephone, or personal interview.

pal ways normally used by researchers for data collection aret 
A questionnaire approach, experimental method, observational

poses.
survey of tube-wells at the coastal strip between Gazi (in

meters to be measured,

omitted from the list to simplify the analysis.
left 40 farms which were growing annual crops only. Of these,

Kwale District) and Htwapa (in Kilifi District) covering an area 
2 of 700 Kilometres
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The personal interview may be self-administered or adrainis-
□n the other hand experimental datatered by an interviewer.

collection involves setting experiments in the field and cont­
rolling all the variables under the study so that the effect of

Certain variables mayone factor on the others can be tested.
The observationalbe measured before and after the experiment.

method of data collection involves the researcher going into
the field and observing how the various activities are carried
out and recording the necessary parameters, while the use of
secondary data Involves collection from documents (official or

Experimental data collection was not used because of the
limited time and lack of financial resources. Instead use was

Apartmade of a combination of the remaining three methods.
from the sample being the main source of data, some information
was obtained from secondary sources, mainly from the Mombasa
District Agricultural Office and the Market Manager's office at
the Mwembe Tayari Auction Ring in Mombasa. Some data were ob­
tained through personal conversation with the market foodstuffs

Technical data on husbandry practices relating tomiddlemen.
the production of various vegetables and fruits were obtained
from the farmers' own estimates and were cross-checked with
those in farm management District guidelines. Data on farm in­

Farmers Association Stores in Mombasa as these are the main
stockists for most of the farm inputs. Data on coat of digging

puts were obtained from the farmers through the questionnaire. 
The prices of various farm 'inputs were obtained from the Kenya

unofficial), tapes, pictures and microfilms.
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wells in the area were obtained fro~i local Arab Contractors*
The prices of various sizes of pumps, engines, and electric
motors uere obtained from the Uiggles-worth Company in Mombasa
end cross-checked with those of the Machinery Service Company,

Data on costs of farm electrifica-for consistency.
tion were obtained from the East African Power and Lighting

and the prices of various agricultural commodities
were obtained from the Horticultural Crops Development Autho­
rity (HCDA) weekly market survey reports. These prices were
cross-checked with the Market Manager's daily records for ccn-

Personal observation and conversations with the far-slstency.
mars and the fruit and vegetable wholesalers at Muembe Tayari
Auction Ring during the period of the study also proved helpful
to the author in gauging the likely magnitude of the seasonal
fluctuations of fruit and vegetable prices resulting from supply
and demand forces.

Technique of Analysis3.2.

Two types of analysis techniques are employed in the empi-
The first one is budgeting dealing with therical chapters.

analysis of gross msrgins while the second is financial apprai­
sal of the tube-well projects using conventional appraisal

In Chapter UII an average tube-well farm is synthesi-xa tr<Oub.
zee using data gathered from the 20 sample farms. This was
supplemented by data from other sources. The chapter details
all the costa of operation of the various farm enterprises.
The figures used in tha budgetary and financial analyses
represent a simple average of the farms studied. This synthetic

Company,

Mombasa,
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farm type is believed to be sufficiently representative of the
Thefarms in the area to function in a useful analytical role.

technical unit of accounting is the acre*.

3.2.1. Budgeting

Budgeting is a method of comparing alternative economic
organizations to determine and account for their relative pro-

The technique, as used in thia analysis (Chapterfitability.

which represents the
If doneremainder of Total Revenue less Total Variable Costs.

for a whole farm organization, the technique is termed complete
budgeting but if done for a section of the farm organization it
is called partial budgeting.

Although budgeting is a useful tool for choosing between
enterprises, factor combinations, and technologies, and for
demonstrating their comparative profitability, the technique
will not automatically identify optimal levels of operation
(Sturrock, 1967). In fact no attempt is made in this analysis
to identify such a level, instead emphasis is focused entirely
upon present organization, the economic effects of the organiza­
tion, and ultimately upon.policy.

* Most farmers in the rural areas have not yet gone fully 
metric. Thus they tend to think of the various indicators 
on a per acre basis, e.g. tons of manure per acre, bags of 
fertilizer per acre, kilograms of seed per acre, etc. The 
author therefore used the acre as the technical unit of 
accounting for convenience.

The methodology of budget analysis requires that the assump­
tion of fixed factor proportionality be made. This assumption

VII), combines the components of cost and revenue for a given 
organization to produce a gross margin
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implies that over the relevant range of activity a straight"
Such a function presumes perfectline cost function exists.

divisibility to exist with respect to the variable inputs -
that is to say there is no change in efficiency with which the

Another bud"

This assumption of linearity implies that all costs (other than
fixed) rise in the same proportion as the quantity of output

if management is combining these inputs optimally.
However beyond some output level - say the limit of pump cap a—

expansion is Impossible due to the restriction on the
capacities of fixed items.

Financial end Economic Analyses3.2.2.

the synthesized total fixed costs and total revenue per year,
will form the analytical framework for the financial analysis
developed (Chapter VIII). For both diesel and electric tube­
wells, the level of production inputs used and yield estimates
are assumed to be the same and the only difference is in the
cost of water.

Financial and economic analyses are techniques of apprai"
sing and evaluating projects to determine their financial or
economic viability (Gittinger, 1972). Both techniques are simi-

However economic
analysis goes further to examine the project from the standpoint

The gross margin analysis of all the enterprises is used 
to calculate the total variable costs, and these, together with

lar in that they compare the stream of investment and production 
costs of the projects with the flow of benefits.

produced,

city,

inputs combine at different levels of activity.
the , gating assumption is that of linearity of^production function.
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On theof its worth to the economy or to society as a whole.
other hand financial analysis considers the profitability of
the project to the individuals or groups of people who supply
capital or have enterprise interest in the project.

From this it can be said that while economic analysis is

Financial analysis, like economic analysis, applies the discoun­
ted cash-flow methodology, but it is set-up in such a way that
the elements included in the cost and benefit streams provide
results that measure the return to the equity capita).- contribu­
ted to the project by each of the various participants - the

Gittinger (1972)public, corporations, or private individuals.
suggests that the^use of financial analysis should not necessa­
rily be limited to private projects, but may be applied to the
costs and returns of various public entities which participate

An example of such public entities is Kenya's- in a project.
Agricultural Finance Corporation which handles small-scale far­
mers' credit on behalf of the Government. Such a credit agency
would be a failure as a development activity if it could not re-

Financial analysis mustcover the funds it lends to farmers.
therefore be done to evaluate public - assisted projects. Fi­
nancial analysis is also important when we consider the incenti­
ves associated with a proposed project investment. It would be
useless to have a project which is profitable from the stand­
point of the whole economy if individual farmers are unable to
earn a living from their participation in that project. Timing

suited for public projects, financial analysis is more meaning­
ful for private projects such as the tube-wells in this study.
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of the returns, which the financial analysis clearly reveals,
is important far individual farmers. A project which has no
returns far the first five years would be useless for the in­
dividual farmer unless he has an alternative way for liveli­
hood and the present values of future returns can warrant wai-

Financial analysis uses market prices which may includeting.
taxes and subsidies.

The market prices of farm inputs may include subsidies
which are automatically accounted for as benefits to the pro-

but on the other hand the project may pay taxes, which
are treated as a cost to the project. Adjustment for such
effects would be made in an economic analysis. It is clear
from the above explanation that financial analysis of a project
deals primarily with the revenue - earning considerations of a

It is concerned with whetherproject as viewed by participants.
the project will be able to secure the funds it will need and

considered financially viable.

Assumptions and Limitations of the Data3.3.

Mombasa District was one of the last among the medium and
high potential districts to embark on the recently-introduced
farm record system programme in Kenya. Therefore hardly any
farmers in the area were keeping meaningful farm records at the

The author had to rely heavilytime this study was undertaken.
on the farmers* faint memories concerning the quantities of

In some cases there was an element offarm inputs and prices.
inflated input levels, a fact which tended to result in over—

ject,

be able to repay these and indeed whether the project can be
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estimation of coats. However* since the author had the advan­
tage of having worked in the study area as a farm management
extension officer* it was easier to detect such mistakes and
correct the farmers in cases where there was an overestimate
of inputs and output.

One major assumption made in this study is that irrigation
A constantintensity does not change appreciably with season.

irrigation intensity was therefore assumed throughout the year.
This assumption is not strictly correct as some farmers repor­
ted that they pumped water at different rates in the dry season

Some farmers however continued with aand in the wet season.
Even thosefull rete of irrigation even during the long rains.

who reduced the irrigation intensity during the long rains could
For simplicitynot remember how often they irrigated the crops.

in calculation, a constant irrigation intensity has therefore
In view of this assumption, the diesel, oil, andbeen assumed.

electricity consumption during the long rains might be over- z
An assumption was also made that the irrigationestimated.

The yield data were estimated fromintensity was optimal.
either the farmers' guesses or the author's rough estimates
after inspecting the crop stand. Moreover, constant repair
prices were assumed over the project life. This is not realis­
tic because repair and maintenance costs increase as the pumps
become old.

and/or other factors. However, for convenience in the computa­
tion of benefit and cost streams, a constant cropping pattern

Most farmers indicated that the cropping pattern and crop­
ping intensity varied with the seasonal fluctuation of prices
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lt was further assumed that marketsand intensity was assumed.
were available and that farmers were able to sell all their
farm produce daily irrespective of whether the market was floo-

This was not the case, especially during the rainy seasonde do

when the Mombasa Market was flooded with supplies from up-country
and from the other East African partner States, mainly Tanzania.
During this season some farmers had losses of well over 20 per-

Such a loss was notcent4 on some days due to lack of a market.
Manytaken into account in the computation of gross revenue.

farmers also complained of theft of a considerable amount of
farm produce.

Clearly, the foregoing assumptions and limitations do affect
They should therefore be borne inthe validity of the study.

mind when interpreting the results.

* This figure is Just a rough guess by the author. Some far­
mers are able to organise reliable markets and therefore do 
not experience this problem. It was not possible to estimate 
the amount of farm produce stolen by thieves and/or sold 
illegally by the farm workers. Many farmers particularly 
experienced heavy losses from bananas.



- 39 -

CHAPTER IV

LITERATURE REVIEW

4.1. Technical Aspects of Irrigation

Introduction4.1.1.

to crops.Irrigation ia the artificial application of water
either to supplement or to replace rainfall, and thus to assist
in creating optimum conditions for high yields (Cantor, 1967)•

Sur-Water fox* irrigation is obtained from two general sources:
Surface water occurs usually in theface water and groundwater.

streams, and lakes and may be made available for
irrigation by simple diversion of the streams or rivers or by

Groundwater occurs below the surfaceusing pumping equipment.
of the ground in a zone in which permeable rocks are saturated

The upper surface ofwith water under hyddrqstatlc pressure.
this zone is called the water table. Irrigation using ground*
water involves pumping from a depth of a few meters to several
hundred meters except where Artesian wells exist. This source
of irrigation water in most areas requires a source of power,

by animal or mechanical means.

Agronomic Relationships and Plant-Water Requirements4.1.2.

Plants require water* for growth. Water is transpired by
The water is drawn up by rootsthe leaves throughout the day.

and passed out as water vapour by leaves. This evaporation
helps the leaves to remain cool. Besides the transpiration of
plants, the soil also loses moisture by evaporation from its

The sum of these two losses of moisture from the soilsurface.

form of rivers,

which may be manual or
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is called evapotranspiration (ET) (Thorne and Peterson, 1949).

Quite recently, much to the surprise of irrigation engi­
neers and farmers accustomed to thinking in terms of each crop
having its own water requirement, an important conclusion of
research in science by Penman has established the theorem,
based on the simple laws of physics, that maximum water require-*
meats for all crops must be about the same if the crops are

on the same soil types, under the same conditions ofgrown
temperature, sunshine, humidity and wind velocity, and for the

(Clark, 1967). This maximum ET of greensane growing season
crops grown under the same climatic conditions is called poten­
tial evapotranspiration (PET) and is dependent only on the wea­
ther conditions and not on the nature of crops being grown
(Thorne and Peterson, 1949). In general the PET of a field
with plentiful moisture and fully covered by a green crop can­
not exceed the evaporation from an extensive body of water expo-

This result permits estima-sed to the same weather conditions.
tes to be made of the daily water requirement to offset PET of
all or any crop from climatological data. Methods have been de­
veloped for using standard weather data to estimate the irriga­
tion needs of a crop. Such methods do not, however, take into
account the possibility tbat soma plants may respond to irriga­
tion only at particular stages of growth and may tolerate very
dry soil conditions at other stages.

Irrigating a given area at a given time of the
vision of all previous Ideas about the economics of Irrigation 
(Clark, 1967).

This important finding by Penman has led to the drastic re-
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will use up the same amount of water almost irrespectiveyear
Irrigators therefore shouldof the crop which is being grown.

always be growing the crop which at that time of the year, and
at the prices then prevailing, yields highest economic return

It is important to note,per unit of area and per unit of time.
that not all crops transpire the same amount of water

Different crops may haveper unit area over their life cycle.
different growing seasons during which climatological conditions
and hence ET may differ. Furthermore, even crops with the same
growing season and thus subject to the same weather conditions
may take different lengths of time to reach full leaf cover.
Crops which establish a leaf canopy early have been found to
utilize irrigation water more efficiently.

Soil - .Moisture Relationship4.1.3.

One of the most important factors determining proper irri­

gation practices is the character of the soil being irrigated.

Peterson, 1949). In turn these two capacities, together with
the crop and depth of the root zone, largely govern the method
of irrigation, the frequency of application, and the quantity
of water that should be applied at each irrigation. The water­
retaining capacity of soil, for the purpose of irrigation, is
expressed as depth of water held in a given depth of soil.
This is expressed in inches depth of water per foot depth of 
soil or millimeters of water per centimeter depth of soil.

In general the texture, structure, and porosity of soil deter­
mine its water-retaining and transmitting capacity '(Thorne and

however,
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When soil la thoroughly watered, some of the water, under.
the influence of gravity, drains into the lower levels and ia
replaced by air from the surface. When drainage virtually cea­
ses usually after two to four days* the soil ia said to be at
field capacity. The roots of crops obtain water fron the film
of water held around the soil particles by surface tension.
As thia film becomes thinner and thinner, the roots find it inc­
reasingly difficult to take in water. When the roots can no
longer take up water sufficiently rapidly to renain turgid, »
transpiration ceases and the plant wilts. The soil is said to
be at the permanent wilting point. In a given soil all ordi­
nary plants wilt permanently at the sama moisture content
(Thorne and Peterson, 1949). Field capacity and permanent wil-

4.1.4. Soil Moisture - Plant-growth Relationships

the effect of soil moisture on plant growth.
Israel and the United States has shown that field crops grow

As the amount of moisture is depleted, the tensionsuction*.
increases and eventually the growth and yields of crops become

For most crops the reduction in yield becomes signifi-affected.
cant when the available moisture is below 50 percent for prolonged

ting paints are the two important water-retaining capacities of 
soils as far as irrigation is concerned.

In recent years a great deal of attention has been paid tn 
Research 'work in

* When moisture in the soil is at a low suction it means that the soil has a high percentage of moisture and therefore can­not absorb any more.

best when the available moisture in the soil is kept at a low
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McGillivray (1953) quotes an example where Reutlingerperiods.
in a pioneering study on sandy soils in North

showed that yields of tobacco (a shallow rooting crop)
fell more or less linearly from 2300 to 1500 kg per hectare in .
response to changes in
growing season.

Uater Response Functions of Crops

. The yield of a particular crop depends upon the average’
growth of the plant over the whole length of its growing season.
In other words the average growth of a plant in any period is a
function of the average level of available soil moisture in that

So if Y is the yield of a crop in a particular year andperiod.
are the average levels of available soil moisture ino. X

This is the normal production function (Deepack Lal, 1972).

the yield of peas ceases to increase after an additional 2H ca
input of water, but for cauliflower and potatoes it goes on inc­
reasing up to 69 and 74 cm total water input respectively.
Carrunthers (1968) quotes some experiments in Pakistan which in

Uork and Carew (I960)fact show a low response to water of wheat.
give results of experiments showing increases in yield due to
irrigation aa high as 200 percent. Irrigation experiments at

be increased from a few percent up to 50 percent. The effect of

Davis, California, show that yields of shallow-rooted crops may 
be increased several hundred percent while deep-rooted crops may

Experiments at the Idellesbourne Vegetable Research Station 
in England (Winter, 1967) with a rainfall of 61 cm showed that

4ol.5.

and Seagraves,
Carolina,

X ). n

crop, then Y « f(Xl, X2, •
Xl’ n
periods 1 to n of lhe life of the

“soil moisture deficiency11 over the whole
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irrigation on yield is directly related to the amount of water
held in the soil reservoir until maximum yield is produced.
Additional water will not increase the yield. The Institute of
Agricultural Research, Hindu University, Varanasi, India, con­
ducting experiments on water requirements of crops, found that '
average yields of different strains of cotton and sugarcane
when plotted against the amount of water they consumed, gave a
linear proportion between the amount of water consumed and the
total produce, provided additional manure was used (Sally, 1968).
It was therefore concluded that crop yields increase with irri­
gation water supply within a fixed range. Higher crop response
to irrigation is realised with optimum application of other in­
puts like fertilizers and manure. Organic manures for example

Results of experiments
performed in Madras, India, indicate that the use of fertilizers
increased the yield of cotton by 34 percent over that without
application of fertilizer or irrigation. Irrigation alone gave
a 37 percent increase, and when both fertilizer and irrigation

fertilizers and irrigation taken separately. This was found to
be true through similar experiments performed in the U.S.A.,
Israel, and Pakistan (Sally, 1968).

4.1.6. Frequency and Rate of Irrigation

Reliable information about when plants need specified amounts
of water is required to permit scientific irrigation of crops.

were applied, the yield increased by 114 percent, which is over
5Q percent higher than the 71 percent cumulative effect of the

modify the soil structure so that it can hold more water and 
air for the extra benefit of a crop.
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Moat crops have two or three periods of maximum water require­
ment - one during the seedling stage, another during the pre­
flowering and flowering stage, and the third during the seed forma­
tion stage (MacGillivray, 1953). Young seedlings are particu­
larly susceptible to water tension, and growth is retarded if

For efficiency inthey are subjected to high water tension.
water use, farmers need to be able to determine the proper

MacGillivray (1953) gives two criteriatime fur irrigation.
"The soil becomes depleted of soil moisturefor this purpose:

The soil also becomes unable towhich must be replenished.
supply sufficient moisture far maximum growth and there is ces­
sation of plant growth followed by other indications of insuf­
ficient water - a change in colour of foliage and perhaps wil­
ting M.

Experienced farmers in developed areas determine the need
for irrigation by sampling the soil with an auger and deterai-

Most soilsning the approximate wetness by colour or feel.
change colour between the field capacity and permanent wilting
point; usually the colour is darker at field capacity and be-

green, often almost bluish or grayish, as the supply of moisture
becomes insufficient.

The quantity of water that should be applied at each irri­
gation and the frequency of Irrigation depends on the soil type,

The soil storage capacity, the waterthe crop, and the weather.
already held in the soil, and the rate at which water is absorbed"
through the soil are the principal factora in determining the

comes lighter in colour as the moisture content approaches the, 
permanent wilting point. The colour of foliage becomes dark-
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quantity of water that should be applied at each irrigation.
Tua important characteristics of the crop which affect the
frequency and the rate of irrigation are the depth of the root
system, and the stage of growth in the life cycle of the crop.
The rate of transpiration will vary from practically nothing
at the young seedling stage during cold, cloudy weather to a
maximum during hot windy weather at the tiae when crops are
growing luxuriantly.

Each crop has a certain, rather definite, rooting habit
which it will tend to follow if the soil 1b uniform and deep

On the other hand, almostenough and equally well-moistened.
any crop will develop its major root zone in the most favourable
environment with regard to both nutrients and soil moisture.
Considerable data^have been secured to show the depth at which
different crops withdraw moisture from the soil*.

4.1.7. Water Quality as Affecting Crops and Soils

Many factors are involved in any appraisal of irrigation
The total quantity of dissolved salts,water. Among these are:

the particular constituents and their ratios, the characteristics
of the soils and the crops to be irrigated, the irrigation prac­
tices, and the climate particularly temperature and humidity
(Arnon, 1972). Hany authorities agree that the suitability of 
water for irrigation purposes depends on the effects of its total

* These data have been gathered by the US Department of Interior 
Bureau of Reclamation and published by the Government Printing 
Office as Irrigation Advisers Guide - Washington D.C. 1951.
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quantity of dissolved solids on the plant and the soil* Salts
may harm plant grouth physically by reducing transpiration through
modification of osmotic processes, or chemically by their toxic
constituanta (Thorne and Peterson, 1949). Salts affect soils by
changing their structure, permeability, and aeration and this
indirectly affects plant grouth. Soils, particularly fine tex­
tured ones, have the ability to absorb certain minerals from
irrigation water. If irrigation uater contains more sodium than
it does calcium and magnesium, a tendency exists for this sodium

Theto replace the calcium and magnesium already in the soil.
presence of excess sodium in the soil makes the soil less per-

so the effect of irrigation uater containing an excess
of sodium is to tighten or seal-up the soil.

4.2. Socio - Economic Aspects of Irrigation

4.2.1. Cost of Irrigation

The vital rule of irrigation in increasing food production
and as an important starting point for overall economic develop­
ment has been discussed earlier. In vieu of this important rolev
the development of uater resources is frequently undertaken by

If all costs are included in pricing such watergovernments.
for agricultural purposes, farmers frequently cannot afford to

Uater is therefore frequently subsidized inpay for the water.
one form or another. In developing countries the bulk of the
available uater is used for irrigation.

An economic evaluation of alternative uses of uater shous
that agriculture is far less productive in its uses of uater

meable,
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than are other users(Cantor, 1972). The productivity value of
water in industry is frequently 100 times or more as great as
for agriculture (Arnon, 1972). In the San Juan basin in Calo-

compared with S1200 to $3000 when used for industrial purposes
(Clark, 1967).

However, factors other than the direct financial return

per unit of water used have in the past been considered to jus­

tify the existence of some expensive water-development projects.

and appraisal of irrigation projects be done to determine the

Capital and operating costsreturn to the scarcest resource.

of providing irrigation and the returns that can be expected

The variable factorsunder different conditions vary widely.
(1) The type of water supply,which influence costs Include:

(2) the size of the project, (3) whether the project is govern-
a

the climate of the area and the type of crops grown.

Costs of water for irrigation are naturally dependent on
the source of supply* being generally lowest when drawn by gra­
vity from flowing streams or springs, higher when pumped from
shallow wells and streams, and highest with water pumped from

deep wells and reservoirs created by constructing large-scale
Thus for example, in the U.S.A., studies showed stream­dams.

ment-sponsored or privately-sponsored since this may have 
bearing on the interest rates or other financing aspects, (4)

As capital is one of the scarcest resources in a developing 
it is essential that economic and financial evaluationeconomy,

ratio and New Mexico (U.S.A.), productivity of an acre-foot 
(1233 nP) of water in irrigation was estimated at 38 to $18 as
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flow cheapest, pumping from stream next, end pumping from wells
highest (Clark, 1967)• The generally-accepted belief that Irri­
gation from groundwater supply is much more expensive than that
from gravity-flow canals has however been disputed by Sally (1968)*
Table 4.1 shows his comparison of water costs for tube-wells and
canals in India based on 1968 prices. It shows tube-wells chea­
per than canals after making adjustments on the construction
costs for canals.

Table 4.1 India:

Crop

Ft RupeesRupees ft

6.4 0.40.7 9.91.0 1.5

8.3 2.1 29.73.0 3.7 0.9

Source: Sally H.L.

* This is the ratio of tube-wells to canals after multiplying the 
rates for canals by four to adjust for inflation between the 
time the canals were constructed (1940's) and the time the tube­
wells were bored (1960'8).

Wheat 
Cotton 
Sugarcane 
Oilseeds 
Rice 
Fodder 
Food 
Grains 
Vege­
tables

water 
supplied

Comparative water costs for tube-wells and 
canals per acre of irrigation,1968

Irrigation planning for intensive Agriculture.
Asian Publishing House, London., 1968.

water 
supplied

cost per 
acre

0.9
1.4
2.4
0.7
2.8
0.7

2.2
2.9
2.4
1.6
4.0
2.7

0.5
0.7
0.7
0.4
1.0
0.7

Based on tube-wells Ratio 
tube-wells 
to canals

1.2 
2.00
3.5
1-0
4.0
1.0

12.7
19.8
34.7
9.9

39.6
9.9

5.8
6.8

16.5
6.4
9.8
3.8

Based on canals 
cost per 
acre

Adjusted 
ratio 

tube-wells 
to canals *
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A repart by Gibb and Partners as quoted by Criddle (1961)
about the Musa Irrigation Scheme in Kenya indicated capital
costs of K£145 per acre of irrigated rice by canal system (1961

More recent (1970) expansion of this scheme has cost
K£700 per acre. This is evidence that the adjustment in table
4.1 was conservative.

The Agro-Economic Research Centre, New Delhi, made case
studies of the Ehakra-Sarda and Betwa projects in India in
1984 (Sally, 1968). They surveyed over 40 selected villages
served by canal systems and found that irrigation water rates
in the Punjab had increased by 50 percent over the pre-war le-
velo In Uttar Pradesh canal water rates were found to have gone
up by 3-4 times the pre-war level. The rates were found to be
far above those of tube-well supply.

Costs of water per ® fromwater is the size of the project.
Thusreservoirs tend to be lower for large-scale projects.

based on construction of darns,ranging from 6-9 cents* per o'
for small dams to 0.7 cents for the largest dams (Clark, 1967).
The cost of water whether from streams, reservoirs or wells de­
pends on the capacity of the pumps and heights of pumping,being
lower for bigger capacities and shallow depths as observed in
tables 4.2 and 4.3.

The second factor that influences the cost of irrigation
3

for example studies in Madras, India,showed costs of water,
.3

prices)o

* This refers to the U.S Cent.



- 51 -

Cost of groundwater (1953)Table 4.2 California:

Depth Pump capacity
Gal/minmeters cents

Vegetable ProductionSource;

Table 4.3 West Pakistan:

Depth

centsra

Source:

6
8

ID
12
14
16
18
2D

50
50

120
120

Compiled by Ghulam as quoted in Clark C. Economics of 
Irrigation, London - New York - Pergamon Press, 1967.

204
183
165
153
126
102
72
36

300
1200
300

1200

128
99
90
78
66
51
33
9

2.7
1.7
5.9
3.5

Cost of pumping at various depths
(1966)

0.08
• 10 
.11 
.13 
.15
• 19
• 30

1.1

0.10 
.11 
.12 
.13 
.16 
.19 
.27 
.55

Fuel 
costs per 

m3

Smaller pump
Capacity per 

hr

Cost per a?

MacGillivray O.H.
New York, 1953.

Large Pump_________
Capacity per hr& Fuel 

costs per 
3 rn 

cents
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It is interesting to note that costs are lower for smaller
pumps up to a depth of about 16ta but apparently are much higher
at depths of 20m or more. In general a dieael pump will use
0.45 kg (or 0.53 litres)of diesel per Hp per hour when raising
water from 12m.

Although theoretically the cash costa should be the same

regardless of who sponsors an irrigation project, government-

sponsored projectshave been found to be more expensive than

1967). There appears to be substantial dis-eco-
In Indianomies of scale in government tube-well projects.

per ra /hr as the groject is enlarged. This may be explained by
the large overhead costa involved and the often poor water dist­
ribution and management problems encountered in such government

Ghulam as quoted by Clark (1967) gives costs figuresprojects.

400 ej /hr. compared to a small electric project pumping 102 n /
hr.

Moorti and Mellor (1969) did a comparative study of costs
and benefits of irrigation, from State and private tube-wells
in Uttah Pradesh and found that the initial investment, besides
electricity transmission for State tube-well, was about 15 times
the investment for a private tube-well despite the fact that

private tube-well.

and Pakistan - the well, powerline, and drainage all cost more 
3

terms (Clark,

private projects, perhaps because only governments are willing 
to undertake those that are costly in both total and per aP

the discharge of the State tube-well was only twice that of the 
The cost of water worked out to Rupees

seven times higher for large-scale government projects pumping
■ — 3^_ ______x_______ ,, ___________ 3y
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333/1000 o' for

They also found that private tube-wellsprivate tube-wells.

offered greater availability and reliability of water supply
than State tube-wells, which was reflected in the higher crop­
ping pattern and cropping intensity in the private tube-well

The study revealed that for almost all crops, thefarmso
gross returns per hectare was higher on the private tube-well

1967)
"When a

his whole outlook on agriculture changes and he
starts to view it as a business. He wants to grow more va­
luable crops, to apply fertilizers, and to use other modern in­
puts to increase Jiis income0.

The climate of an area and also the type of crops grown
in an irrigation project have a bearing on the irrigation costa

In heavy rainfall areas a few acre-inches ofand benefits.
irrigation may be enough to supplement the rainfall Pereas in
dry areas plant water requirement is met through full irriga-

Table 4.4 shows irrigation costs in high and low rain-ticn.
The table shows bothfall areas by electric and diesel pumps.

the capital and operating.costs for both types of pumps higher
in low rainfall areas with greater water table depths than in
high rainfall areas. Costs for electric pumps are however lower
than those of diesel pumps in both climatic zonea.

a tube-well,

for State tube-wells and Rupees 22/1000 v?

farms relative to farms irrigated by the State tube-well.
(see Clark, 1967)

Ghulam/tries to explain this finding by stating:
farmer saves or barrows 6,000 - 12,000 rupees and installs
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Table 4.4 Ide st Pakistan: Irrigation costs in high and lou
rainfall areas by electric versus diesel pumps
1963/64.

Total

i,ooor Centsm

3

'Th

Source:

Similar results mere found by Moorti and Mellor (1969) in
Uttar Prandesh, India where the running costs per ha

for electric tube-wells were 40-45 percent less than those of
diesel tube-wells.

water that it is economical to apply at various price levels
In California for example it was found that at 1967for water.

In countries with a high level of agricultural production, 
linear programming has been used to calculate the amount of

Low rainfall:
Electric
Diesel

Higher rainfall:
Electric
Diesel

Degree of rainfall 
and type of pump

Depth of 
water tabl

Annual 
water 
output*

266
317

236
304

Capital 
costs

5.4
8.5

0.20
0.25

0.17
0.20

0.37
0.47

0.29
0.39

8.8 
12.0

Annual costs 
per m3

Fuel
only

Cents

Varanasi,

* Pumps averaged 2350 hr. per year at 115 m3/hr.

Compiled by Ghulam as quoted in Clark C. Economics of 
irrigation, London - New York - Pergamon Press, 1967<

1,000 m3
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of water for small farms and 1.6 cents for large farms (Clark,
In the Neger of Israel, a range of 5.0 to 7.2 cents per

was considered to be the marginal value product of water in
field crops. The marginal productivity of irrigation water in

during the same time period.

4.2.2. Income end Welfare Aspects of Irrigation

The benefits that accrue from irrigation are direct incomes
resulting from increased crop yields and quality or may be in­
direct benefits resulting from increased employment, -insurance
against famine and reducing population pressure.

showed a benefit-cost ratio of 2.75 for deep tube-wells and 1.67
for shallow tube-wells at a 12-percent discount rate, and an in­
ternal rate of economic return of 34 percent for deep tube-wells
and over 50 percent for shallow tube-wells.

In another financial analysis done for electrically operated
deep tube-wells in Illacabazar, West Bengal, a big difference was
found in the cropping pattern between irrigated and unirrigated

As many as ten different types of crops, including someareas.
high-yielding varieties, were grown in the irrigated area as com­
pared to a single crop in the unirrigated area. The intensity
of cropping in the irrigated area was 157 percent as compared to
100 percent in the unirrigated area. The benefit-cost ratios
for this system were quite high, as shown in table 4.5.

An economic analysis of alternative tube-well irrigation 
J 

projects in Wadia District, West Bengal (Maji, and Sirohi, 1969)

farm prices, the critical price of water was 1.3 cents per aP

1967).

Senapur, Ganges Valley of India was estimated by production func­
tions at 1.7 U.S cents per aP
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Table 4.5

Cost per unit of electricity

IS phase12 phase
Daily pumping hours

a 16 B 16
Percent

Source:

It may be observed that the lowest benefit-cost ratio is
nearly 2. This indicates the high profitability of the energi­
zed deep tube-wells under study even uhen used only 8 hours per
day and at the highest rate of interest and price of electricity
tested.

of cropping for the tube-well farms increased 54 percent over
the unirrigated farms. The employment of human labour per ha

lative effect of cropping pattern, intensity of cropping, and

In another benefit-cost analysis, private tube-well projects 
in Kalyanpur Block, District Kanpur, Uest Bengal, the intensity

3.0
2.3
2.1

3.7
3.2
3.0

3.2
2.8
2.6

Interest 
rate

2.6
2.1
1.9

5 
7# 
10

increased from 100 days before tube-well irrigation to 149 days 
after irrigation. This increase in labour demand was the cumu-

Illambazar, Uest Bengal: Benefit-cost Ratios for 
Electrically-operated Deep Tube-wells.

Daily pumping hours
■

Haji C.C. and Sirohi A.S. A case study of Financial 
feasibility of Deep Electrical Tube-wells, Uest Bengal, 
Indian .Journal of Agricultural Economics Vol. XXV111, 
Wo.4, 1969.
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adoption af high yielding varieties of crops as a result of
availability of assured water (Haji and Sirohi, 1989).

Although the economic and financial aspects of any invest­
ment must ba considered carefully before a final decision is

many Governments in recent years have found themselves
compelled to embark, for social and other non-technical rea­
sons, on both large-scale and small-scale irrigation schemes
which may not have appeared stictly economic in bankability
terms.

Irrigated land can support a larger population than un-
For instance Mwea irrigation scheme,in Kenya 'irrigated land.

supports a population of ^944 persons per square Kilometer and
the peasants are reported to have a higher standard of living

1975).
been and are likely to remain major objectives of settlement

□ne of the major recommendationsprojects in Tropical Africa.

The International Labour Office mission which visited Kenya in
1972 quoted National Irrigation Board figures of four jobs crea­
ted by every hectare of land irrigated (UNDP/ILO team, 1972).
In 1964, the number of days worked annually on the Hwea rice
irrigation scheme by both family and hired labour averaged 220

On 24 peasant farms of between 4man-days per acre of paddy.
and 8 acres in neighbouring Nyeri District, average labour in-

By 1971 there were 19,000 peopleput was 76 man-days per acre.

then most others in the rest of the country (Moris and Chambers, 
Population absorption and employment generation have

to the Kenya Government of a Parliamentary Select Committee on 
unemployment in 1970 was an urgent expansion of irrigation.

taken,
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supported by the Kwea irrigation scheme of 10,652 acres. This
was a man-land ratio of 1.6. A linear programming study in
Pakistan revealed that the provision of irrigation water on a
small farm of given area has a highly significant effect in
increasing both the demand for labour and its marginal produc-

1967).

The amount of water for which a farmer can find renumera-
tive use depends on the price of his products and the inputs,
and also the cost of obtaining the water, which normally differs
from country to country and even from District to District.
Even where the economic and financial feasibility of. irrigation
has been accurately confirmed, there is a need for frequent re-
evaluation and re-appraisal as changes in prices of the main
investment items and farm inputs and of farm produce occur.
Superior technology may also improve the yields and quality of
the crops and this should be taken into account.

tivity (Clark,
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CHAPTER V

IRRIGATION FARMING IN MOMBASA DISTRICT

5.1. Crag-Water Requirement

Basic water requirement data for Kenya is limited. How­
ever Pereira and his associates at EAAFRQ* - Muguga and the
National Agricultural Laboratories in Nairobi have made consi­
derable progress towards assembling these data CCriddle, 1964).
They have found little variation in potential water requirements

This is explained by the relatively uniform tempera-cf crops.
tures and lengths of day-light throughout the year in Kenya*

The differences in temperatures and humidity from the Coast to

the hinterland counteract the effect of elevation on crop-water

requirement.

These findings also agree with recent theories by Penman who
changed all the previous ideas of each crop having its own water

As noted previously, he has proposed that all cropsrequirement.
have the same water requirement if they are grown under similar
conditions of solar radiation, sunshine hours, air temperature,
and humidity and have the same growing period.

5.2. Methods of Irrigation Practised in Mombasa District

For economical and efficient distribution of irrigation wa­
ter the operator must at all times have complete control of the
water as it flows from the head ditch onto the land. Thia is

* East African Agricultural and Forestry Research Organization.
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whatever method of irrigation is used. When uncontrolled
streams of water are turned into the fields, waste, inefficiency,
and uneven distribution are almost certain to result. This can
be averted by the usa of relatively simple equipment which pro**

Irrigationvides a means of distribution and control of water.
water is applied to land by three general methods namely:

(1) Surface application by flooding^

(2)

<3)

The surface and sub-surface methods are further subdivided
as follows:

(a) Surface application:
Ci) Uncontrolled or wild flooding.

(ii)

Ciii) Furrows.

Cb) Sub-surface application:
Ci) Controlled by lateral supply ditches.
(ii)

Irrigation methods vary in different parts of the country
and even on different farms within a community because of diffe­
rences in soil topography, water supply, the crops grown, and
the custom. Close-growing crops such as lucerne, clover, and
pastures are normally irrigated by use of borders and basins.

Uncontrolled irrigation through excess applica­
tion of water to adjacent or higher lands.

Flooding controlled with corrugations, borders, 
and basins.

Sprinkling, in which the soil surface ia wetted as much 
as it is by rainfall.

true,

Sub-surface or with furrows in which the surface is 
wetted little if any.
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Farages and some vegetable crops are all suited to flood irri­
gation by borders and basins. Raw crops generally are irriga­
ted by furrows. Any one or a combination of several methods
may be best suited to one farm. Although sprinkler irrigation
is used by a few farmers whose farms are very uneven, the mast
widespread method of Irrigation in Mombasa is by flooding, es­
pecially basin flooding and furrow irrigation. The soils are
not particularly suited for this method of Irrigation because
they are mainly wind-blown sands. Sandy soils usually have
toe high an intake of water. In view of this they are best
irrigated by over-head means, but this method is far more ex­
pensive than flood irrigation. The essential requirements for
flood irrigation are sufficiently smooth land of very gentle

preferably flat (Turk, 1960). Where flood irrigation
is being carried out there must be complete control of the wa­
ter and the farmer must know the amount of water his layout is

Uncontrolled irrigation leads to over-capable of applying.
inefficient water-use, and hence poor crop returns.

Flood irrigation is generally the simplest and cheapest
method of applying water. However it has its own disadvanta­
ges in that it requires constant attention as regards maintai­
ning levels and smoothness. More skilled labour is required
to apply water evenly and to avoid waste through excessive run­
off than for most other methods. The canals require constant
cleaning and maintenance. The one great advantage of a flood
scheme is that it is very flexible. If necessary it can be
adjusted easily by enlarging the volume of water to increase

watering,

gradient,
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the acreage irrigated or to irrigate the lands more quickly
than originally designed.

Row or furrow irrigation is probably the cheapest method of
It is suitable only for cropsobtaining efficient irrigation.

which can be planted in raws sufficiently far apart to allow
furrows to be made between the rows. Each row may have a furrow

ci' where the rows are fairly close together, one
furrow may serve two rows of plants. Irrigation water is run
between the crop rows. is varied accor-The size of the stream

For flat gradients, longding to the gradient and soil texture.
and sandy soils, large flows of water 0.01 to 0.03 cusecs*

are used (Turk, 1960). In any case the ideal stream is of such
a size as to run to the end of the furrow with inflow just equal­
ling the infiltration in the furrow. Row irrigation is the most
common method used to irrigate the banana crop in Mombasa, for
example.

Basin flooding is widely used in irrigating fruit trees and

Basins are flat areas surroundedvegetables on flat topography.

by low ridges or dikes.

irregular in shape and may vary in size from 6 ft' to an acre
depending on the soil texture and the size of the irrigating
stream. The more porous and sandy the soil is and the smaller
the irrigating stream, the smaller should be the basin for effi­
cient irrigation. Where vegetables are irrigated, each basin

They may be square, rectangular, or 
2

runs,

serving it.

* Cusecs means cubic feet per second and 0.01 to 0.03 is equivalent to 3.75 to 11.25 gallons per minute.
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The basinsis made and levelled independently of the others.
are filled with water to a depth of 2 to 6 inches depending on
the soil type and the crop. Sandy soils require more water be­
cause the inftitration rate is higher.

Water from the source is led through the main canal, the
size of which depends on the size of flow and the size of the
irrigating system. From the main canal the water is diverted
into an intricate canal system which distributes it throughout
the farm. The most common means by which this is done is with

The ditches are generally permanentopen ditches or laterals.
fences, and edge

They are frequently earth ditches which may sufferof fields.
from excessive losses owing to seepage and evaporation, espe­
cially in arid regions or in areas of porous or sandy soils.
Leading from the permanent open ditches are the field ditches
which may or may not be ploughed in at the end of the growing

Hater is delivered through the field ditches by meansseason.
They usually consist of metalof check structures or turnouts.

or wooden fixtures, though they may be merely gaps cut in the
From the field ditches water is led into supplyditch bank.

ditches end finally into individual basins one at a time by
cutting a gap in the levels surrounding the basins. This method
of irrigation does not allow heavy mechanization. It requires

much human labour with a high degree of skill for adjusting the

flow of water to avoid over-watering or under-watering.

features and commonly follow boundary lines.
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is made and levelled independently of the others. The basins
are filled with water to a depth of 2 to 6 inches depending on
the soil type and the crop. Sandy soils require more water be­
cause the infiltration rate is higher.

Water from the source is led through the main canal, the
size cf which depends on the size of flow and the size of the

From the main canal the water is divertedirrigating system.
into an intricate canal system which distributes it throughout

The most common means by which this is done is withthe farm.
The ditches are generally permanentopen ditches or laterals.

fences, and edge
They are frequently earth ditches which may sufferof fields.

from excessive losses owing to seepage and evaporation, espe­
cially in arid regions or in areas of porous or sandy soils.
Leading from the permanent open ditches are the field ditches
which may or may not be ploughed in at the end of the growing

Ulster is delivered through the field ditches by meansseason.
They usually consist of metalof check structures or turnouts.

or wooden fixtures, though they may be merely gaps cut in the
From the field ditches water is led into supplyditch bank.

ditches and finally into individual basins one at a time by
cutting a gap in the levegs surrounding the basins. This method
of irrigation does not allow heavy mechanization. It requires
much human labour with a high degree of skill for adjusting the
flow of water to avoid over-watering or under-watering.

features and commonly follow boundary lines.
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Sources of Irrigation Water5o3.

The major source of irrigation water in the Coast Province
is surface water in the form of rivers and streams* The other

is groundwater which has not been fully exploited tosource
date.

5.3.1. Surface Water

The largest river in the Coast Province is the Tana River
which rises in tha southern slopes of Mount Kenya and flows

The minimum flow of this river atinto the Indian Ocean.
Garissa (where it enters Coast Province) is estimated to be
1.8 million acre feet* per year or 56 percent of the mean annual
flew of 3.3 million acre feet (Criddle, 1964). Except for

present stream uses are limited to about
and small flood benefits

Such villages inc-to numerous villages along the lower Tana.
and Ngao, all of which have recentlylude tdema

been taken over by the Ministry of Agriculture as part of the
Practically, how-Hincr Irrigation Scheme Development programme.

all water of the Tana River flows unused to the sea.

tilth control of the river, a large part of the flow could
be put to beneficial use. , According to Gibb's report as quoted

about 370,□□□ acre feet would need to be di­
verted annually for irrigation of soma 93,000 acres above the

* An acre-foot (43,560 gallons) is the asaount of water required 
to cover one acre of land flooded to a depth of one foot.

miner uses upstream,
5,GOO acre feet annually at Galole,

□da,

ever,

by Criddle (1964),

, Hewani,
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It was also estimated that even in a low-Seven Forks dara.
water year the net available water in the lower Tana should be
1.7 raillion acre feet, sufficient to irrigate not leas than
300,000 acres of highly productive land along the river.

Athi-Galana River, which is the second largest stream, has
its headwaters north and south of Nairobi* and runs through the

The river runs throughCoast Province into the Indian Ocean.

In the
the flow of the river generally drops to some 20

The flood waters could be storedcusecs or less near the mouth.
and used to irrigate several thousand acres of good land adjoi­
ning the river a few miles upstream from its mouth.

Uwba River isja relatively small stream heading in the
Kasigao mountain and running southward, reaching the Indian

At present se-Ocean at Vanga near the Kenya-Tanzania border.
veral small diversions from natural flow are made from the river

With its tai-for the irrigation of rice fields north of Vanga.
nimucn flow of 50 cusecs, this river could be used to irrigate
over 3,000 acres of land of suitable quality and topography aval-

However, as has been said in anlable a few miles upstream.
earlier chapter, the development and utilization of these waters
for irrigation purpose is expensive, running from £500 to £800

Their development would requireper ha at present-day costs.

dry season,

arid porticos of the area and receives water from much of the 
catchment only during and following heavy rainstorms.

* The Nairobi and Ruiru Rivera from the north of Nairobi join 
the Athi River from the southern hills at 01 Ooinyo Sapuk in 
Machakos District.
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ths sustained investment of substantial foreign financial and
manpower resources over several years.

Groundwater Source5.3.2.

All the minor irrigation projects in Mombasa District are
but such resources of the Coast

Province and the country as a whole have not been fully exploi-
Evldence suggests vast resources which could be used toted.

open up the arid areas or supplement rainfall where no surface
A large proportion of the water in Coast Provincewater exists.

Most of these pum-is obtained from boreholes and open wells.
ping schemes ara developed initially for domestic requirements
which help to justify the high costs usually incurred in projects

Occasionally the quantity of wa­
ter available is considerable and a reasonable acreage can be

Pumping from boreholes and wells is always a matterirrigated.
to be watched,

Usually it is not advisable to pumpof natural replenishment.
at more than 60 percent of the tested capacity (Turk, I960).

Undue lowering of groundwater results in higher pumping
Idel la may needlifts and sometimes prohibitive pumping costs.

to be deepened and pumps lowered in order to obtain sufficient
The extent of irrigation pumping fromquantities of water.

groundwater supplies should therefore be determined on the basis
of thorough, long-time investigations of the quantity of annual
inflow or re-charge to groundwater streams, basins, or reser-

Essential decisions concerning development of ground-volrs.

of this nature triers the acreages irrigated are relatively small 
compared to canal irrigation.

based on groundwater supplies,

as the tendency is to pump in excess of the rate
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water supplies for irrigation should, according to Israelson

and Hansen (1962) be based on:»

Cl) The availability, quality, and depth of water.

(2) The trend of the water table - whether it is stable,
or declining and whether the development of

groundwater is likely to bring about withdrawals of
water seriously in excess of the natural recharge.

(3) Legal or natural protection of groundwaters against

excessive depletion.

(4) i.e. whether the prospective produc­
tion under irrigation will bring enough returns to pay
the increased costs of irrigation farming.

(5) Land requirements - whether the land is physically
suitable for irrigation from the standpoint of contour.
productivity, crop suitability, end water - holding
ability.

5.3.3. Advantages and Disadvantages of Using Groundwater

It isThe advantages of using groundwater are numerous.
often available at or near the point of use and consequently
does not require a complex distribution network. Although it
is generally considered more expensive than direct river diver­
sion, this method frequently is considerably cheaper than surfa­
ce storage of water by darns and is usually easier to develop.
There is less fluctuation in supply than may be the case with
stream flow.

It is particularly suited in
Groundwater also tends to be freer from a soluble 

mineral load than surface water.

Cost of operation,

rising,



- 68 -

regions for which surface waters are adequate for irrigating
only relatively small areas, for areas isolated from streams,

Inand for providing stand-by or supplemental facilities.

arid arses where no perennial rivers flow, as in a large porti-

tha development of groundwater resources

may be the only practical solution to the problems of water

since groundwater is available in cont-supply.
its use for irrigation purposes forms an

effective anti-waterlogging measure.

The use of groundwater is not without its problems, however.
Semstimes it is available only at an excessive depth or in ine-

□ccasionally it may be of poor quality be-decuate quantities.
although usually unpolluted and relatively free of sedi-

In some circumstances itit is oftenJhighly mineralised.
may prove more expensive than surface water because it requires
expenditure of energy for pulping while surface waters can flow

Mosteven be used to produce energy.
important is the fact that there is a finite amount of ground­
water available in any one area, so that if extraction exceeds

the reserve of water accumulated over prior years
will sooner or later become exhausted.

5.4. Hydrogeology and Groundwater Potential of Coest Province

Gregory (1921) as quoted by Gentle (1968) was the first to
attempt to relate the geology of the Coast Province to its
groundwater resources. He showed how rainfall is related to

runoff, evaporation, and groundwater re-charge. By exploratory

meet,

at times,

cause,

on of Coast Province,

infiltration,

by gravity or,

Furthermore,
rolled quantities,
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drilling ha discovered some freshwater walls very near the sea-
He explained thia by saying that the sea floor is per­shore.

neable and therefore fresh water wells can occur near the shore
by virtue of the fact that fresh water floats on the salt water.

Supporting Gregory’s report, Sikes (1932) wrote, athere are
aquifers that transmit potable water through the Pleistocene
coral limestone and coral breccia. Thia water floats on top of
the sea water which penetrates through the sands, sandstones

Wells on the Coasteland sandy shales on which the coral rests.
Strip, where the catchments are suitable, sometimes strike the

but wells sunk at random frequently

ally only a shallow layer on tcp of the sea water, and overpun­
ping or deepening such wells may result in an increase in sail-*
nity by admixture with the underlying salt water.

Miles (1951) 9

vey in the Likoni area of Mombasa and showed that a high-level
fresh water-table feeds the water-table in the coral formation.
He concluded that a continous removal rate of 500,COO gal. per
day could be maintained from an area of 550 acres even during
the dry season without detrimental effect on groundwater supply
or its quality. This suggests a good recharge of groundwater

marginal area of groundwater resources.

Gentle (1968) reports that abstraction of water from the
north mainland up to Mtwapa totals 1.1-million gal. per day.

to this area which had formerly been classified by Sikes as a

niss them end reach salt water which had percolated from the 
by SikesseaB. The report . ^further shows that this fresh water is usu-

aquifers carrying this water,

as quoted by Gentle (1968), carried cut a sur-
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Analysis of two wells in this area showed that water of good
quality at high rates of pumping is available. Ke concludes
that careful siting of wells, using resistivity technique**
should snake it possible to obtain nore good quality water. In
the southern parts of Mombasa, a total of 2.G million gal. per
day was extracted from a group of 13 tube-walls during Gentle's
hydro-geological survey. This gave an average yield of 200,000

Thus high rates of punping likely can begal. per tube-well.
Figure I shows themaintained in the Southern Coastal plain.

distribution of high, medium, and low-yielding wells in Coast
Province.

Research dene between 1930 and 1SSS has laid a useful foun­
dation both relating to the physical aspects of dams and tube­
wells and to groundwater availability and quality which should
greatly facilitate the planning and implementation of future

However it must be pointedgroundwater development projects.
out again that groundwater resources have not yet been explored
fully and the total potential is still not known.

* This technique is based on the fact that electric conductivi­
ties of various rock types are poor, though they are, in fact, 
perfect insulators when quite dry. Their resistivity is a 
function of the nature of the rock material itself, percentage 
of moisture content in the materials, and chemical properties 
and ionisation factors of the soluble salts in the materials. 
Dense rocks with few voids, little moisture, and negligible 
quantities of salts have a high electrical resistivity. The 
resistivity of different strata variea inversely with the mois­
ture content of the material.
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Figure 1: Distribution of boreholes andCoast Province:
tuba-wells.,

Gal, per hour:
□ver IODO
200 - 1000
Below 200
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CHAPTER VI

THE TU3E-UJELL IN HOKEASA

6.1. Classification of Tube-uella

Ths tube-wells in Mombasa can be divided into three cate-
Thie clas-gories: bored walls, and drilled wells*

sification la based on the method of construction and is rela­
ted to the size cf the tube-well.

6.1.1. Duo Wells

This class contains the largest number of wells in Mombasa
District Dug wells are frequently used as a source of water

and for irrigation purposes. They
are dug where the water table is reasonably close to the surface,

Dug wells
The

loose material is hoisted to the surface and the hole is follo­
wed down with well-cribbing where the formation will not stand

concrete, brick, orby itself.

metal depending on the cost and availability of material. Dug
wells are usually between 6 to 12 ft in diameter and to 90 ft
in depth.

6.1.2. Bored Wells

These wells are often bored in soft unconsolidated materials
by means of an auger turned by hand or diesel power. The size
of the hole may vary from 2 to 30 inches in diameter. The auger
is turned in the hole until loaded, then pulled out and cleaned.
The drilling rods used to suspend and rotate the auger are usually

although - some may involve a depth of up to 100 ft. 
are usually excavated by hand, using a pick and shovel.

The well is lined with rock,

Dug wells,

ranches,supply for the home,
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cade of wood ox* hallow steal and may be any lengths from 3 to
30 ft. Casing is required as soon as the well reaches the wa-

Perforated pipe or a drive point and screen are
attached at the bottom of the string of casing and is driven in­
to the water-bearing beds or the casing is perforated all round
by means of perforating tool.

6.1.3. Drilled Dells

There are two types of drilled wells:
(1) Percussion drilled wells and (2) hydraulic rotary wells.

(a) Percussion Drilled Dells

These are also of two types depending on the type of equip-

Driven wells and (2)(1) Cable-tool wells.cent used:

(i) Drilled Wells

They areThese are the simplest form of percussion wells.

necessarily shallow and of small diameter because of the diffi­

culty in driving large pipes to great depth; in consequence they

are used to develop small water supplies for domestic or ranch

They are adapted to soft, granular, formations which areuse.

Difficulties in driving the pipeeasily penetrated by the pipe.

through boulders and other obstacles limit such wells to shallow

depths usually between 100 - 150 ft.

<W Cable-tool wells

These are drilled with a portable drilling outfit, usually
powered with a petrol or diesel engine. Wells drilled with the
cabla-tool equipment are usually over 150 ft deep.

tar table.
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(b) Hydraulic Rotary Idalia

These are walls of wider diameter and greater depth drilled
with a rapidly rotating bit. 24 in.The diameter ranges frca
to SO in and the depth to over 150 feet.

For all types of wells the yield is influenced by the dia-
For example a 12 in. diameter well willmeter of the well.

produce 10 to 15 percent more water than a 6 in. diameter well,
while a 48 in. diameter well will

produce 20 to 35 percent more water than a 12 in. well (Tolman,
1953). Most shallow wells in Mombasa have high yields of water

owing to their large diameters.

6.2. Characteristics of Tube-ldells in Mombasa

Nearly all tuUa-wells in Mombasa are dug with manual labour.
Most of the drilled and bored wells (boreholes) are found in

Drilling and boring of theusually on ranches.
wells is done by gazetted drilling contractors who are appointed

while digging of the open wells (dug wells)
is dene by local Arab contractors. Table 6.1 shows the charac­
teristics of the tube-wells in the study. It will be observed
from this table that the depth ranges from 40 - 90 ft and the
diameter from 6-12 ft. All the wells have a shallow soft la­
yer ranging between 5 and 15 ft and a deeper rocky layer. It
was not possible to get detailed data on salinity, therefore
this has simply been described by the terms sweet and slightly
salty. Sweet water in this casa means water that is close to
river water in salt content. All of these wells were dug manually*

all other factors being equal,

other Districts,

by the Government,
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Table 6.1 Mombasa District: Characteristics of Tube-Wells

Depth

Regular Seasonal□ f wall of rock
soft hard

ft
Wells with slightly salty water:

?
1 965 65□ x
2 45 40 1055 x
3 40 1250 6 10 x
4 £5 GO 85i 7 x
5 8SO 5 15 75 x
5 770 61.58.5 x
7 40 a52 10 x

40 108 4 6 36 x
S 64 68£□ 12 x

10 5670 14 75 x
11 1268 4 599 x

1212 601070 x
13 765 5015 x
14 45 8SO 153 x
15 84 5770 13 x
16 5460 126 x
17 107590 15 x
18 48 760 129 x

Wells with sweet waters

19 669 975 10 x
20 6370 1012.5 7 x

578.8 966 5.4
T

Source: Survey results.

fj

Diameter 
□f well

Nature of water 
flow

of water

3.5
8

4.5
4

3.5
4

i
!

I s

I Well
‘ Number

—
Avera­
ge
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Legal Procedure of Tube-Wall Construction6.3.

The large-diameter shallow walls in Mombasa have not in tha
past bean subjected to a long application procedure for obtai­
ning permission for construction. The farmers could dig these
wells anywhere in their farms at their own discretion. In recent

the Ministry of Water Development has strengthe­

ned its Eroundwater Investigation and Drilling Division which

now requires that all proposed wells be applied for with an

application fee of M.Shs.100. The application passes through

the District Agricultural Committee for recommendation end later

to the Ministry of Water Development for approval. For large-

the local contractors take tha contracts.

Local knowledge and experience of these contractors often gives

a useful lead as to the probable success of the tube-wells and

therefore a prior geophysical survey is not necessary. However
there are cases where dug wells fail to strike water or there
is a high inflow of sand thus capsing well failure. For small­

diameter deep tube-wells the Ministry of Hater Development car-9

ties out a geophysical survey and selects the tube-wall site

using the modern electrical resistivity method. The Ministry
then appoints a gazetted drilling contractor, who is required

to follow all the necessary instructions as follows:

Cl) Drilling on the exact site.
(2) Diameter of the well and depth must be exact.
(3) Taking measurements of strata passed through and

sending the specimens to the Ministry.
(4) Taking measurements of level at which water is struck

and sending water specimens to the Ministry.

years, however,

diameter shallow wells,



- 77 -

<5) Pumping tests must be done properly, 24 hours being
the standard pumping test time.

If the tube-uell use intended for irrigation or livestock
then the Ministry of Water

Development meats 75 percent of the construction costs and the
applicant pays only 25 percent of the costs. However if the

the applicant pays all the const-
A full hydro-geological knowledge in the Districtruction costs

end ths country so a whole is essential because lack of it leads
to uncertain prospects of striking water and the Ministry in-

Hcwever, withcurs a considerable loss due to well failures.
improvement in the modern electrical resistivity method, it is
hoped that well failures will be minimised.

6.4. Utilization or the Tube-wells

6.4.1. Frequency and hours of pumping

The extent of utilization of the tube-wells generally is mea-
rued in terms of the total number of hours run throughout the

determined by the daily pumping tine and the frequency of
irrigation.

All the farmers in the sample were found to irrigate each
plot every third or fourth day so as to maintain the moisture

Pumping is done for 7 to 10 hours and one-at field capacity.
third or a quarter of the farm is irrigated every day in rotatl-

It was not possible to obtain data on the distribution ofon.
working hours by months for tha two types of pumps, but the
diesel pumps were reported to have a poorer performance than

purposes end it happens to fail,

tube-wall becomes successful,

year,
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Ths number of pumping hours per year dependsthe electric ones.
on the daily pumping hours and to a lesser extent on the fre-

The average daily pumpingquency of breakdowns of the pumps.
with pumping usually done some time between

7.CO a.m. to 12.00 a.ra. and 2.00 p.m. to 9.00 p.ra.

6.fc.2. Irrigable capacity or culturable command area

The best indicator regarding utilization of tube-wells is
the extent of the area irrigated in a year known as "Culturable

or irrigable capacity (Chowdhury, 1971). A great
divergence may occur between the amount of water pumped out in

a season and ths amount that actually reaches the fields for

Thia divergence is influenced by the natureuseful purposes.

which determines the amount of water lost through

which determine the water

loss through evaporation. It was found that the acreage irriga­

ted by each tube-well in the sample, known as its irrigable capa-

is limited to a great extent by the size of the farms

and less so by the capacity of the tube-well. .In fact 70 per­
cent of the farmers interviewed indicated that they could expand
the irrigated acreage if wore land were available. Although
the irrigable capacity of a tube-well is difficult to assess

it is generally felt by most farmers that a tube­
well of 10 ft diameter fitted with a pump of 3 in. suction and
35& in. delivery pipe will have qnough discharge to irrigate 30 -
35 acres in one season. Thus it is apparent that most of the
tube-wells in Mombasa are underutilized.

seepage0 and the climatic conditions.

correctly9

time was 9 hours.

city,

of the soils,

command area0
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The irrigable capacity of a tube-well ia governed by the

rate of discharge per hour the type of land to be irrigated» »

The dischargeand the nature of the crops to be irrigated.

rate per hour for a particular size of engine and pursp ia of­

ten given fay the manufacturers but this rate is rarely achieved

in practice.

6.5. Costa of the Tube-Hall Projects

6.5.1. Construction Costs

The cost of sinking tube-wells in Mombasa depends on the dia-

and the geological formations encoun-

All the wide-diameter shallow wells are dug by localtered.
Through personal ccmmunica-Arsb contractors through hand work.

the author was able to estimate the
□ne group of contractorscosts of the tube-well construction.

based their charges on the geological structure encountered end
another group had a uniform charge of Shs.60 to 70 per ft depen­
ding on the distance of the well frea the town. These are labour
costs only and the owner of the tube-well has to provide the

Table 6.2 showsand sand.
the construction costs of the tube-wells in the study.

6.5.2. Cost of Pump-shed 'and Storage tank/Stillino basin

To provide the engine and pump with protection against wea-

all tube-wells are covered with pump-sheds.

All the tube-wells under study were provided with suitable sheds

of various sizes, varying from simple open sheds thatched with

coconut leaves to stone-walled sheds with corrugated iron roof.

cement,

meter.

building materiels - stones.

tion with those contractors,

the? and thieves,

depth of the well,
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Table 6.2 Study 31'22! costs cf Tube-walls

?

Total Cost

K. Shs.K. Shs.Shs.ft ft ft

1. 2804£5 S3
45 2152. 505

3. 23550 6 56
300G5 7 72

SO 95 395
30073.570 3.5 !

7. 5450 4 220
8 40 4 19044

3109. 70 755
29010. 74468

i 30574.570 4.5
28012. 465 69

13. 2605360J
14. 3207470 4
15. 265SO 63.53.5
16. 41090 988
17. 330GO 699
IS. 3508575 10
IS. 34570 82.512.5

8,0557,75766 298715.5

Source: Survey Results

Well
Number

!
5

Strainer 
Length

Total
>; Depth

I
I

8,oao 
6,065 
8,035 
6,800 
9,895 
7,300 
6,220 
5,190 
7,210 

10,966 
11,295
6,455 
6,260 
7,320 
9,675 
9,410 
8,130 
9,550 
9,245

Coat of 
Pipe £ 
Strainer

Cost of !
Sinking

i

i

5.

I

1I ) 5
6.

7,800 
5,850 
7,850 
6,500 
9,500 
7,000 
6,000 
5,000
6,900 

10,676 
10,990
6,175 
6,000 
7,000 
9,400 
9,000 
7,800 
9,200 
8,900

—

Average

l 
K.

| Pipe
< Length

11.
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fill have either storage tanka or stilling basins which help to
"break" the force cf water pumped from the well before it is
led into the field. The stilling basins are also used for wa­
shing the vegetables and fruits before packing. The costs of

the pump-sheds and storage or stilling basins are shown in

tables 6.3 and 6.4.

6.5.3. Coat of Land-Levelling, Field Channels, and Land Rent

A major disadvantage of flood irrigation is that it requires

a considerable investment in land-levelling and subsequent cons­

tant attention to maintain the levels and smoothness. More skil­

led labour is required to apply .water evenly and to avoid waste
through excessive run-off and water-logging in fields which are

The cost of land-levelling depends on thenot completely level.
whether the land has ant-i.e.

The land must be levelled inand high spots.

such a way as to allow water to flow slowly from the tube-well

into the fields. The field channels can be permanent, seoi-per-

Oi* temporary. Permanent and semi-permanent channels re­

quire frequent cleaning-out due to luxuriant growth of weeds

within the channels. Semi-permanent channels are ploughed in

after 3-4 years, but temporary channels are ploughed in after

the end of the crop season. The annual canal maintenance cost

has been estimated at Shs.1000.

Land is usually rented to the tube-well operators by land­

lords on a monthly basis. Although a few farmers operate tube­

wells on their own farms, this study has assumed a monthly rent

of land for all the sample farms. The land rent, the costs of

manent.

gradient and nature of the field.
heaps, hollows,
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and of constructing field channels for the tube-

wells are shown in the tables 6-3 and 6.4.

6.5.4. Energization of the Tube-Ldalls

Tube-wells in Horabaui a-re powered with diesel engines or

The diesel engines use light diesel oil (LDD)electric motors.
or high speed diesel (HSD) as fuel and supply power to the

whereas tha electric motors convert electric power into
Usingmechanical energy to operate the pumps for lifting water.

such diesel engines as prime-movers of the pumps is termed die-

selisation and the use of electric motors as prime-movers of

In the earlypumps is termed electrification of the wells.
years most of the tube-wells in Mombasa were run with diesel

but in recent years the urban areas has gra­
dually encroached on the rural area, resulting in increased
rural electrification. Quite a number of farmers having had a
disappointing experience with the old diesel engines end pumps,
and believing that electric pumps are probably cheeper and more
convenient to run than the diesel pumps, have changed from the

latter to the former, and many more have already submitted their

app3.ications to the East African Power and Lighting Company for

pumps.

land-levelling,

electricity supply*. The costs involved in this change are dis­
cussed at the end of the chapter.

engines and pumps,

* Electricity supply is the responsibility of the East African Power and Lighting Company, but the applicant is required 
to pay for power connection from the nearest power line. 
Electricity supplies are provided by means of overhead or 
underground lines at 415 volts, three-phase, four-wire 50 c.p.s. alternating current.
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Table G-.5 Sc.uple Farm-? i. Oust of erininen and pumps
..--------

.Size nf
pump

p* pH
Y»a.r-p K. St,:?.in in

1 .5 1973 10,.0902.52 i

I

18,600

Diesel pumps

17,00019.0 10-12

10,20015.5

Source: UJiggleswarth Company

1*11

Delivery Suction 
pipe

Average 
for 
Sample

Make of 
engine

Average 
for 
Diesel 
pumps

Electric pumps
Coat of 

engine R 
pump and 
inetallh- 
ticm

Oxpeuted 
life

Ruston 
Ruston 
Ruston 
Lister 
Lister 
Ruston 
Ruston 
Ruston 
Ruston
Lister

3
3
3
2

1.5
3
3

2.5
2.5
1.5

2.5
3.5
3.5
3
3
3
3
3
3

20,000 
27,000 
27,000 
23,000 17,non 
17,DUO 
15,COO 
15,000 
15,000

Not 
applicable

24,000 
18,000 
24,000 
12,000 10,008 
22,GUO 
22,ODO 
18,0uD 
18,000 
10,000

1969
19G5
1970
1971
1963
19 GG
1969
1972
1972
1959

7
8
9

11
14
16
17
13
19
20

24 
20 
28 
12
8 

24 
24 
20 
30
8

H.P J Year c-f 
PuTC!if:8E!

1974
1974
1975
1975
.1964
1967
1972
1970
1366

2
3

2.5
2.5
2.5
2.5
2.5
2.5

3.5
- 3.5

3.5
2.5
1.75
3.5
3.5
3
3
2

?.
3
4
5
6

10
12 
■13
15

12
20
20
15
10
10
7

7.5
7.5

Average 11.4 10-15



86 -

Three types of diesel pumps are used in Mombasa: Ruston
and deep-well turbine pumps;pumps, Lister pumps and two9

types of electric pumps - jet pumps and submersible punps are

The sample showed that Ruston pumps and Lister pumpscommon*,
were the most common and ranged in size from 3 to 30 Hp. Table
6-5 shows the prices of different sizes of engines and elect-

The initial cost ofric motors and pumps for the sample farms.
electric pumps is much higher than that of diesel pumps.

G.5.5. Cost of Running the Tube-tJells

Tube-wells are operated by the owner-cultivators whose oppor-

No othertunity cost has been used in assessing management cost.
expenditure is incurred by the operation of pumps except the

and repair and
Table 6.6 and 6.7 show the cost of runningmaintenance costs.

Allthe diesel end electric pumps under study in the year 1S75.
the diesel engines in the sample use light diesel oil (LDO) ,

which is the cheapest type of die-popularly known as crude oil 9

The farmers reported that although this lightsei in the market.
diesel oil was comparatively much cheaper than the high speed
diesel (HSD)t it made the diesel engines breakdown mope frequently
resulting in increased repair and maintenance costs.

As would be expected, the annual cost of power is directly
proportional to the acreage irrigated for both diesel and elect­
ric tube-wells It is also observed that diesel pumps are more
expensive than electric pumps. Diesel engines lose a considerable
amount of power with age and therefore more diesel and oil has
to be used for the same power output as the engine gets older.

cost of diesel or electricity, lubricating oil,
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Annual cast of operating diesel .Table 6.5

TotalCast par year

Total□11 OilDiesel

AcresHoursK.Shs.

?

14.92,94166 3,363537

Source; Survey results

Table 6*7 Annual cost of operating electric

3b!a 11 Number
Cost

AcresK.Shs. Hours

Average 31314,930 7.561.2

Source: Survey results

1 drum contains 200 litres.a

Pumping 
time

Area 
irrigated

Area 
irrigatet

Sample Farms : 
pumps, 1975

18,575
12,854
21,852
8,647
3,539

3305 
3212 
2950 
3312 
3570 
2750 
3800 
2900 
3290 
3000

1 
2 
3 
4
G 
10 
12 
13 
15

7
3
9

11 
14
16 
17 
IS 
19
20

3,000 
4,200 
7,800 
9,360 
7,080 
2,700 
4,800 
3,540 
3,960 
3,360

EDO 
460 
725 
300 
183 
840 
SCO 
720 
1350
262

5
6

15
10.5
14
3
7
6
4.5
4

15 
14.5 
15
6
2.5

18.2
20
25.7 
33
5.6

34
55

150
120
90
30
60
41
44
38

72
46
72
24
12
96
96
So 

120 
24

2,900
2,700
3,155 
2,500 
2,670 
3,120 
3,465
3,300
2,950
2,600

Total
Pumping time

Electricity
Aiscunt used

7

•'
i
I

i
5,112 
2,555 

20,448 
j 20,448 
; 23,443 
i 25,560
' 4,992

I

Sample Farms: 
pumps, 1975

_____ ___
1 12,506

3,300
2,640
3,950
1,535

694
4,620 25,058
4,914 I 25,363
3,980 J 24,408
6,600 32,160
1,320 | 6,312

3

17,678

Litres |
| 15,275 
10,224 

§ 17,892

Average '

Usll | Amount par 
Number* yasr

■ - . .................. -

s Dxessx {

il

| Kuj. Hrs.

tS M w«.« J

I
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Electric pumps are on the other hand fairly constant in power
output and the pump capacity does not appreciably decrease with

Diesel pumps also require bigger pump-sheds than electricage.
pumps with the ssine power output.

To derive the greatest advantage from tube-wells, pumps
must be maintained in good running condition* Breakdowns occur
from time to time in both types of pumps although a higher fre-

Diesel pumps requirequency was reported for diesel pumps.

The operator must therefore have some tech­

nical experience in operation of diesel engines and also be able

to perform minor repairs if the pump is to run throughout the

and beltsyear without major breakdowns.
are the items that need regular replacement. Electric motors
on the other hand wcan give several months of trouble-free ser­

vice with minimus maintenance. The only major problem with

electric pumps is in short-circuiting which burns out the motor.

The exact cost of repairs for these pumps was not available, but

most farmers guessed that these costs would run to Shs.5,000 on

the average for diesel pumps and Shs.3,D0Q for the electric

A few farmers reported that unavailability of spare partspumps.
ar.d qualified mechanics results in considerable waste of pumping
time.

8.5 C??opoinq Pattern and Cropping Intensity

Irrigation involves a considerable amount of investment and

working capital. It is therefore imperative that high-value
cash crops must be grown for irrigation projects to be success­
ful. The types of crops grown and their market values are

regular maintenance.

Bearings, bush shafts,
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important factors which largely influence the profitable use
cf irrigation water. In the light of Penman*a most important
finding that all crops use the same amount of water under the
seme climatic conditions and within the same growing period,
experienced farmers grow only the cost valuable crops at any
particular time. The cropping pattern in Mombasa is ouch inf-
luenced by the availability of good-quality water, assured

market price of the crop during that season, enough
labour during that season and crop rotation requirements. The
cropping pattern of the sample farms is shown in table 6«B.

A tube-wellno rigid cropping pattern exists.

farm may have as many as 10 different crops in one season and

probably as few as 3 crops in another season depending on the

above-mentioned factors. Many farcers however have tried to
maintain a fairly constant number of crops for purposes of
risk aversion.

As shewn.

market.



- 90 -

on
CD

CDc CO. .?>

2 <Ji rc S

I
1X3 9

a)

I
81 1 91iX3 <2 L4 J m sLC

CD I!I : r\3 a
tn

399 3

0 I-' (X3 9J 0 00m ui j
Ln

8II039

IlliII Ii in 3 01 II

I03 I inro 1

J.
1

m 
►i

ra re

-c c

CD

o 
7C 
»3 
Cl

Q

CD 
Cl 

 
 
 

01 

tn 
ci 
3 

T3

3 
H 
3 urf 

CD

33 
O 
4 
(3 
CD

Lj. 
01

Q 
C n c 
3 
CT 
CO 
>0

IT>
J2

£T>

ca.n 
■a 2

 
ci to n m— re

-i 
a 
O’

ra

7ij 
 co 

c
-o 
to 
£ 

TJ 
01 
E 
u

CJJ g 
u. 
‘•J 
Cl 
(J

c
O'

33 re
a i

 
dr 
dr
03
►1 
2

rn c
< ra

I

-i 
a 
3 
01 
c* 

 
re 
a

n 
h o 
■a •o 
i— 

 
IO

I
1

O 
o I u»

[*O >--* j—* J—* l"i?—»—* I*** H- J'*J \£a<oiLii£'UN;-‘000'JtriutrwMH 
uoow*>a®*edw*«*******

T3 tn ra e •o re 
n a 
ra cr 
4

□: ui ra E 
h* ro a ra 
 rr 

CD

tXD

5-> W
HHMJSHN^NUl W M 1X3 «S3 H'

I I

I 1X3 9 I

I 9

JSl M >“* •

J M 9 I i I

19 119

I 1X3 1 I

i>4 rxi f-* tx3 9 9

9 t 0 I I

I I 00 I H

I 3CX3 <X3 9~• S 9

3 9 3 13 1

9 i t ^birtn I i i

!—• J-> I-"

O O
Mo h-MMi-J-'H'l-’*

U1 U1



- 91 -

Thj cropping intensity in ths tube-well farms is higher

All the seasonal crops canthan

un twice or thrice in a year due to the availability of

uf special interest is the Chinese spinach (mchicha)wet-.r..
with a gaud supply of water and manure, can be grown aswhich,

A major contrast in both ths crap-r.niiiy as J times in one year.

attorn and the cropping intensity is found in the neighbtw-pinj

In these farmsin.; »’arms where irrigation 5a not practised
Moot farmers grow eitherr-ing intensity is restricted.

•;:? cassava in the long rains intercropped with widely-

In the short rains they may

w cither another maize crop or cowpeas if the rains are enough.

however, hardly enough for a crop in sone

in which case farmers end up with only one crop per year.yuurc,

Another striking difference between irrigated and non-irriga-

t'.;.': forming in found with the perennial crops, bananas and paw-

Unirrigated bananas take 18 months to produce the firstpews.

err”. while irrigated bananas start to yield after 11 to 13 months.
Table G.9 shews the relative cropping intensities for irrigated
vcrcL's unirrigated crops.

brinjals, pawpaws, and Chinese epinach are the most papular
crops as shown in table 6.10 based on percentage of farmers who

However, in terms of total acreage (table 6.S) thegrow them.

rrc’r-r is bananas, pawpaws and brinjals. This is a reflection

of the high demand for these vegetables in both the Mombasa and
export markets.

Tiieor- short rains are,

at r:f non-tube-well farms.

ncnaad cashawnuts or coconuts.

be gut-

thi" rz
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Tebin fi.C. Study areas Ci’oppino intensity

C\

2S63

□yin ‘z'.u 20012

2009 1

Cu-::; Kot grown2
uk.. Not grown2

Not grown2

Ur. 20012r-E'.:
Toronto 20012

! 0a>w:uc

Source: Survey results.

jI

Chinee..*
Spinach

Sit::-'!;
n-1 -no

jer wear
Unirrigated 

No.

IPerennial
I
I
j Perennial

««i-
' Irrigated

I J r.

j-crnnnial

i erermial

Int&neity of cropping for 
irrigated relative to 
unirrigated crops
(Column 2 )$ 100) ♦ Coluan 3 
-__ __  _ ___

1 PaU.ULK’.

.<t .i *.-».« a»A* *a** mau v

a

-
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Horticultural crops grownTable EwlQ Sample Ferros:

•~"
Farmers who growL'ame of Crop

%No

SO18Srinjals I
6517Peupaus
7515Chinese spinach
6C12Eananas
5511Chillies
40o□kra
357Tomatoes
306
153Cucumber
153Sweat .melons

Source: Survey results.,.

2 
!

Sweet pepper
2

I 
I

I
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Lsccur Requirements and Costa

A major disadvantage a? flood irrigation is that it requires

constant attention in maintaining levels and smoothness. More

Al-serai-skilled labour is required for applying water evenly.

though nieny tube-well farmers in Mombasa are fond of casual la-

which they argue ia mere efficient than

they nevertheless prefer tn maintain a feu per­

manent labourers who have gained some skill in irrigation work.

Table Eoll shews the number of permanent end casual labourers

Employed in each sample farm. An average of 3.7 permanent la­

bourers end omS casual labourers are employed per farm of 11.5

labour amounts to an average of 1.4 per farmFamilyacres.

but this is mainly used for supervision. The total labour thus

or about one adult per acre.

Many farmers reported

especially in April and May .when the casual labourers preferson

to work in their own plots. The shortage of labour during this

farmers who are far from Mombasa Town.season affects mostly

These farmers sometimes have to pay slightly higher casual wages

to attract labour Casual labour is on the average core expen­

sive than permanent labour if hired full-time. It amounts to

Shs.213 per labourer per month as compared to She.197 for per-

uianent labour. Family labour has been treated as the management

end is therefore valued at a high opportunity cost. Most of the

tube-wells ere operated by Indians who have at one time been

building contractors earning fairly high incomes. The manage­

ment has therefore been costed at Shs.l»ODO per month. Although

6.7.

averages 12 edults per farm,

regular labour8
hour and piece work,

a shortage of labour in the wet sea-
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»'

it xs taken as a compromise between a farmer and aerr. ./:■
family labour is composed of the farmer himself and

since Indian women do not work on

annual cost of family labour amounts to

xr rin underestimation of the opportunity coat of a

his c.L'.-s ebova 15 years old,

. u;s/,. IwjC.uu and that of permanent labour to K. Sha.8,7WJ.
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Tubtf-uell Faros: Labour requirer.’.2nt end castTabla £.11

Acreage? Wages for Labour

Acres

8

J

I

.1

I
7.1019611.51.46.9 123.7

Source: Survey results

i

I

9.30 
8.00 
7.00 
7.50
7.00 
7.00 
7.00 
7.00
7.00 
7.00 
7.00 
7.00
7.00 
7.00 
7.00 
7.00
7.00 
7.00 
7.00 
6.00

i

1
1

}

□ 
2 
2
2 
2 
X
2
X
1x 
x
1
1
2x
2
2 
1

2J

j

I

300
2CC
209
190
193
193
ieo
210
180
200
180
200
200
200
200
180
190
200
180
165

I 
i

k

S
2

4 I

6
9

16
14
14
5

15
12
14
12
6
8
5
6
7

24
22
19
23
4 .

2
3 
a 

io
7
□

13
8
9
7
3
4
2
2
3

IS
15
12
15
2

4
4
2

2
2
3
4

a
7
X

5
6

15
10.5
14
3

15
14.5
15
7
6
6
4. 5
2.5
4
18.2
20
20.7
33
5.6

1
2

4
5
5
7 
rj

9
10
'! 'J u.
12
13
14
15
IS
17
18
19
20

!
|

I3i
JI!

I

permanent! Casual 
| per month! per day
|K.Shs.

I
I

i\!e «

I

TubE-ijell| Labourers

r j f $ i4 Casual ; rer;:.snar.t H-a-illy J Total f, 
fl j jI Wo.
i.1

L_______ t

Average j
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6.2. 7?8nsn;;?t and Marketing Costs of Fruits snd Vegetables

Transport costs are an important item a? total costs. Most

farmers prefer to sell their farm produce in the Kaembe Tayari

Alluhclesele market as they feel they can get a better price.

the farmers in the study have either farm vehicles or handcarts

Although Mwembe Taya-to transport the vegetables to the market.
ri wholesale market is the main outlet of the vegetables and
fruits grown in Mombasa and Coast Province as a whole
minor marks ting channels exist for specialised horticultural

Figureespecially those with irrigation facilities.

2 shews the main market channels for fruits and vegetables in

Ship-chandlers and fresh fruit and vegetable

exporters require high-quality produce which must be supplied

All the farmers interviewed complained of high trans-regularly.

costs but agreed that they obtained higher prices in theper

market than they would have received had they sold their farm
Transport costs have been coveredproduce at the farm gate.

in this study by annual running and maintenance costa of farm
They therefore are assumed

net to vary with the size of the enterprise. The marketing

system necessitates the use of the farm vehicle every day.

The annual costs of transport are shown in table 6.12. Market

cess is collected foi' all produce entering the wholesale mar-
but it was difficult to determine

the total amount of cess because some farmers sometimes got
away without paying by giving small tips to the cess collectors.

vehicles estimated at Shs.12,700.

ket on a container basis,

Mombasa District.

producers,

, other
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Figure 2:

& MACKINNON MARKET

Hoteliers

Retailers

.V

Source: Survey results
9

l\

i

Sis* of flo'.? diagram indicates the relative importance of the 
channel„

Rural consumers 
a£ the farm gatev\

\ »\l

7}

He--tie u Vtu rsl Producers

riL-EMEE TAYARI AUCTION RIPS

?

I n v\ v\
\/\

Urban consumerif

<

Major Channels" for Fruits and Vegetables in 
s-ienbasa District3 1975

exporters cf
Fresh Produce

I ..S h 1 p - c n e n d 1 sk- s'
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Assumed cost of Transport to the MarketTable £.>12

life
s

Years
1
2

5
G
7

105 I
t

20

35,012

Source: Survey results

*

I

This cost includes the running and maintenance, and the estioated 
annual depreciation.

35,550
49,500

300

17
18
19

11
12

10
15
10
10
15
15
15
15
10
10
10
15

10
10
10
10
10

I

15
10

l J
| i?

300
300 

85,000 
41,000 
66,250 
47,200

300

i 
■i

l

13
14

9
10

15
IS

11,£55 
IB,515 
10,037 
13,637 
11,534 
2,150 

17,337 
27,740 
27,740 
2,150 

11,315 
7,665 
2,190 
2,190 
2,190 

25,260 
13,960 
16,425 
22,530 
2,150

60,000 
50,000 
30,000 
32,503 
52,000 

380
36,000■ 
61,000 
66,500 

300

3
4

Tube-usll j Ku'ca and ir.sdel of 
La. I the vehicle

I
I
1

Currant value IExpected 
of the vehicle!

n.ShSo

s 
T

I

I
Average

I
12,749

| 1972 Vbl Microbes
| 1972 3-tcn Sad Ford ]
f 1588 Peugeot Pickup
< 1570 Harris Pickup
1575 Datsun Pickup

, Handcart
» lS7u Peugeot Pickup
j 1973 5-tcn Bed Ford
1972 3-tcn Eed Ford j.

j Handcart
/• 1974 Mazdaj| 1973 Peugeot Pickup
| Handcart
| Handcart
Hsndcart
1974 Land Hover
1973 Datsun
1973 3-ton Sad Ford
1973 Peugeot

j Handcart

Annuel 
scat cf the 
vehicle*

K.ShSa

}

§ 
p’

!
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S.9.

Ccsrsp er isons cf the tuc alternative tube-well systems -

diesel and electric - ie shown in table S.13. The performance

(1)of the tub systems can ba judged by two indicators: Annual

(2) Acre-inches of water pumped per year.

though a batter indicator of performance, has not

been used for ccvnpsriscn in this study because sufficient data

the rates of discharge were net available. The annual hourson

of operation cf the tube-walls ware calculated by multiplying

ths daily working hours by the numbar of days par year that the

Sines most farmers could remember the nurc-

th= year 1975 whan the pumps ware cut of order,

it was easy to determine the number of days of operation.

Total average annual cost of operation per acre of irriga­

tion is IS percent lower with electric pumps than with diesel

The cost cf the electric .connection was charged ever apumps.

2D-ysar period hut in reality this should be charged over a

longer period because electric poles last longer than 20 years.

The average cost per hour of operation works out to Shs*S.3 for
diesel pumps, end Sha.3.5 for electric pumps. This big diffe­
rence in cost can be explained by the fact that the diesel pumps
in the study ere much larger than the electric pumps (electric
pumps being only

However the average cast of power per acre irrigated is 44 per-

pumps were operated.

C-ar.o^^risrn a? Alternative 7uhe-;.jell Systems 
(Diesel Tuhe-lJa 11 s versus Electric Tobe-Mells)

hours cf operation;;

cent cheaper far electric pumps than diesel pumps. This suggests 

that the cost of electricity per unit of power is cheaper than

The second,

a little over half the size of diesel pumps).

bar cf days in
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Table 6.13

UnitItem

-

1010

5811.419.8H.p

Investment

18,60018,200Shs.

5,100u
11

23,300u

4,96017,687u

u
tt
u

Performance
3,1312,941Hours

507.514Acres

566641,183Shs.

1751,632929Shs.

Computed from survey results.Source:

Investment and operating costs of Diesel and 
Electric operated pumps in the sample farms

8.30 1,628
3.50

1,380

Electric in 
relation to 

diesel
%

42
84Shs.a

Time worked per year
Area irrigated per 
season
Average operating cost: 
per hour of operation 
per acre irrigated
Average cost of power 
per acre irrigated
Initial cost of pump 
per unit of horsepower

Wells in sample
Average size of prime 
movers

1,826
5,000

24,513

2,492
3,000

10,472

3,680
13,905
38,185

Engine and pump 
installation
Pump-shed and storage i 
tank
Electric ccnnsction
Total initial investment

No.

Annual ooeretino costs |
Cost of fuelg lubricants 
and electricity
Depreciation (or Amorti­
zation)
Repairs and maintenance
Total operating costs

Type of pump
Diesel Electric
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the cost of diesel for the same power output. The initial

cost cf electric pumps is. however much higher than that of

diesel pumps per unit horsepower. As the figures in the table

a 20-Hp diesel pump costs nearly the same as an 11-Hp

electric pump

These observations however give only a general idea of the
total operating costs at a particular level of operation. They
do not indicate how cost components would behave at lower or
higher levels of operation. At the present level of operation

the farmer can save Shs.243 per acre irri-of the two systems 3

gated annually by investing in an 11.4-Hp electric pump rather

than a 19.3-Hp diesel pump The electric pump however requires

a high initial investment due to the electric connection which

may offset tha difference in operating costs of the two systems.

All tha farmers interviewed favoured electric pumps for

their convenience in operation and non-requirement of high tech­

nical skill. Operation of the electric pump just involved

“Switching on and off” the switchboard, whereas it is not easy

to start a diesel pump without previous experience.

show,
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CHAPTER VII

E'JTERPRISE PROFITA3ILIT?

7.1. Sa-neral Intrcductisn

Hcrtloultural farming with irrigation is both capital and

labour intensive* Escausa of tha high costa involved in supp-

cnly the most valuable crops can ba

In order to secure satisfactory returns from irrigation

the farmers must have knowledge of the important fac­

tors effecting returns* They must also be proficient managers

capable of taking advantage of every opportunity to secure inc-

For successful irrigationreased returns frcui their crepe.

Farmersexperience in irrigation work is essential.

This is important because expensivemust know when to irrigate

water may be wasted through over-watering. Secondlyt it is

essential than the farmer have a high degree of managerial abi­

lity and be able to accept new ideas and innovations. Response

in yields due to irrigation is only realised at high levels of
fertilizers and manures. Uithout

good husbandry practices money spent on irrigation would be mo­
ney lost in the drain* Successful irrigation also requires that
a farmer have first-hand market intelligence so that he can sake
quick decisions on types of crops to grow, how much of each crop
to growc end in what seasons to grow them The aim should be
to grow crops that hava the highest return per acre-inch of wa­
ter applied. Although the Horticultural Crops Development Autho­
rity in Kenya has been collecting weekly prices and disseminating

lying irrigation waterj
grown profitably.

farming,

complementary inputs such as

farmings
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them through the press and radio to help growers, wholesalers,

and cenaumars in decision-leaking and to aven-nut

the most successful irrigation Tamars

have always had tc get first-hand information on the supply

the various horticultural crops.

Ecad irrigation farmers staggar the planting dates of

various crops in such a way that the crops mature at different

times- This is one of the advantages of using irrigation water.
In this way the farmers get a regular income by maintaining a
constant supply cf produce

In this chapter the production costs of the important fruits
and vegetables have been estimated and gross Eargins calculated.
An analysis of the composition of the costs of production can
give soma idee as to what changes may be made on a particular
farm to improve its economic prospects. Gross margins have been
calculated for ID different crops which were predominant in the

The analysessample farms and which were grown as pure stands.

in this chapter also provide the framework for the profitability

Eppraisal discussed in tha next chapter

The production costs and input levels are fairly accurate

in the author’s opinion as field observations ware made during

the planting of same of tha* crops. The farmers were also willing

to discuss these costs.

guidelines and recommendations for Mombasa District. For example

manure levels cf up to 30 tons per acre are recommended for most

vegetable crops, but most farmers indicated that they used only

The input levels are considered average 

(not too high and net too lcw> as compared to the horticultural

price fluctuations9

retailersp

and demand of
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Tha yieldmuch guess-work had to ba dona.

figures used here are Just average Much higher yield figures

than tha cnee used in this analysis have bean reported under

Tha cost c? water accounts for the largest proportion of

total variable costs Ths annual coat works out to Sha.1517

Theper acre for Diesel pumps and Shs.lDSS fcr Electric pumps.

has been used in the calculation

This annual cost includes cost of fuel,

and repairs.

Only casual labour costs have been included in the gross

It must however be pointed cut that in severalmargin analysis.

esses it was difficult to distinguish between casual and permanent

labour. Permanent labour was taken as that labour employed for
that is distribution of water and mainte-

end casual labour was taken as that labour emp­
loyed to do the peak-period operations such as planting., weeding,

Sometimes soma of the permanent labourand harvesting
celled to help on the major peak-period operations, hencewas

the difficulty in correctly assessing the casual labour coats.

The prices used in the calculations of gross revenues of

the crops are the average market wholesale prices published or

recorded by HCDA at the beginning and middle of every month.

Although it is customary to use farm-gate prices in gross mar­

gin analysis

up to 20 tons of manure per acre.

higher figure for diesel pumps

of the gross margins.

coastal ccnditianso

a these prices have not been used because all the 
farmers interviewed indicated that they sold their produce in the

actual irrigation work.,

on ths other hand.

maintenance,lubricantsj

nance of canals,

spraying,

In the estimation of yields,
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Trans-whclcsnlu market where they could bargain higher prices.

pc., t other market costa have not been included in the total

vauirhl.: casts berceuse these have been treated as fixed over-

T.rannpnrt coat has been treated ae an overheadhead

cost L-uaauae the farm vehicle is used for transporting the vegu-
tei. the market and also for domestic and pleasure purpusuu.
It w 1 her afore difficult to assess the transport cost for ecch

■..! crop, hence ito cmiacion in the gross margin analysis.VEfj.

Sepc na?. fluctuation of prices was observed especially in the
wet ?n-r.an of April to June and the dry season July to March.
Thtts : prisas are shown in Table 4, appendix I. Monthly prices

of : i-: anti vegetables weighted by marketings were used in the

cnlculatinn cjf gross margins

?'"! th is study no attempt was made to determine the additional

For comparison, how-P”'

margins for the unirrigated crops in Mombasa were

obi:-

tin j -h-lln-ii and these data are given in Table 3, appendix
I.

ret’i ns ut an optimum level of irrigation.

7i.?: jrus/j margina for the ten vegetable crops are outlined

t-yjy do not have a stable market. They are subject to
grc.”.’.';: -? price fluctuations. Farmers cannot therefore expand

ovc:?3

' n af craps due to irrigation.

>..i thn Ministry cf Agriculture Farm Management Oist-

• .-s- attempt was made in thia study to determine the

in ••uh’jirjr farm in tables 7.1 to 7.10, Although pawpaws, toiaa- 

tos c, njaln, and bananas have very high gross margins per
cc??.-,



- 107 -

ths acrsags of these crops baycr.d s certain level because they
nay face marketing problems- Bananas and tomatoes for example

Thesetime in oversupply in the Hombesa market.sre from time

cammsditias era supplied to the Mcrabasa market from upcountry

grosses end from ether parts of East Africa. The farmers there­

fore choose to include in their cropping patterns other less

profitable crops such as chillies and subset pepper.

Double crapping has been assumed for all annual crops, and

therefore ths total production costa relate to the total costs

Similarly ths yield figures relate to annual yields

from the assumed tuo crops

•J

par ysaro
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r.r-rss Margins tar erase rrour? in ths aanqls7.2.

Table 7.1 Sr css Margin fcr Eanan.es

00
□0

1/- per
"3 use

0 0535£3 *'*^2

3220
90

cGO

00175
:• •

280230250

□0

540

S3

uauer psi' acre

par acre

Margin

Sourca: Survay results®

100
70

350
152

SO
0

50
ICO
70

2^33

1,000 
bunches
8,000
S.,000 ■

2,500 
bunches 

20,000

100
70

”540

Q
50
0

' Average annual casts c?
establishusat 2753 * 540 4- 540

= Shs.1278

3,000 
bunches 

24,000
20,000 s- 24,000

Shs.17,333

K.Shs®
150

Year,
K.ShsT"
0

?------
? Ly.3 
« r-

•j Oigri.-.g, plan

j Annual cost sf
j (Diesel tuhe-uells)
’ Total casts

L; Sroos
I
'■

! Value cr prscuca 3 Shs.8/= per bunch
> Average annual returns >

Type c? Operation Eoat pei* Acre 
1st Year 2nd Year 3rd

K.Shs.
0

'('■ 5

j Xu~
; b-2’: <_
• Di=nin
I ■■
I b?--vsetlr-r
| Tat al annual
j •r’*2.±MTr!SYields'"

J rentillcsv A

r..‘ r, 
. j J-

.u.'.uuys;
’■ ‘uiii”'1”.?-,

:j plar.tinn Materials
2 sprays uith Surer E cr DDT

■-• •

casts

"■ ~ ■■';• s t_t un_
c-rning and hseruulng

rti.-.g hales using 
j Casual Lebcur C50 r.a.'days) 
j Digging c? Irrigation canals
- ?A.~ntinci '•’ptrria 1 ra 
j Cau’c a/ sau_imgs u- 
! caad
j pcpulacisn a?’ 535 per

.... .- _ ip'?? :'. sat; nn 
li-j ug. usuals u^purpnssphsta

i 122 kg. Sulphate cf A;-.-..nonia
F.Y.Jh 3 larry luada (7 tenners) 

>■

i M-:an a.ut Manure Aqclicatim ! (2'5'33:

= 1517
» 1278 + 1517
«= Shs.2795
- 17, 333 - 2795
= Shs.14,538

Eanan.es
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Gross Margin for BrinjalsTable 7.2

Cost per AcreType of Operation

ICO

ISO

j

1525Total annual costs

3050

Source:. Survey result a.-

600
100
140

70

F-YoMo. 20 tons

Disease and Pest control
Harvesting and Packing (20 raandays)

K.Shs.
150
150

I Total annual costs (assuming double 
? crop)

Land preparation
(a) Ploughing and Harrowing
(b) Digging Irrigation canals
Mursery preparation and seedling 
raising
Planting using casual labourers 
(5 man’days)
Weeding (10 mandays)
Fertilizer application - 200 kg.
Sulfate of ammonia

t _ .
| Raxums •
I

. jYield = 10,000 kg. per acre
j1 Output for double crop — 20,000 kg. per acre

Value @ 1/m per kg. - 20,000
Total production costs per acre= Shs.1,516 + 3.050

= Shs.4,555/<=
= Shs.20,000 - 4566
= Sha.15,433/q
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Gross Margin for PawpawsTable 7-5

Operation
1st Year

K.Shs.K.Shs.K.Shs.

635385Total annual costs 1,685

Average annual costs

G=

acre

Gross margin per acre

Source: Survey results

Land preparation
Ploughing and Harrowing
Digging Irrigation canals

» Shs.25,000 - 2,668
= She.22,331

130
70

280
'500
300
105

150
150

0
0

280
200
300
105

0 
0

0 
0

(a)
(b)

0
0

280
200
300
105

Nursery preparation and seedling 
raising
Planting (10 mandays)
Weeding (40 mandays)
Fertilizer application
F.Y.M. (ID tens)
Harvesting and Packing (15 mandays)

Cost per Acre 
2nd Year 3rd Year

Returns
Yields
Value @ -/5D
Total production costs per

50,000 fruits per year
= Shs.25,000
» Shs.1,516 + 1,151
«= Shs.2,663

1,685 + 885 + 885 Shs.
= Shs.3,454 

3
= Shs.1,151
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Gross Margin for Chinese Spinach (Mchicha).Table 7.4

Per Year*Operation

K.Shs.K.Shs.

•7,9102,876

C3

C3

Source: Survey results

2,000
21 

350 
100 
105

150
150

2,000
210 

3,500 
1,000 
1,050

150
150

Returns
Yield per acre per season
Value (i? -/20 per bundle
Total returns assuming 
10 crops per year
Total production casts per acre

Cost per Acre 
Per Season

a 10,000 bundles 
Shs.2,000

Gross margin per acre

■» Shs.20,000
= Shs.7,910 + 1,516
Shs.9,426

= Shs.20,000 - 9,426
= Shs.10,575

Land preparation
(a) Ploughing and harrowing
(b) Digging irrigation canals
F.Y.M. Application (10 lorry loads 

(10 tuns each)
Planting (3 msndsys)
Heeding end thinning (50 mandays) 
Pest control
Harvesting and bundling (15 mandays)

* Land preparation, digging of irrigation canals and manure 
application is done once a year, but all the other operations 
are done 10 times a year, therefore the coats per year are 
10 times more than the coats per season.
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Gross Margin for Okra (Ladies Fingers)Table 7.5

Cost per AcreOperation

K.Sha.

2,115Total annual costs

Total annual costs (assuming double crop) /i,230

Returns

Gross margin per acre

Source: Survey results

Value @ l/° per kg.
Total production coats

Disease and pest control 
Harvesting

180
90

600
200 
•200

160
35

150
150

Yield
Output for double crop

Nursery preparation and seedling raising
Planting (5 mandays)
Fertilizer application - 100 kg. Double Super­

phosphate
100 kg. Sulphate of Ammonia
F.Y.M. 20 tons

■ 8,000 kg. per acre
« 16,000 kg. per acre per 

year
- She.16,000
- Shs.4,230 ♦ 1,516
a Shs.5,746
a Shs.16,000 - 5,746
a She. 10.254

Land preparation
(a) Ploughing and harrouing
(b) Digging Irrigation canals
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Gross Margin for ChilliesTable 7.6

Cost per AcreOperation

K.Shs.

1,720Total costs

3,440Total annual costs (double crop)

Returns

Source: Survey results

180
45 

600 
160 
140

100
105
140

150
150

■ 4,000 kg. per acre
■ 8,000 kg. per acre
- 12,000
■ Shs.3,440 + 1,516
« Shs.4,956
- Sha.12,000 - 4,956
- Shs.7,044

Nursery preparation and seedling raising
Planting (15 mandays)
bleeding (20 tnandays)
Fertilizer application 100 kg. double super 

phosphate
50 kg. sulphate of Anaaonia
F.Y.M. 20 tons

Disease and pest control
Harvesting (20 mandays)

Gross Dargin per acre

Yield
Annual yield (double crop) 
Value @ 1/50 per kg.
Total production costs

Land preparation
(a) Ploughing and harrowing
(b) Digging Irrigation canals
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Grass Margin for TomatoesTable 7.7

Coat per AcreOperation

K.Shs.
Land preparation

3,390Total costs

6,780Total annual costs (double cropping)
Returns

Source: Survey results

Ploughing and harrouing
Digging Irrigation canals

- Shs.24,000 - 8,296
- Shs.15,703

180
180 
600 
400 

1,200
200

100
70

160

150
150

(a)
(b)

Yield
Annual yield (double cropping)
Value @ -/SO
Total production costs

. 15,000 kg.
• 30,000 kg.
- Shs.24,000
- Shs.6,780 ♦ 1,516
■» Shs.8,296

Nursery preparation and seedling raising
Planting ( 7 mandaya)
Weeding
Fertilizer application 100 kg. double. SUper 

phosphate
200 kg. sulphate of ammonia
F.Y.M. 20 tons

Disease and pest control
Staking and pruning
Picking and packing

Gross margin per acre
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Gross Margin for Sweet MelonsTable 7.8

Cost per AcreOperation

K.Shs.

Land preparation

1,855Total coats

3,710Total annual costfc (double cropping)

Returns

« Shs.10,653Gross margin per acre

Source: Survey results

Disease and pest control 
Harvesting and packing

Ploughing and harrowing 
Digging Irrigation canals 

and .

- 10,000 kg.
■ 20,000 kg.
• Shs.16,000
- Shs.3,710 + 1,516
- Shs.5,226

170
210

150
150

80
100
180
180
600

(a)
(b)

Nursery preparation/seedling raising
Weeding 
Fertilizer application 100 kg. double superphosphate 

200 kg. sulphate of ammonia 
F.Y.M. 20 tons

Yield
Output for double cropping 
Value @ »/80 per kg.
Total production costs
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Gross Margin for Sweet Pepper (Cupsicuas)Table 7.9

Cost per AcreOperation

K^Shs.
Land preparation

1,460Total costs

2,920Total annual coats (for double crop)

Returns

Gross margin per acre

Source: Survey results

Disease and pest control 
Harvesting and packing

100
100

180
500

150
100

50
50
50

(a)
(b)

■ 8,000 kg.
• 16,000
> Shs.12,800
• Shs.2,920 + 1,516
■ Shs.4,426
- Shs.12,800 - 4,426
- She.8,373

Ploughing and harrowing
Digging Irrigation canals

and
Nursery preparation/seedling raising
Planting 
bleeding
Fertilizer application 100 kg. double superphosphate 180

200 kg. sulphate of ammonia
F.Y.M. 20 tons

Yield
Output for double cropping 
Value @ —/B0 per kg.
Total production costs
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Table 7.10 Gross Margin for Cucumbers

Coat per AcreOperation

K.Shs.

1,967Total costs

3,934Total annual costs (double cropping)

Returns

Gross margin per acre

Source: Survey results

80 
35 

100 
180 
180 
600
290 
252

150
100

- 12,000 kg.
- 24,000 kg.
- Shs.19,200
- Shs.3,934 ♦ 1,516
m She.5,450
» Shs.19,200 - 5,450
- Shs.13,749

Nursery preparation and seedling raising 
Planting 
Weeding
Fertilizer application 100 kg. double. superphosphate 

200 kg. sulphate of ammonia 
F.Y.M.

Disease and pest control 
Harvesting and packing

Yield
Output for double cropping 
Value @ -/80 per kg.
Total production costs

Land preparation
(a) Ploughing and harrowing
(b) Digging Irrigation canals
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Total Gross MarginsSample farms:Table 7.11

Gross MarginAcreageCrop

TotalPer acre

1,000 Shs.

22.311
7.7

16.016.0
7.77.71Sweet Melons

64.4Total
44.722

5.3Mchicha
60.3Total
56.214.543 Bananas
44.722.32
15.415.41

16.02
10.32Okra

2Chillies
, 1Mchicha

195.9Total
43.634 Bananas

2

10.97.2
10.6
13.71

138.9Total

Pawpaws
Brinjals
Tomatoes

Pawpaws
Brinjals
Tomatoes

Mchicha 
Cucumber

10.6
13.7

14.5
22.3
15.4

22.3
15.4

22.3
15.4

44.7
15.4

32.0
20.5
14.5
10.6

Pawpaws
Brinjals
Chillies

Pawpaws 
Brinjals 
Chillies

U6 
1

1

1

1

T ube-ldell 
No.

23.1
7.2

7.2
10.6

7.2
10.6
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Table 7.11 continued

Gross MarginCrop Acreage

TotalPer Acre

5

209.2Total

6

31.1Total

7

205.9

8

207.2
Total

9

218.4Total

Bananas
Pawpaws
Brinjals
Tomatoes 
□kra
Mehicha
Sweet Pepper

Bananas
Pawpaws
Brinjals
Mchicha

Brinjals 
□kra 
Mchicha

Bananas
Pawpaws
Brinjals
Mchicha

14.4
22.3
15.4
10.6

15.4
10.3
10.6

14.5
22.3
15.4
10.6

72.7
78.6
30.9
10.3
10.6
15.3

87.2
66.9
30.7
21.1

Bananas
Pawpaws
Brinjala 
Okra
Mchicha
Sweet Pepper

5 
3J6
2
1
1
2

4
2 
U6
2
2
2
1

6
3
2
2

a
3
1
1

i

1

14.5 
22.3 
15.4
16.0 
10.2
10.6
7.7

58.2
44.7
23.2 
32.0
20.5
21.1
7.7

14.5
22.3
15.4
10.2
10.5
7.7

15.4
5.1

10.6

1,000 ShB.
""I 116.3

66.9
15.4
10.6

Tube-Well 
No.

Total
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Table 7.11 continued

Gross MarginCrop Acreage

TotalPer acre

1,000 Shs.

10

98.5Total

11 1

65.1Total

12

75.5Total

13

70.7Total

14

36.8Total

Pawpaws 
Brinjals 
Mchicha

Pawpaws
Brinjals
Mchicha

22.3
15.4
10.6

22.3
15.4
10.6

44.7
15.4
10.6

33.5
15.4
10.8
15.8

Pawpawta
Brinjals
Chillies
Mchicha

Pawpaws
Brinjals
Chillies
Mchicha

1
U 
1

136
1

136

136
2
136
36
36

1 
1
2

Bananas
Pawpaws
Brinjala
Mchicha
Chillies

Tube-Uell 
No.

21.8
44.7
23.1
5.3
3.6

14.5
22.3
15.4
10.6
7.2

22.3
15.4
7.2
10.6

22.3
15.4
7.2

10.6

22.3
3.9

10.6

22.3
15.4
7.2

21.2

2
1
1
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Table 7.11 continued

Gross MarginAcreageCrop
TotalPer acre

1,000 Shs.
14.514.5115 Bananas

10.610.6Mchicha
51.0Total

14.5316 Bananas
15.41

32.016.02
10.33Okra
7.22Chillies

10.76Sweet Melons
200.5Total *

14.51017 Bananas
22.32

30.815.42
20.52

1Chillies
7.61Sweet Pepper

256.5Total
58.214.5418 Bananas
89.34
15.4

16.0
2Chillies
2Mchicha

Sweet Pepper
342*9Total

Brinjals
Tomatoes

Pawpaws
Brinjals
Tomatoes

Pawpaws
Brinjals 
Okra

Cucumber
Sweet Melons

2
5
2

22.3
15.4

48.0
* 14.5

21.1

145.3
44.6

27.5
53.6
15.3

43.6
15.4

7.2
7.6

1
3

1

1

Pawpaws 
Chillies

Tube-Well 
No.

10.2
7.2

13.7
10.7
7.6

22.3
7.2

22.3
3.6

7.2
10.6

30.7
14.5
64.3



- 122 -

Table 7.11 continued

Gross MarginCrop Acreage

TotalPer acre

1,000 Shs.

19 6Bananas
5
7

10.23
7.2Chillies 3

68.713.7Cucumber 5
15.37.6Sweet Pepper 2

447.4Total

15.420 2
16.02
10.21

Total * 73.1

Source: Computed from survey results.

Brinjals
Tomatoes 
Okra

Pawpaws 
Tomatoes 
Okra

14.5
22,3
16.0

87.2
111.7
112.0
30.7
21.7

30.9
32.0
10.2

Tube-Dell 
No.
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Table 7.12 Summary

Total Gross MarginsTube<=>U'ell No.

1,000 Shs.

3,070

Shs.153,500Average gross margin per farm

Average gross margin per acre* Shs.13,300

* Based on average farm size of 11.5 acres.

64
80

196
139
209
31

206
207
218
99
65
76
71
37
51

201
257 
343
447
73

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
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CHAPTER VIII

APPRAISAL AND EVALUATION OF THE TUSE-WELL PROJECTS

8.1. Review of the Analytical Techniques

The conventional investment criteria used in project apprai­

sal and evaluation are: Payback period, net present uorth, rate

or profitability of a project.

The first criterion - payback or recoupment period does not

take into account the discount rate and is therefore a rough

It showsmeans of judging the profitability of an investment.
the number of years which are required to accumulate earnings

A project with asufficient to cover the coat of the project.
Bier­payback period of 5 years is better than one of 10 years.

much defended in^l iterators, it is an easy inexpensive device

It fails to take into considerationmeasure of investment worth.

earnings after the "break-even" period and therefore tends to

favour quick-yielding projects without taking into account their

overall rate of return. For example a machine may continue to

Theseoperate for many years after its initial cost is covered.

It also fails to take

receipts. For example the investors would prefer a £1,000 project

element which is ignored in the criterion.

into account the differences in the timing of the proceeds or

for dealing with risk and they call it "a quick crude rule of 

thumb".

benefit-cost ratio, and internal rate of return.

One or a combination of these can be used to assess the worthiness

of profitability,

man and Smidt (1966) feel that* although this criterion is not 
the

However this criterion has two major weaknesses as a

later years also determine the profitability of the machine, an
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annually in the last 2 years. The earlier the benefits are re­

ceived the earlier they can be reinvested or consumed, and hence,

This criterion is however quite a

It is used in cases of risky invest­

ments - risky cuing to technological progress, commercial, and/

or political uncertainties.

The other investment criteria are based on the discounted

worth. There are four investment criteria which use this discoun­

ted principles

return.

Net Present Worth is the most straight-forward discounted

It is simply the present

worth of the benefits stream less the total discounted present

worth of the cost stream, it is easier and normal practice to

ths analytical technique automatically

compute it in the form of discounted (net) Cash flow. Depreda­

tion costs are not deducted from the gross returns or benefits 

of the project because

Net present worth, profitability rate or rate of 

return to investment, benefit - cost ratio, and internal rate of

good indicator where early capital recovery is emphasized because 

of financial constraints.

with a payback period of 5 years and with receipts of £300 annu­

ally in the first 3 years and £50 annually in the last 2 years 

rather than a similar size project with the same payback period 

but with receipts of £100 annually in the first 3 years and £350

cash flow measure of project worth.

worth of tf|e cash flow stream. Although it may be computed by 

finding the difference between the total discounted present

the more valuable they are.

principle commonly applied to Agricultural projects. Discounting 

"reduces0 the future benefits and costs stream to their present
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takes care of the return of capital in determining the worth

of the project (Gittinger, 1972). One advantage of the net

present worth (N.P.UI.) measure as compared with the other dis­

counted measures is that it makes no difference at all as to

what point in the computation process the netting out of benefits

The formal selection criterion for the net present

worth measure of project worth is to accept all projects with a

positive net present worth when discounted at the opportunity

cost of capital. The fact that net present worth is an absolute

and not a relative measure imposes a serious drawback because

project.

Profitability Rate or Rate of Return on Investment is a

Interest cost on

A small highly-attractlve project may have a 

smaller net present worth than a large marglnally-acceptable

end costs takes place, whether it is done at the middle of the 

project life or at the end of the project life the difference 

is the same.

no ranking of acceptable alternative projects is possible using 

this criterion.

discounted measure which compares discounted benefits with all 

the discounted project costs. Depreciation costs are also inc­

luded in the calculation of project costs.

capital is however not included in project costs because this 

is taken care of by the discounting factor (Gittinger, 1972). 

Computation of the profitability rate Involves the calculation 

of "annual equivalent" of revenues and coats by dividing the

In this case the investor may select the smaller att­

ractive project which is less risky. Another limitation of 

this criterion is that it cannot be applied unless there is a 

relatively satisfactory estimate of the opportunity cost of 

capital.
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total discounted present revenues and costs by the number of

years over the production period.

The sum of the discount factors

for a period

a project.

The annuity concept aims at 

revealing what would be the acceptable constant costs and bene- 

fits over the project life.

Benefit-Cost Ratio is the ratio of project benefits to pro­

ject costs. This criterion is one of the most widely used in pro­

ject appraisal and evaluation especially for economic analysis. 

This parameter provides some indication of the economic merits of

It has much popular appeal since it gives an immedi­

ate indication of the "degree" of desirability of the project 

(Kuiper, 1971).

“n°

on investment than^ another project requiring an equal amount of 

investment and out-of-pocket costs (added) in which the invest­

ment takes the greater portion of the total project costs.

A project with a benefit-coat ratio of well 

above unity is considered economically justified if the discount 

rate used truly reflects the risk involved in the project. A 

ratio of exactly one shows that the project is marginal. The 

absolute value of the benefit-cost ratio varies depending on 
the interest rate or discount rate chosen. The higher the

is termed the annuity factor. Gittinger (1972) 

refers to annuity as "How much £1 received annually from the 

1st year to the nth year is worth today". Profitability rate 

or rate of return on investment has a major weakness in that it 

considers return on invested capital only and therefore favours 

projects with low capital investment. .A project may require low 

investment capital but very high operating, maintenance, and pro­

duction costs i.e. very high out-of-pocket costs. Such a project 

may appear more profitable on account of its high rate of return
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discount rate, the smaller is the resulting benefit-cost ratio;

and if a high enough discount rate is used on a project the

ratio is likely to be driven down to less than one in which case

the investor cannot recover the investment. The benefit-cost

ratio is computed by comparing the discounted present worth of

with relatively high gross returns and high operating costs even

though these may be shown to have a greater wealth-generating

also called the marginal efficiency of invest-

It is the interest or dis-

Whereas in the consideration of the

benefit-cost ratio one assumes a certain rate of interest or

discount, in the case of internal rate of return calculation

Internal rate of return (IRR)

project (Gittinger, 1972).

count rate which would render the discounted present value of

capacity than alternative projects which have higher benefit­

cost ratios.

a project's expected future marginal yields exactly equal to the 

investment and out-of-pocket costs of the project. Kuiper (1971) 

defines it as that discount rate which renders the project a 

benefit-cost ratio of 1.0.

one tries to measure the rate of discount or the earning power 

of the project. The internal rate of return has the advantage 

of not being affected by the assumed Interest rate of the pro­

ject and therefore it is completely independent of the external 

interest rates (Kuiper, 1971).

ment of a

Another discounted measure of project worth is the internal 

rate of return.

net benefits with the discounted present worth of project costa 

(investment plus out-of-pocket costs). A major weakness of the 

benefit-cost ratio is that it discriminates against projects
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sure

tai.

opportunity cost of capital or interest rate*.

been used in this study.

is a useful measure of project worth and is widely used by the 

World Sank in both economic and financial analysis of projects. 

It represents the average earning power of the money used in the

When the "IRR" is used in finan-

Although this subject of determining project worth has been 

treated by many authors, each author recommending a different 

criterion for different types of projects, Gittinger (1972) 

feels that there is no one best technique for estimating project 

worth, though some techniques are better than others and some 

are especially deficient. This is why all the available tools 

for appraising the profitability of tube-wells in Mombasa have

• For example while the World Bank lends at 9>s%, it’s cut-off 
rate is about 12 - 15%. This implies that only those 
projects with an IRR of 12 - 15% and above would qualify 
for a loan.

project over the project life.

cial analysis of projects it is termed Internal financial rate 

of return (IFRR) to distinguish it from internal economic rate 

of return (IERR) used in economic analysis of projects. The 

formal selection criterion for the internal rate of return mea- 

of project worth is to accept all projects having an inter­

nal rate of return above the opportunity cost of capital, which 

in our tube-well projects is the interest rate on borrowed capi- 

The minimum acceptable internal rate of return is often

termed the “cut off rateM and is normally set slightly above the
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8.2. Sama Assumptions and Considerations In Project Appraisal

Depreciation

The method used to depreciate the fixed assets in this

study is the straight line method adopted from Yang (1965).

Yang suggests two possible ways of depreciating fixed assets,

one on the basis of wear and tear and the other on absolescence.

Depreciation due to us ar and tear is determined by the ratio of

actual number of hours the machine is used to the number of hours

determined by the manufacturers. In this case annual deprecia-

depending on the amount of use made of

the machine. Depreciation by absolescence is determined by the

useful life of the machine in which case the annual depreciation

fixed assets. In Mombasa, diesel and electric pumps can be ope-

In fact some tube-well

everyday for a maximum of ID hours*. At the 10th year the engi­

nes and pumps would still have a salvage value of about 10 per­

cent.

The first step in calculating the annual depre­

ciation cost is to'* determine the total depreciable amount of the

rated for 15 to 20 years but breakdown and repair costs become 

increasingly more from the 10th year.

farmers operate the pumps for over 20 years but in that case the

* Thia information was obtained through personal communication 
with the staff of Uigglesworth Company and Machinery Service - 
Mombasa.

tion cost is variable,

pumps would not have any trade-in value. Experience gained by 

the dealers shows that the useful life of engines and pumps under 

the coastal conditions is about 10 years if the pumps-are used

is a fixed sum.

Thus the pumps and engines have been depreciated at a 

fixed amount for 10 years on an absolescence basis. The well,
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and the storage tanks have a 'useful life of 30
So at the end of 10 years these assets still have a highyears.

salvage value which for purposes of this study was assumed to be
50 percent of the initial cost of these assets. Faro vehicles

have also been depreciated for 10 years on a straight-line obso­

lescence basis leaving 10 percent salvage value at the 10th year*

The annual depreciation coata of the main fixed items are shown

These costs have been used in computa-appendix I.

tion of the profitability rate.

Discount Rate

to which discount rate to use in project analy­

sis is not an easy matter. Controversy exists on whether to use

the opportunity cost of capital, or the borrowing or lending

Gittinger (1972) suggests that, forrate as the discount rate.

benefit-cost ratios or net present value calculations, the most

appropriate rate is the opportunity cost of capital - that rate

which will Just result in all the capital in the economy being

that much or more return. Kerr (1966) also holds similar views

and states, u In agricultural projects where loan rather than

equity capital is employed, the opportunity cost of capital may

be more appropriate. This could be taken as the farmer’s per­

sonal discount rate, the rate of interest at which he is prepa­

red to invest”• In Kenya, where many channels are open for

private investment at varying rates of return, it would not be

easy to decide outright what the opportunity cost of the farmer’s

own capital ia. Farmers may invest their capital in commercial

the pump-shed,

The choice as

in Table 7,

invested if all passible projects were undertaken which yielded
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of return.

bound to be personal and subjective.

FAO

price for lending and borrowing.

in a situation where

of interest on loans.

more likely to come.

banks at a savings rate of 5 percent, in the East African Buil­

ding Society at 8 percent interest, in Government Bonds at 11 

percent interest or simply in a grocery at a much higher rate 

Thus it is clear that the choice of this rate is

Lecture notes on agricultural project analysis (FAO, 

1969) state that the discount rate should be the interest rate 

at which loans or investments are undertaken in the economy. 

The interest or discount rate is here defined as the market 

Billings (1971) suggests that 

the rates of return to alternative Invest­

alternative would be to use the rate

The discount rate used in this analysis is the interest 

rate cn borrowed capital. Since the tube-well projects in 

Mombasa are private projects, most of the investment funds are

Most farmers do not have

ments are not known, one

charging 10 percept interest.

as the discount rate for this analysis because it is from the 

commercial bank sources that tube-well construction loans are

Banks, etc.

likely to come from private sources.

their cun capital and therefore they rely much on borrowed capi­

tal from the lending institutions such as the Agricultural Finance 

Corporation (AEC), the Cooperative Bank of Kenya, the Cocsnercial

The A.F.C. and the Co-operative Bank of Kenya charge 

an interest of 9J6 percent while the commercial banks are currently

The author has chosen 10 percent
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Cost of Land

Determining a proper value to place on land in an agricul­

tural project is often difficult because this is governed by the

market situation of a country or project area, the level of deve-

Icpr-er.t of the project area, In so­

cialist countries 9

such as a National Park. In areas where land changes ownership

through financial transactions, the economic considerations are

The cost of

Land speculation also Inhibits the establish-more expensive.

went of a perfect market.

One alternative ia to value the land at its

entering the cost of land purchase as a 1 unp sum

This is the simplest approach, but it assumes that

the land market is relatively competitive and open and the

analysis of a project is done.

Gittinger (1972) suggests three alternatives for determining 

the value of land for the purpose of economic and financial analy­

sis of a project.

capital item incurred one time only at the beginning of the 

project.

and thus cannot enter into money transaction between individuals, 

the cost of land to an agricultural project would be the net va­

lue of production of that land if it were used for another purpose

and the land tenure system. %

for example, uhere land belongs to the state

a highly-developed high-potential zone is

purchase price,

the sole determinants of land values, but this would assume a per­

fect land market, which rarely occurs in practice.

land for an irrigation project to be started in an arid zone is

low whereas land in

purchase price is close to an equilibrium price in a perfect 

market. This is the best approach especially where financial
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Out ofceeds.

Length of Project Period

decided from the tech­

nical-life point of view.

tion, the useful life of pumps

with operation and maintenance

In a tube-well project one

The

enter it into the project costs year by year

This is the alternative used in this analysis.

in the sample 18 farmers indicated that they

In the area of study most of the farms belong to absentee 

landlords who prefer to rent the land instead of selling It. 

Another alternative is to value land at it’s rental cost and 

as the project pro-

the 20 farms studied

were paying annual rents for the land, and only two owned the 

land. Land rent is therefore a good alternative of valuing land 

especially for financial analysis. Valuing land at it’s oppor­

tunity cost or the net value of production foregone is good in 

economic analysis where land is owned by the public.

reasingly higher after the 10th year, 

as the average technical life of the pumps, 

a useful life of 30 to 40 years after which it may collapse. 

Gittinger (1972) suggests that a convenient way of establishing 

the period of analysis of a project is to use the technical 

life of the major investment item.

alternative would be to take the well as the major Investment 

item and replace the pumps when they have becoma too old. 

other alternative is to take the pumps as the major investment 

items and close down the project when the pumps have become too 

old, in-which case the well would still have a fairly high salvage

The cut-off point of this project was 

As mentioned earlier under deprecia- 

in Mombasa is 10 to 20 years, 

costs of the pumps becoming inc- 

So 10 years has been taken 

The well may have
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value at the end of the project period. This second alternative

has been used to determine the cut-off point of the tube-well

projects in the study.

Salvage Vaiue

Although the technical life of the project has been assumed

most of the major investment items could not have

been used up at the end of 10 years. The engines and pumps can

be sold to scrap dealers at a price referred to as salvage value

in this analysis. The salvage values of the main Investment

items are given in Table 7, appendix I. These salvage values

are treated as

project.

Capital Investment and Out-of-Pocket Costs

Capital investment in private tube-well projects is incur­

red once at the beginning of the project life in year “zero".

Out-of-pocket costs include fuel or electricity, purchased in­

puts and repair, and maintenance of the pumps. These costs are

It is observed from thisshown in tabular form in table 8.1.

table that the annual out-of-pocket costs for the tube-well

Theseprojects are higher than the initial investment costs.

required for the operation *of the pumps and the production costs

of horticultural crops.

a benefit to the project in the last year of the

high out-of-pocket costs are due to the large working capital

to be 10 years,
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Sample Farms:Table 8.1

Item Source of data

Investment
8,055Table 6.2 last column

74,885Total

Annual costs
Land rent

44,800Tables 7.1 - 7.10
116,200Total

Annual be ne fi t s
198,400*Gross output Table 7.12

Summary of Investment, Annual costs and 
Annual benefits

Page 100
Page 97
Page 97

Page 90
Page 82

5,000 
1,000 

12,750
8,748 

16,800

3,900
17,680

12,868
18,200
35,012

Amount 
K. Shs.

Operating the pumps
Repairs and maintenance 
of pumps j
Clearing canals
Transport
Permanent labour
Family labour
Farm inputs (plus casual 
labour)

Table 6.3 and 6.4 6th 
column
Table 6.6 6th column

* This figure is equivalent to the total average gross margin 
of Shs. 153,500 in table 7.12 plus the total for farm inputs 
(plus casual labour) of Shs. 44,800 as shown above.

Table 6.3 and 6.4 column 
2, 3, 4, and 5
Table 6.5 last column
Table 6.12 5th column

Construction costs
Pump-shed Storage tank. 
Hand tools and level­
ling
Engines and pumps
Farm vehicles
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8.3. Analysis Results

8.3.1. Payback Period

It is observed from table 8.2. that the payback period or

recoupment of the tube-well projects is very short. The initial

investment which is incurred in year zero* is Shs.75,000 and the

out-of-pocket costs amount to Sha.116,200, thus, the total costs

that year amount to Shs.191,200 and the benefits accruing that

year amount to Shs.198,400. Thus practically all the Initial

investment in the tube-well projects can be recouped in about

one year.

is the fact that the initial investment in a private tube-well

project is not very big. Secondly the horticultural crops grown

under irrigation have fairly high gross returns.

8.3.2. Rate of Return on Investment Capital

earlier in this chapter. The annual equivalents of costs and

benefits have been computed by dividing both the aum of the dis-

* Year zero is here taken to mean the beginning of the project.

nues and the annual equivalent of costs by the present value of 

investment.

In calculation of the return to capital investment or pro­

fitability rate

This gives the average annual costs and benefits.

The profitability rate or return on investment is then obtained 

by dividing the difference between the annual equivalent of reve-

counted costs and benefits by 10 which is the economic life of 

the project.

a discount rate of 10% has been used as discussed

This short payback period is due to two reasons. One
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rTCGRnt value of investment

the tube-well projects works:f inability rate for

that the return on the investmentout I This means

is SC purcsnt aver anti above a Since10 percent rate of return.
in t-T! un.lculntions nf annual costs depreciation coats were in-
clur’ad and since the annual equivalent of revenue is greater ttan
the annual equivalent cf costa, the investment has returned in

The total rate of return on capital is
trux.ui Table 8.3 and 8.4 show that the rate of
pr- /.'.

.’.••Ji;: JU'ii’.ud at a higher rate.ar

inGcr'-ir; in each year.

poraunt.

iuy ur the project falls when the coats end revenues

i^irj^vjjl^nt of revenue - Annual epuivalent of cast

PrrTit^llity rate =

intei-uc;, payments at least as much as the 10 percent rate of
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Table 8.2

Present ValuesFuture Nominal Values

InvestmentInvestmentYear

K. Shs. *000K. Shs. ’000

7575

1,221.9713.5756.14475 1-160 1,992

Average annual costs SI

« 71.4

Profitability rate
Present value of investment

» 68%

* Annual costs exclude Interest on capital.

Benefits in the 10th year include salvage value.

Profitability rate calculated from future values of costs 
and benefits discounted at 10 percent

Annual 
Benefits

Annual 
Costs

Annual 
Benefits

□
1
2
3
4
5
6
7
8
9

10

198
198
198
198
198
198
193
193
198
210

1.00 
0.909 
0.826 
0.751 
0.683 
0.621 
0.564 
0.513 
0.467 
0.426
0.386

180.0
163.5
148.7
135.2
123.0
111.7
101.6
92.5
84.3
81.0

Discount 
Factor 
at 10%

116
116
116
116
116
116
116
116
116
116

105.4
95.6
87.1
79.2
72.0
65.4
59.5
54.2
49.4
44.8

Annual
Bests0 ______

» Average annual benefits-Average annual costs 
x 100 ____________________ __________ —

-=-122.2

“ 122^2 - 71.4 x 100
75

Total discounted costs ■ 713.5
IQ “ 10

Average annual benefits® Total discounted benefits ■ 1221.9
10 10
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Table 8.3

Present ValuesFuture Nominal Values
*

Year Investment
2

K. Shs. *000'OCOShs.

7575

993.5582.1755.01975 1,160 1,992

Average annual benefits OS

99.4

Average annual costs ss

5S . 2S3

Profitability rate «=

100IK X

54.9%&3

55%EK

582.1
10

993.5
10

Profitability rate calculated from future values of 
benefits and costs discounted at 15 percent

Annual
Casts

Annual 
Benefits

116
116
116
11G
116
116
116
116
116
116

100.9
87.7
76.3
66.4
57.7
50.1
43.6
37.9
32.9
28.6

172.3
149.7
130.3
113.3
98.4
85.3
74.4
64.7
56.2
51.8

0
1
2
3
4
5
6
7
e
9

10

Discount 
Factor 
at 15%

1.00 
0.870 
0.756 
0.658 
0.572 
0.497 
0.432 
0.376 
0.327 
0.234 
0.247

Annual 
I Benefits

2.n.«—■■■ ■ .1

198
198
193
198
198
198
198
198
198
210

Average annual benefits -» Average costs x 100 
Present value of investment

Total discounted benefits ■
Io

99.4 - 58.2
75

Ko

Total discounted costs «•Io——

Investment?.Annual 
I Costs
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Frasers: Vr.ues

K. Sba. !C00K Shs.
>

7575 89.2
i :

i ;

751,55275
?

V

Average annual benefits

61.2

Average annual casts s=

35.0a

A.'eT:' -. r.nr.L!31Profitability rate

34%a

353
10

611.9
10

Future mo;.;1gs1 Values 
i i

i

!

I 
t

II
I

1 
r».

3
4
5
S
7
8
9

12

J

I
!

I

3

I;V
J

I1 31

;

1 j

1.00
C.769
0.592
0.455
0.350
0.269
0.207
0.159
0.123
0.094
0.073

198
193
193
1SS
153
193
193
15'8
153
213

61.2 - 35.8 x 100
75

Total discounted costs =
10

?

j Year ?Ir. vestment* Annual*
| f 1 P r* r- T t? i

t-bllity rs.a cslu.:latad frew fucuru value cf 
acne.--.;3 and costs aisccunted at 30 percent

69.3
55.3
53.0
31.5
24.4
16.6
15.3 |

T 

x<

I

i Annual
;Costs -Sanefits

es Average annual benefit - 
coats x 100__ . - ■■—__ _

Present value of inves-cent

] 353

$ 

ns i 
116 | 
116 i 
116 I 
116 t 
116 j

116 | 
ILS

I [3 |--------------j--------------
i l i ;
I Discount Investment*ArnuclI Annual
■ Factor | . Ccsusen—?iu.s
| at 30% !,__________ j_______ j________

■< i

152.3
63.7 $ 117.2
52.8 j SC.l
43.6 " "
31.2
24.0
1£.4
14.3

•1C.9
j 3.5 
5_______j______

611.9
i_____ 1
ha16C [

» Total discounted benefits » 
“Hie
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Benefit-Coat Ratiofl.3.3-

Horticultural farming is, as discussed in the last chapter,

a capital intensive venture involving high annual production
and in sc;~a cases much higher then the initial

investment costs. Thus a batter criterion for determining the

real project ucrth would be one that shcus the return on total

capital employed on the project-inveatmor.t costs end total out-

of-pookst costs.

Benefit-cost ratio is a better criterion far judging the

private tube-well projects because it compares tr.a total discoun­

ted benefits uith the total discounted costs (Investments plus

out-of-pocket costs). It is observed from table 6.5 that after

discounting all the future nominal costs and benefits at 10 per-

the benefit-cost ratio of the tube-uell projects works out

to 1.6. Any benefit-cost ratio greater than 1 means that the

project earns at least 10 percent in its economic lifetime after

the investment capital and all other costs have been recovered.

The tube-uell projects are therefore profitable because they

and half times the total sum of capital

employed (investment, production,, and operation costs) even after

allowing an interest cost of 10 percent. This 10 percent inte­

rest cost ensures that all.the project costs are fully recovered

if the benefit-cost ratio works out to 1 or over.

Although this c;;< terion is recommended for appraisal and

evaluation of public

used it to establish t..._ economic worth of private projects as

Haji a; . 3irohl (1969) in their study of electrically-uell.

operated deep tube-wells in West Bengal did a benefit-cost analysis

costs per acre,

cent,

yield benefits over one

ejects, ny economists have in the past
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□nd found that even at low utilization of tube-walls (B hours

and 2.1 at discounting rates of 5 percent,
and 10 percent respectively. At higher levels of

tube-well utilization the benefit-ccst ratio was higher. Mellor

and Heart! (15S9) in their comparative study of costs and bene­

fits of irrigation from state and private tube-wells in Uttar

Pradesh also found high benefit-cost ratios - 1.6 and 1.9 for

state and private tube-wells respectively at a 12 percent rate

These are consistent with the high profitability

of investment in tube-well projects as found in this analysis.

6.3.4. flat Prssent Uorth

The IQ percent discountcosts and benefits at 10 percent.

rate ensures that the investment capital and operating and pro­

duction costs are fully recovered at the end of 10 years, and

the project will still earn an extra K.Shs.465,800. Therefore

all the capital borrowed from the banks at 10 percent interest

rate can ba repaid and the farmer will remain with a net balance

of this amount in terms of the present value of future incomes.

The net present worth of the tube-well projects in this 

study works out to K.Shs.465,600 after discounting the future

2.3,

7.5 percent,

high as 3.D,

a day) the benefit-cost ratio of tube-well installation was as

of disccunto
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Tabla 8.5

Future Nominal Values Present Values

Investment

K. Shs. *000K Shs. ’000

75 75

1

1,216.9676.17575 1,980
I

sz

1.619E3

1.6-»&

(1216.9 - 751.1) X 1000Net present worth S3

Shs. 465,800c

a

f

Benefit-cost ratio and net present worth calculated 
from present and future value of costs and benefits

Annual
Costs*

Annual 
Benefits

Annual 
Costs

■

Veer investment Annual 
Benefits

198
198
198
198
196
198
198
198
198
198

0
1
2
3
4
5
6
7
8
9

10

110 
110 
110 
110 no 
110 no no no 
no

Discount 
Factor 
10 56

100.0
90.9
82.6
75.1
68.3
62.0
56.4
51.4
46.9
42.5

1.00 
0.909 
0.826 
0.751 
0.683 
0.621
0.564 
0.513 
0.467 
0.426 
0.386

Total discounted benefits
Total discounted costs (investment ♦ Annual 
costs ,

1216.9
676.1 + 75

1216.9 z
751.1

1,100

Annual costs include out-of-pocket costs (production costs, 
family and permanent labour, transport) and cost of land. 
Depreciation costs are not included.

180.0
163.5
148.7
135.2
123.0
111.7
101.6 '
92.5 •
84.3 .
76.4

Benefit-cost ratio =
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Internal Rate of ReturnB.3.5.

The internal rate of return as defined earlier in this

hat rate of discount which makes equal the totalchj_...jjj’ is

ditr .ed bcncfitc and the total discounted costs i.e. it

nj.v’r;  net discounted cash flow or net present worth of zero.

. io also that discount rate which gives a benefit-costTr­
iable 8.5 shews that at a discount ratera .„ - exactly 1.

i .. Jit- Net present worth of the projects is Sha.465,800 andcr.

At a 20 percent discount rateth". jjn-fit-cost ratio io 1.6.

the na:=

At a 10H percent discount rate the netcon’; ratio falls to 1.5.

preo-nt north or net discounted cash flow falls to Sha. 14,000

It is therefore clear that□nr :ii''onefit-coat ratio ia 1.074.

we ucul:’ have to discount tho benefit and cost streans at a dis-

count rebr slightly over 100 percent in order to arrive at a net

Itdiuixunt-d cash flow of zero end a benefit cost ratio of 1.

will hr ebsarved from table 8.10, which summarizes tables 8.5

tc 5J ^cresnt reduces the benefit-cost (S/C) ratio by about

'-’•nver, over the large range from 50 to 100 percent,U.

the deerraoe par 10-percent increase of the discount rate is

Thus a discount rate of 115 - 120 percent likely

would ha vsnuired to reduce the 0/C ratio from 1.074 to exactly

These results

--.'.1 projects are supported by Mellor and Moorti (1969) in

thi.l.- jluny uf tube-well projects in Utter Pradesh India in which
they n;? □n internal rate of return of well over 50 percent for 

private ohallcu tube-well projects.

present worth falls to K.Shs.293,000 and the benefit­

tub j

gj jhat the IRR likely falls in this range.

J-’.-':i. I?.? high earning power of capital invested in private

to C.--s jhat evary 10-percent increase of the discount rate up
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It is therefore evident that in bankability terms the

private tube-well projects at the existing level of performance

in Mombasa are highly attractive for investment because they

□re then pass all the financial feasibility tests at thewould

It is however worthgoing interest rate charged by the banks.

noting that irrigation is an art which not many people have eas­

in the area of study IS farmers out of a sample of 20tered.

were Indians who claimed to have acquired the art from their
These Indians are considered to be of a lower socialforefathers*

class in the Indian Community however profitable farming is.

The '’findings of this study are also subject to the limitations

and assumptions discussed in chapter three and the beginning of

this chapter4*

° The estimated 20 percent loss of farm produce due to seasonal 
fluctuation of supply and demand was not taken into account. 
Many farmers also complained of considerable loss of farm pro­
duce through theft and/or through illegal sale of the produce 
by farm workers.
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Table Bo 6

Future Nominal Values Present Values3
Investment

i K.She. '000

7575

75 751,980 629.1I
Benefit-cost ratio =

ex

1.546C3

0/C ratio 1.5

Net present worth (829 - 536) x 1000S3

Shs.293.000St

----- ...—

K. Shs.

Annual 
Senefits

Discount 
Factor 
at 20%

Annual 
Costs

Annual 
Benefits

i

829
536

1.000 
0.833 
0.694
0.579
0.482
0.402
0.335 
0.279 
0.233
0.194 
0.162

91.6
76.3
63.7
53.0
44.2
35.8
30.7
25.6
21.3
17.2

164.8
131.4
114.6
95.4
79.6
66.3
55.2
46.1
38.4
32.1

!

Benefit-cost Ratio and Net Present Worth Calculated 
from Future benefits and Costs Discounted at 20 per­
cent

198
198
198
198
198
198
198
198
198
198

0 
1
2
4
5
6
7
8
9

10

Total discounted benefits
Total discounted costs + investment

J
| Year) Investment] Annual

] |Costs

’EDO

1,110
_____

460.8 
_______

I “110
110
110
110
110
110 
no I 110
110
110
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Table 8.7

Present Values
Investment

K. Shs. ’ODO

7575

I

611.9339.9751,98010075

Benefit-cost ratio =

S3

1.475S3

1.5S/C ratio E3

(611.9 - 414.9) x 1000Met present worth S3

K.Shs.197,000S3

Y

Benefit-cost ratio and net present worth calculated 
from future benefits and costs discounted at 30 per­
cent

Total discounted benefits
Total discounted costs + investment

Annual 
Benefits

Annual
Costs

Annual 
Benefits

Discount 
Factor 
at 30%

I

152.3
117.2
90.1
69.3
53.3
40.9
31.5
24.4
16.6
14.5

5I
II
i

198
198
193
198
193
198
198
198
198
198

1.00
0.769
0.592
0.455
0.350
0.269
0.207
0.159
0.123
0.094
0.073

64.6
65.1
50.0
38.5
29.6
22.7
17.5
13.5
10.3
6.0

0
1
2
3
5
6
7
8
9

10

110
110
110
110
110
110
110
110
110
110

_____
K. Shs

611.9
339.9 + 75

611.9
414.9

Future Mcuinal Values
I Year iInvestment|Annual 

’ {Costs

’□00

ii r
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Table 8.8

Future Nominal Values Present Values

Investment Investment

1
K. Shs. '000Shs.

75 75

388.6216.375 75

G3

= 1.334

B/C ratio 1.3£3

Net present worth (388.6 - 291.3) x 1000X3

Shs.97,000D

5

Annual 
Benefits

198
198
198
198
198
198
198
198
198
198

Discount 
Factor 
at 50%

Annual 
Costs

Annual 
Benefits

I

Annual
Costs

1.00 
0.667 
0.444 
0.296
0.198 
0.132 
0.088 
0.059
0.039 
0.026 
0.017

73.4 
48.8 
32.6 
21.8 
14.5 
•9.7
6.5 
4.3 
2.7
1.8

Year

132.1
87.9
58.6
39.2
26.1
17.4
11.7
7.1
5.1
3.4

□1
2
3 
L
5
6
7
8
S

10

i

5

110
110
110
110
110
110
110
110
110
112

388.6
216.3 + 75

i

!
Y

"CODK.

Benefit-cost ratio = Total discounted benefits
Total discounted costs + Investment

= 388.6
291.3

i

1,980

Benefit-cost ratio and net present worth calculated 
from future benefits and costs discounted at 50 per­
cent

j1,100
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Tabla 3.9

Present ValuesFuture Nominal Values

InvestmentAnnual

K. Shs. '000K. Shs. !0C0

7575

197.8109.3751,9801,10075

Benefit-cost ratio =

S3

1.074S3

1.1B/C ratio S3

Shs.14,000Net present worth «=

1

198
198
198
198
198
198
198
193
198
198

Discount 
Factor 
at 100%

1.00 
0.500 
0.250 
0.125 
0.0625 
0.0312 
0.0156 
0.0078 
0.0039 
0.00195 
0.00097

Annual 
Benefits

I.

Annual 
Costs

0 1
2 
3 r
5
6 
7 
8

110
110
110
110
110
110
110
110
110
110

i 99.0 
49.5 
24.7 
12.4
6.2
3.1
1.6 
0.8 
0.4 
0.2

I

55
27.5
13.6
6.8
3.4
1.7
0.9
0.5
0.2
0.1

197.8
109.3 + 75

197.B
184.3

Year Investment^ Annual
! Casts BenefitsI

Benefit-cast ratio and net present worth calculated 
froze future benefits and costs discounted 100 percent

Total discounted benefits
Total discounted costs + Investment
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Table 3.1:J

Amount of reduction

-3/C rptio Direct

0.073465.0 1.619 0.073

.0721.546 .072293 o 3
.140 .0701.474137.0

.0521.334 .26057.0
H

1.07415.0

of Fables S.5 to fl.9.

Net present 
worth

Per 10-perccnt 
increase in 
discount rate

iJonsr’it-cost ratios and net present value at 
uifTarant discount rates

iii

j
i

I
< 
i 
i

*
II

i

D- l
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0.4.

study -2 hove established their financial worth by assuming cons-

tar," prices cf far.'.i inputs and farm produce over the economic

Certainly this assumption is unrea-ths projects.

listic because these prices cannot be expected to remain cons-

psricd of 10 years especially in the present-day

Unfortunately, in all agricultural pro-

difficult task to predict the changes in commoditya

prices over the lifetime of a project, however short it may be.

Gittinger (1572) suggests that the best general guide to future

prices is those of ths past decade or so. But in a situation

where prices have -been gradually increasing in the past decade

it could rightly be assumed that thia trend will increase into

It is customary in project appraisal tothe next decade

test the sensitivity of the various measures employed to judge

the project worth. The idea is to test if the project would

financial viability teats if

These measures

are usually tested for price and yield sensitivity and for changes

in interest rate on capital.

Sensitivity on yield is usually done on a project where a

new cropping pattern is being proposed and the agronomic infor-

slight changes occurred in the economy. The question posed is* 

Would the earning power or earning capacity of the project be 

changed by unexpected results in the project?

still pass the profitability or

In

tar.t for a

jects it is

•a financial analysis of the tube-well projects in this

or so

wc-rld inflation trend.

life ci.-.-.a of

Ths effect cf Chanoino Prices and Interest Rate on the

Prcfitahility of the Tube-Uell Projects

mation is based mainly on experimental trials. As explained in
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the previous chapter the yields used in this analysis have been

underestimated and thei'efora if any sensitivity analysis hss to

be done with respect to yield changes then it oust be based on

higher yield estimates. For the purpose of this study, however»
we shall stick to the yield estimates used in the initial calcu­
lations.

Sensitivity analysis with respect to output prices could

also be done for these tube-well projects, but in the gross mar­

gin analysis we have used weighted average market prices to deter­

mine the gross output per acre. For example tomatoes prices

for the years 1975-76 used in this study fluctuate between 60

in ths peak harvest' season to Shs.2.00 per kg. in

the off-sasson as shown in Table k appendix I. A weighted avera-

has been used in calculation ofgad prices of SO cents per kg

the gross revenue per acre of tomatoes. Weighted average prices

estimate the gross revenues of all the cropshave been used to

in the study. allowance has been made for an increase inR'0

the prices of farm produce. Depending on long-run supply deve­

lopments for horticultural crops, prices for these items cay

remain abcut the same on the average or may rise, reflecting

general inflation. To be conservative with respect to the me­

rits of ths tube-well projects, no change has been made from

the prices in the initial analysis.

For input prices on the other hand we can safely assume

that

main farm input prices expected to rise are those for fuel and

cents per kn.

oil, electricity, seed, fertilizers end manures, fungicides,

they will rise gradually over the project lifetime. The
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and labour costs. It must be pointed out here that

it is difficult to predict the future price trends of these

farm inputs individually with any degree of accuracy. For ins­

tance most cf ths farm input prices have over the last 5 years

risen tremendously due to the world oil situation. tJe cannot

rely cn the assumption that this past trend will continue into

the next LG years at the same rate Tables 5 and 6 appendix I

shew hou ths prices of seme of the farm inputs have increased

in the last 5 years. Most of the input prices have increased

at the rate cf about 20 percent annually. For our purpose we

assume a steady 10 percent annual increase in total annual

the project life versus constant output pri-variable cost over

constant annual benefits over the sane time period.ces and hence

The effect of

at different discount rates assuming constant annual costs and

output prices and Table 8.17 shows the sensitivity of the pro­

increase in annual costs.

that the profitability of the tube-well projects is not sensi-

For example thetive to smell changes in the discount rate.

is still positive

the

the changes in annual costs is shown in tables

Table 8.16 shows the sensitivity of the projects

ject at different discount rates assuming a 10 percent annual

It will be observed from these tables

pesticides,

benefit-cost ratio of the projects changes by 0.1 between dis­

counting rates of 10 and 30 percent and the net present worth .

After allo-

8.11 tc 3.15.

even at 100 percent discount rate.

wing a 10 percent annual increase on costs, the indicators of 

financial viability of the tube-well projects are still

high as 100 percent.positive at discounting rates as
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Table 8.11

Future nioniinal Values Present Values

*

?Ko Shs. WOO K. Shs. *000

r
7575

I
iI

r 1,216.9927.77575
I

Benefit—cost ratio

2S=

1.2132

1.2

(1216.9 - 1002.7) x 1000present worth a

Shs. 214,203&s

Discount Investment] Annual 
Costs

Annual 
Benefits

I
f

!

I
j

□
1
2
3
;•
5 
£
7
S g 

20

100.0
99.9
99.1
97.7
95.6
93.1
90.3

’ 87.3
84.0
80.7

198
198
S m r*2.^0
198
198
198
193
198
198
198

1.00 
0.909 
0.826 
0.751
0.683 
0.621 
0.564 
0.513
0.467 
0.424 
0.366

I

I 120
12.1
232 E143 j154 |
165
276 j
167
298
209

I 
j 
i

180.0
163.5
148.7
135.2
123.0
111.7
101.6
92.5
84.4
76.4 i

—

1216.9
1002.7

1216.9
927.7 -> 75

iI

Net

j.
•i
I

Total discounted benefits
Total discounted costs + investment

Factor 
at 10 5a

L

I

I

p^930 !

i .
Yesr-jinvestment j Annuals Annual |

5 | Costs | Benefits’
------------- 1

i

Benefit-cast ratio and net present worth at a 10 per­
cent discount rate after allowing 10 percent annual 
increase on costs.
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Table 8.12
allowing 10 percent

Present Values

5 COO K. Shs. ’DOOShs.
■**'s

7575

>

7575

Benefit—cost ratio

1.2

(829.1 - 673.3) x 1000Wet present worth

Shs. 150,800

i n
0
1
2 
3

r

193
193
193
198
193
298
193
198
19S
198

1.000
0.833
0.694
0.579
D.4S2 i
0.402
0.335
0.257
0.233
0.194
0.162

91.6
84.0
76.4
68.9
61.9
55.3
52.3
43.6
36.4
33.9

I
i
I

5
C
7g
9
ID

7

!

829.1
603.3 + 75

I
Annual 
Costs

Benefit-cost ratio and net present worth at 20 per­
cent discount rate# allowing 10 percent annual 
increase on costs.

”!

Annual I
Benefits;

= Total discounted benefits
Yota!-discounted costs +~investment

829a
678.3

Ii
•606.3

•--------------------

Discount {Investment 
Factor 

a’c 2i>/j

329.1 -

164.8
131.4
114.6
95.4
79.6
66.3
55.2
46.1
38.4 [
32.1 :i

I

lie
5 121

132
i 143 

154 
! 165 
J 176 

187 
198 
205

re .r,Jo'.’ninal Values
r

Year u7.v2stT.12nt ^Annual? Annual
< jjCasts | Benefitsj I I I
S
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Table Sol3

Future Wcr.ir.al Values Present Values
s

?

K. She. ’COGn

7575

611.9423.27575

=

1.21

(611.9 - 503.2) x 1000Wat present worth S3

Shs. 108p700cs

J 
i 
!■

«=»
110
121
132

Annual 
costs

193
198
198
193
198
198
198
198
198
198

!

Annual 
Senafits

0
1
2
3

i

Annual 
3eneflt£

1.000 
0.769 
0.592 
0.455
0.350
0.269
0.207
0.159
0.123 
0.094 
0.073

84.6
71.6
60.0
50.0
41.0
34.2
30.0

■ 23.0
18.6
15.3

5
6
7
8
9

10

154
165
178
187
15'8
209

152.3
117.2
90.0
69.3
53.3
41.0
31.5
24.4
18.6 |
14.6

!

•;

Total discounted benefits
Total discounted costs + investment

611.>9
503.2

611.9
428.2 + 75

Ehs .

I

Oiacount investment 
Factor

at 30 % _______

'i

J

I
i

Senefit-cost ratio and cat present worth calculated 
at 30 percent discount rate and allowing 10 percent 
annual increase on costa.

»
?■

I

coco

*****

. I- - I -I 
h Yea r n u s s t rc a n t ■ An n u a 11 

?costs g

3

i
Senefit-ccst ratio =
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Tabla S

Present Values

Investment

i
8 COO K. Shs. ‘000n. Shs.

7575

•I

303.6255.77575

8snefit-ocst ratio

zszs

1.21

(3B3.6 - 320.7) x 1000Net present worth &3

Shs. 6S#000az

,1

J

! t >• 
t
I

ratio and net present worth calculated 
discount rate and allowing 10 percent

Annual 
Benefits

; Annual
5 Benefits

7

l

l!

I 
f

Annual 
Costs

i

j
J s

73.4
53.7
39.1
23.3
20.3
14.5
16.4 
•7.3
5.1
3.6

?ii
■i

1.000 
0.667 
0.444 
0.255 
0.193 
0.132 
0.083
0.055 
0.039 
0.026 
0.017

132.1
87.9
53.6
39.2
26.1
17.4
11.7
7.1
5.1
3.4

193
193 •
198
193
198
193
193
193
193
193

I1
2
3
4
5
6 n
£
9

10

155 5
137 I
193
209 j

388.6
320.7

Sanefit-cest 
at 50 percent 
annual increase on costs.

388.6
255.7 + 75

II

!

Discount 
Factor 

at 50 %

Total discounted benefits
Total discounted costs + investment

113
121
132
143 |

r
5 Future Nominal Values 

....... .......... .... ..............

J • f fk Yaar ;invastrrnt> Annuel}
; ousts •’

|---------J.
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Tabla 8*15

Present Values

Investment

ii. Shs. ’828 Shs. ’000
<1

>
750

153

i

I;

153.9120.87575

X2

1*01

292DQ

Annual 
2e.nefi.tE

Annual 
Costs

f

i 
j

2

3

i{i]

i
j

110
121
122
143
154
135
176
137
198
239

99.0
49.5
24.8
12.4
8.2
3.1
1.5
0.8
0.4
0.2

V

■j

jI

55.0
30.3
16.5
8.9
4.8
2.6
1.4 
0.7 
0.4 
0.2

1.000 
0.500 
0.253 
0.125 
C.G625 
0.0312 
0.0156 
0.0078 
0.0039 
0.00195 
0.00097

198
193
198
193
198
198
198
198

Total discounted benefits
Total discounted casts + investment

19cK9
195.8

<

II

K.

Shs o

Ssr.sfit-cost

Discount 
Factor 

j st 1G0 % 
1 ii!

198.9_____
120“ 8 + 75

£
7
915

!-----

i

Annual j 
8anafits {

jt

j:?e 'c'linal Value

Vac:? ;invact:;.2r.i( Annual*s J In 5 C0C5S £
; ‘ I

EEnefit-cact ratio and net present worth calculated 
at 100 percent discount rate and allowing 10 percent 
annual increase in costs.
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Table Solo

Criterion Discount rate

10% 10055

6S 55 34
l.G 1.5 1.5 1.3 1.1

'□ao 14293 197 57

Source: Summary of Tables So 2 to 8.5

Table So17

Discount rateCriterionL
50% 100%30%20%10%

i 1.01.21.21.21.2

2.268103.7150.8

Summary of tables 8.11 to 8*15Source:

IJ, 
I

: 465
___

5055 
_____

I
4Ii: Profitability rate %
| Benefit-suet ratio
? fist present worth Shs.

Senefit-cost ratio
i i'-'st present worth Shs’ODD|214.2
i 

Sensitivity of benefit-cost ratio and net peasant worth 
of the Tube-well projects with 10 percent annual 
increase of annual costs at different discount rates.

Sensitivity of the profitability rate, benefit-cost 
ratio and present worth of Tube-well projects at 
different discount rates.

20% i 30551 I
5 1555 
----- ------ '
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CHAPTER IX

SUGARY ArJD CONCLUSIONS

gasuga ef.tha Study -nd Findings9.1.

Although ths two largest rivers in Kenya run through the

r.-.uuh of the area is characterised by a general

lack of per:’.u..;£nt rivers so that there is little scope for irri­

gation development using river water. The search for an alterna­

tive source of water to reduce the whims of nature is inevitable.

A large portion of the Province lies in the medium and lou-poten-

ar.d water development for irrigation purpose is con­

sidered as the best alternative for agricultural development in

Tube-wells as a source of irrigation water is begin-this area.

rcing to receive eerie recognition in Kenya generally and more so

The Government has laid more emphasis oni;*2 thj coastal strip.

□f minor irrigation schemes in its current devalcp-

Eraphasis has mainly been focused on the developmentmsnt plan

of tube-wells in semi-arid

The 40 percent subsidypurposes through the tube-wells subsidy.

all individual tube-wells in ths marginal areas will greatlyon

encourage their construction in the future and therefore increase

the total irrigable acreage under the minor irrigation develop­

ment programme.

The objective
ped by farmers through tube-well irrigation. The study was con­

fined to Mombasa District which has the greatest concentration

Ten tube-wells operated with diesel pumps and

another 10 operated with electric pumps were selected for study.

development

tial zone,

of tube-wells.

Coast Provincev

of this study is to assess the benefits rea-

areas for irrigation and livestock
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This

bring substantial financial and social benefits. Construction
casts and installation of the pumps were found to ba the main le­

vs sircar, t itec.s in the tube-well development but annual operation

and maintenance costs are much higher.

The main

reason for this is the small size of the plots being irrigated. -

2^ H.p diesel pump fitted with a 3-inch suction

and 5;S-ir.ch delivery pipe was used to irrigate an average of 30 -

35 acres per day*. Such a pump could irrigate up to 50 acres if

Hou>-land were available and water distribution system improved.

ever such big pumps were necessary because they would be expected

to lose some power as they became older.

An assured market,

though not rigid, was found to have

The main factors influen­

cing tiie cropping pattern were found to be:

relative market price of the vegetables in any particular season,

As a result of availability of

Ths cropping pattern, 

increased among the tube-well farms.

The techniques of budgeting and financial appraisal were used in 

assessing the financial worth of the tube-well projects.

The tube-wells in the study ware found to be under-utilized, 

pulping being done for an average of 8 hours per day.

and the availability of labour.

assured irrigation water, some farmers grew as many as 9 different 

types of vegetables with brinjals, pawpaws, Chinese spinach, and 

bananas being the leading crops. The cropping intensity was also 

found to increase through double cropping.

For example a

study of the operation of the tube-wells and the benefits reaped 

by the cultivators reveals that the tube-well development can
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labour requiremen
hours a day throughout the year* Therefore tube-well irrigation

development would be one way of reducing the unemployment prob-

assuming that adequate land and markets for the output were

The study also reveals that horticultural farming using

tube-well irrigation in Hcrnbaea District is a profitable venture

and a high degree of manage­

rial ability and first hand market intelligence is also required.

Comparison of the two systems of irrigation - electric end

diesel - has shown that the electric system is cheaper and more

Electric pumps costsconvenient in operation and maintenance.

are shown to be IS percent lower than diesel pumps at a particular

The extent of rural electrification is hcw-levei of operation

powex’ lines passing only along the main-roads.

Therefore only
shift from diesel to electric pumps.

recouped in one year.

rate of 63 percent,has been established. Uith a profitability

and an internal rate of return ofbenefit—cost ratio of 1.6 9

over 100 percent, the suitability of tube-wall projects as invest-

provided thement projects in Mombasa cannot be questioned,

farmers have the necessary management and irrigation skills.

The study also reveals that irrigated farms have a high 

employing at least one man per acre for 8

The financial appraisal of tube-well irrigation projects 

the capital invested in these projects can be

The financial viability of these projects

has revealed that

a few farms along these roads have been able to

essential for successful irrigation,

available.
lorn,

if high value crops ax*e grown. Experience in irrigation work is

ever rninisaal,
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Even

They

Pal lev iKolications and Recommendations9.2.

politicians cn the problem cf Government policy with regard to

self-sufficiency in foods, and un-

SE.ployrr.anta Although the Government has been vague in regard

Kenyan irrigation planning has been characterised by emphasis

pension of such projects is becoming difficult in view of their

of people

water resources.

to the time when settlement would be complete, the objective 

remains to develop and open-up all irrigable land in Kenya.

at higher rates of interest charged on the investment capi- 

tube-wall projects have been found to be quite attractive, 

are even likely to remain highly attractive investment

large foreign capital requirement in the present inflationary

Emphasis new is and will continue to be on small-scaletrend.

tel j

have been shown to ease-cut the main development problems, ex­

on large-scale surface irrigation projects and, although these

projects,

pro­

jects in the fcreeeable future inspite of input price increases.

settlement cf the landless,

Much has been written and talked about by economists and

urgency to small-scale irrigation development.

ment in most of the areas will involve exploitation of the ground- 

in view of the potential benefits of tube-well 

a tube-well investment programme should be planned in 

various parts of the country where no permanent rivers or streams 

exists These progrades should aim mostly to support and encou­

rage small groups of people and even private investors in small

irrigation projects involving a village or just a small group 

The 1975-76 drought, which claimed many lives of 

people and animals in various parts cf the country, gave added 

Such develop-
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Energisation of all open wells that have been abandonedricity.
or left to the local governments for domestic purposes should be

started so that greater quantities of water could be pumped for

domestic as well as irrigation purposes*.

The development of a tube-well programme will also call for

improved extension service. In view of the fact that irrigation

is an advanced technology

irrigation methods and agronomic aspects of the crops should be

The trai-organlsed for both the extension staff and farmers.

ning would involve teaching agro-business and demonstrations of

the use of modern record-keeping. The development of the tube­

well programme will also call for accelerated registration of

land in Coast Province to provide farmers with title deeds which

they could offer as security for credit purposes.

The emphasis on smaller group or even individual irriga­

tion projects is explained here from the agronomic view-point.

Wells which provide controlled water adequately, reliably, and

when and where it is needed, have been found to be more popular

systems, is not in general possible with a large-scale distribu-

cropping patterns and timing of cultivation

than seasonal canals that may have major distribution problems.

Highly-controlled water allocation, geared to optimal cropping

tion system, which for efficient water use might imply centra­

lised decisions on

* A large number of such wells in the Coast Province were dug by 
the Ministry of Natural Resources and later handed over to the 
Local Government County Councils or abandoned when nobody was 
available to care for them.

, more training pertaining to proper

and large diameter tube-wells, powered where possible, by elect-
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end water release. To the individual farms? there are great

gains to be derived frora private contra! af irrigation uater.

And a private tube-cell system would of course economise in di­

rect absorption of Government administrators. The farmer can

organise his crapping pattern according to his preference, ex­

end labour availability. For

smaller and private irrigation projects in Mombasa District end

emphasis should be on development of horticultu­

ral farming to cope with the rapidly growing tourist Industry

which earns Kenya a substantial amount of foreign exchange.

To acsac.pliah these objectives the Government may have to

review the farm credit system. The Agricultural Financa Corpo-

which has been the main Government lending institution,

in callaboraticn with the Farm Management Division of the Minis­

try of Agriculture should step-up efforts to recruit more far-

In view of themers to take credit for tube-well development.

large initial investment required in tube-well projects the size

of the small-scale loan available to small-scale farmers should

then the programme could be extended to other farriers.

This would also test' the price-response in the market place.

capital for such projects®»

ted African farmers would have to be started and if it works satis-

!

along ths Coast,

pectsd returns,

ration.

fectcrily3

capital,

be reviewed to enable private tube-uell investors to borrow enough

A tube-well trial prograone with selec-

water,

® Si.:all-scale loans are those not exceeding Shs.15,000 which are 
given to small-scale farmers (3 - 25 acres). Such loans would 
not be sufficient for the initial investment in a tuba-well pro­
ject.
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9.3*

ticn skills*
the project yields quick returns and

crops like bananas and spinach are grown. Tube-well p 'sets

should be found attractive by the lending institutions because

cf short pay-back periods and high rates of profitability

These findings, however, should

be substantiated by more comprehensive studies in this respect

in different parts of the Province and the country at large and

The Government should c.jark on an

expansion prccra:*me in those areas where positive tube-well re­

sults have been obtained and an extensive trial programme with

suitable

In the course of this study a number of areas have been iden-

tunitiss.

Another area of research wccLJ be the economics of tube-wells

in range lands where the Government is investing in water supplies.

particularly dam construction, for human and livestock conscription.

fruitful research opportunity
]

Studies on the opti&uu level of irrigation should also offer a 
i

This would mainly involve deter­

given the required management and irriga-

Although the initial investment cost in tube-wells

3

i
-

I

tified which would appear to offer fruitful future research oppor- 

For example it would be of interest to study the opti­

mum size of a tube-well project as regards the pumping capacity 

and the efficiency of water distribution in the field.

. <_O

also ever s^ac^ssive years.

and the pump-sets is high,

This study has revealed that irrigation farming using ground­

water is highly viable,

ana sntsrnal rates of return.

Conclusions ar.d Further Sesc ~ 73

can pay off the investment in one year if profitable horticultural

a few of the better African farmers in various areas that appear
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raining the cptiraura puraping time for various types and sizes of

• puraps in relation to their working life. The critical timing

of irrigation under various soils and agro-cliraatic conditions

Not only is the quantity ofis also a needed area of research.

water important in influencing the crop yield and hsr.ce the re­

but also the timing of application at different stages

of plant growth.

turna#
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Tabla 2

Crap Area Proportion irrigated

Ha.

District Agricultural Officer’s Annual Report, 1975.Scures:

2,100
1,600

300
240
100
93
50
15

None 
Do 
Over half . 
20% 
Half 
Do 
80% • 
All

Major Horticultural crape grown in Mombasa 
District, 1975

Coconuts 
Cashewnuts 
Vegetables4’ 
Mangoes 
Citrus 
Bananas 
Pawpaws 
Pineapples

Brinjals, Tomatoes, Chinese Spinach (Mchicha), Chillies, 
Okra, Sweet Pepper, Sweet Melons, Cucumber.
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Table 3

ICrop Total

Returns

Per acre

K.Shs.

5,7602,2408,0000.80

5,5199815,5000.25

Bananas

2,0742,7264,8000.20

Source: Farm Management Guidelines for Coast Province 
Ministry of Agriculture, Coast Province, 1974.

Price per 
Unit

8.00
1.00
1.00

8,000
6,000
5,200

Variable 
costs

1,705
1,867
1,360
1,570

2,603
1,375
1,965

Gross
Margin

5,397
4,625
3,225

3,095
2,933
2,740
2,180

Annual 
Yield

Tomatoes
Paupaus

Brinjals
Okra

0.80
0.80
0.80
1.50

4,800
4,800
4,000
3,750

i; 10,000 kg 
22,000I;■ '— >-----------------------------

I fruits

Mombasa District: Gross Margins of some selected 
Horticultural Crops groun without irrigation

jPer acre

J Sweet
| Melons

■ Cucumber
Cupsicums
Chillies

I Spinach

| 6,000 kg
!i 6,000 kg
| 5,000 kg.
| 2,500 kg

24,000
bundles

1,000
| bunches
I 6,000 kg

| 5,200 kg
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Tabla 7 Annual depreciation of Hain Tube-Uell Investment items

life

K.Shs.Years
S*

1304,0208,055 30 4,030

1,70017,0551,89510

70700300151,000

t

Source: Survey results

30
10
5

15

Salvage 
value in the 
10th year

2,195
3,500
NIL
200

2,200
31,500
1,800
400

Estimatec 
annual 

deprecia­
tion

70
3,150

360
30

Depreciable 
amount

I Fixed Asset {Original Expected 
cost life

{18,950

•--------
.• K.Shs.

I 4,390
35,012 
1,800 
600

I
j Tube-well
j Engine and
i pump
1 r-
i Pc.T.psned| storage tank 
or stilling 
basin
Farm vehicle

f| Spraying pumps
A
ji Lheel barrens
J CultivatingI tools
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Appendix II

I am a member of staff of the Ministry of Agriculture in
You must have heard about the drought that has occur-Mombasa

red in various parts of the country particularly in Machakos and
TheKitui areas where many people have died of starvation.

Ministry of Agriculture therefore wants to take a positive action
to help these drought-stricken areas including some parts of

This willCoast Province mainly through Irrigation Development.
involve tube-well development where there are no permanent rivers.
I am therefore seeking information concerning tube-well irriga-

You have been selected purposively to supply this infor-tion.
mation because of your past experience which I am sure you would

I would therefore be gratefullike to share with other farmers.
if you could answer the following questions:-

Questionnaire for the Analysis of Financial Feasibility of 
Tube-UJell Irrigation in Mombasa District
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QUESTIONS

Date of visit
la Name of the farmer

Uard or Location

Formal Education

Country of origin

How long have you operated a tube-well?2O

Have you gone for any training concerning the operation of3»
a tube-well

Lt, If such a course is started in the local F.T.C. would you
sacrifice some of your time to attend it?

5. Uhat is the acreage of your farm?

6. Do you own the farm or you have leased it from s landlord?

How much is the lease?
7. Has the farm got a title deed?
8. How did you develop interest in irrigation?

Caste o
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Da you work full time in ths farm or you are a part time9.
farmer?

Hou> often does the Agricultural Extension Agent visit you?10o

Does he offer you advise on the technical aspects of tube­
well operation?
QO<i OQOOO

9QQ0Q0QQ0OO»Q00au<«000000

12. UJhat is the size of the tube-well?

Depth

Who bores the tube-wells?
By what means - Manual labour or Machine?

o

14, Idhat are the costs of boring the well per foot at different
depths?

Is the flow of water regular or seasonal?15.

16. If seasonal, when is the water at tha lowest level?

At the highest level?

!?• Xs the water sweet
If salty

13.

11.

Diameter <>

or salty?
• does the water affect the growth of some crops?
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Which crops have you failed to grow with this water?
o

IB Whet is the type of the well?
Dug wall Drilled well
Ecred well Driven well

19. Cost of building the well:
Cost of sinking
Cost of lining
Other costs

the cost cf boring wells in different areas of the20. Does
District differ?

What is the cost building the pump house21.
Storage tank

L'hat is the size of your pump and engine in H.P.?22.

Did you buy it new or second hand?23.

24. How much did it cost?
25. When did you buy it?
26. pump work?

How often does it break down?

Hou efficiently does the
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27 o When do you contemplate to replace it?

How much diesel do you use per unit of operation?

Which type of diesel?
Whet is the cost of the diesel?

25. How has the escalating price of oil in the last two years
affected irrigation using dieselized tube-wells?

V O O Q Q O o o

How many tiroes do you irrigate per crop?30.
Per week

growing seasonpar

31.

Pei' day
Per week
or per month

Do you have a water tank?32.

33. How do and how much water to

How many hours do you pump water?
(hours that the pump is in working condition)

23.

you decide when to irrigate 
apply.

Uhat are the measurements of the tank? 
(hence the volume)
Time it takes to fill it

or par irrigation day?



- 186 -

34 Do you pump water throughout the year or only during the

dry season?

If throughout the years how often do you pump the water

during the rainy season?

during the dry season?

Is the well-water used for any other purpose apart from

irrigation on the farm e.g. selling water to neighbours?

Is the engine used for other purposes e.g. lighting the36.
house

37.
;•

per year

How much do you spend on repairs and lubricants?38.
Per week
Per month
Per year

39 Do you think you are under—utilizing or over-utilizing the
pump

40. What is the average life of the pump?
41. What guarantee do you get from the dealers?

How many hours can the pump work per week? 

(allowing for breakages) per month .......

42.

35.

Do you use single phase line or three phase line for elect­
ric pump? ...... ............_________________ '
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43. Hew much did it cost you to connect the single phase?
three phase

Hew much do you pay for electricity according to electric

units used par month? »

Hew have ths electricity prices changed over the last 5

years? • • Q • *

Hou has it affected irrigation using electrified tube-wells?

Do you have your own transport for transporting vegetables

to the market or you hire transport?

O O o O O

If there is a farm vehicle, is the vehicle used for other
purposes apart from faro activities?

Ldhat is the model?
Cost of vehicleMake

Cost of running and maintenance?

If there is no farm vehicle hou do you transport your47.
vegetables to the market?

Hou much does it cost to transport?

43.

cash, in kind e.B. food, houses, insurance, 
bonuses, etc. ---------------

45.

46.

Wages paid - cash, in kind e.g. food? 
Permanent labourers 
Wages paid -

Hou many people are enployed on the farm?
Casual labourers? --------
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iv9 Hou many members of your family work full time on the farm?

Adults

Children

5CU Do you use/have you ever used farm credit?

if yes ~ what is/was the source of credit?

Q

51 Under what terms do/did you take the credit?
Interest rate

Grace period

Repayment schedule

For what purpose do/did you take the credit?52®

For Farm investment?
Working capital?
Both
What proportion of the investment and working capital is
your own (net borrowed)

Where do you invest the farm income?53®
Into industry?
Back into the farm?
Both

5^. What is the
into

proportion of total farm income do you invest 
industry? ................

into the farm? ......
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55» in general that problems do you find in irrigation farming?

OOOGOQQO««G0Q

irrigation farming?

whether the pumps and spare parts are readily available

whether other inputs like fertilizers, manures, seeds etc.,
are readily available
O • (»OQO«>QOOG^OOev>aAQ

whether the required labour is readily available

whether a lot of technical know-how and experience is
required

whether crop pests are a menance

5S. Given

area or leave it as it is?
more resources - land, labour and capital would you 

increase the irrigated

Is seasonality of rainfall an advantage or disadvantage to
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is the possibility of selling irrigation water to
your neighbours?

58 Lxst the various crops that you grow: -
Crop Acreage
1
2
3
4
5
6
7
6
9

10

Do you grow the same crops every season?59.
Yes/No.
If no, which crops do you grow in what season?

(a) Availability of- assured market?

(b) Current price of the product?

60. L'hich factors influence your decision as to which crops to 
grow?

57 <,
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(c) Availability of water (Rain water or pumped water)

(d) Labour availability?

(e) Rotation requirement?

(?) Availability of capital?

Others?(g)

Do you allocate the same acreage to each crop every season?Si
Yes/fta

which crops do you allocate the biggest acreage?

Which factors influence your decision in acreage allocation?
(a) Assured market?

(b) Current price of the produce?

(c) Labour availability?

(d) Rotational requirements?

(e) Availability of water - Rain water or pumped water?

62 *

If no,
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(?) Capital availability?

Others?
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£3*

4 6 72 3

S--ed rate (kg. of seed/acre

Spacing
application rate

Cost

T otal

T otal

Cost of Pest and Disease 
control -

Costs of Inputs of Various Gregs
Alans of Crop

Pesticide cost

2
3
4
5

LABOUR EXPENSES
Goeration
Ploughing and harrowing - 
Handaya
Digging distribution Channels
- Handaya
Manure/Fertilizer application
- Handays
Nursery preparation and 
Maintenance - Handaya
Planting or transplanting - 
Handaya
kJeeding - Handaya
Staking and training - Handaya
Spraying - Handaya
Harvesting cleaning and 
packaging - Handaya

1 I
!
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64 Uho does the various operations?
a

Hou do you organise the marketing of fruits and vegetables?

idhioh kinds of customers do you have?

Hotels and Restaurants

Institutions e.g. Schools

Hospitals
Muembe Tayari vegetable uholesellers
On farm sales
Shipchandlers
Urban hawkers

Exporters of fresh produce

Private households
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