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The benchmark farm household and associated farming sys-

Objective functions,loss constrainedfocus

which maximize the production of utilizable protein, are used

the farm households.

located inMkundi and Magole areThe villages of Dumila,

the Kilosa district of the Morogoro region in Tanzania, East

Afr ica. Primary data collected from small farm heads ofwas

residing in the villages.household

The utilizable protein objective function

1) Over 90% offor stated

the provision of food, 2) Thetheir first goal in farming was

quantity and quality of protein consumed varies on the basis

and 3) An ongoing debatefood supply and dietary composition,

crucial nutritional component, the calorie oras

protein, provides choice of a nutrient
to be maximized. This research suggests that the maximization
of the production of utilizable protein results in similar

Thomas Edward Gi1lard-Byers, Ph.D. 
Department of Agricultural Economics 

University of Illinois at Urbana-Champaign,

little guidance for a

the respondentsthree reasons:

linear programs.

nia are described and then modelled using nutrition and

was chosen

THE ALLOCATION OF RESOURCES IN THE NONMECHANIZED 
SMALL FARM HOUSEHOLD OF DUMILA, MKUNDI AND 
MAGOLE VILLAGES AND THE KILOSA DISTRICT, 

TANZANIA: A NUTRITION BASED APPROACH

to the most

terns of three villages and two district aggregates in Tanza-

to simulate production choices of



those found the
K ilosa district.

Major crops produced in the villages supply protein,

calories, mineraIs, vitamins and amino acids. A ser ies of

minimum level constraints insure adequate nutrient

Utilizable protein quality is allowed to vary throught ion.

linear approximation of

quality tradeoff constraint.

Focus

disas trous loss of utilizable protein. loss elementsFocus

zable protein yield.

The linear programming model for each location is op-

a) with nutrition and focust imized: loss constraints absent,

and

model which includes production, nutrition and focus loss

constraints.

farm production patterns.
Land ,

scarce under different criteria. The marginal value product

the constraints

The maximization of devoid of
pricing information,

product ion reported.

utilizable protein,

b) with focus loss

"rat iona1"

a nonlinear quantity/

s consump-

are relaxed.

vide more

the use of a

is shown to simulate the patterns of

are developed on the basis of production patterns and utili-

production patterns as

labor, vitamins and one amino acid tend to be

included to insure against aloss constraints are

of the scarce resources decrease rapidly as

c) as a complete

Optimal results from each successive run pro­

constraints absent,

in the villages and
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CHAPTER 1
INTRODUCTION

of Dumila,

factors acting upon them.

have been combined in asources

inpopulation growth rate of

recent years.
in Tan-This chapter reviews these developmentssome of

zan ia1s

Fol lowing,ciated FHs in the villages.

research are defined and the manner for presentation of re­

sults documented.

1 .1 Historical Background
Approximately five-hundred years ago the areas of what

Mkundi and Magole villages of the Kilosa
district in the Morogoro region of Tanzania appear to have
been sparsely populated (Wiedner, 1962). ear liest dis-The

ites who had migrated from the Ethiopian region. Archaelog i-

are now Dum ila,

manner which has allowed a

cernable inhabitants were food gatherers.

Mkundi and Magole is one of limited resources.

the objectives of the

the exogenous

These were Cush-

The agricultural heritage of Tanzania and the villages

The farming systems (FS) peculiar to the villages and the

The indigenous re­

cal records show they introduced both domestic livestock and

and as so­

ever 2.5 percent (2) per annum

farm households (FH) have been adaptive in their response to

past which have resulted in the present FS
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part .

These
the ancestors ofsouthern Nilotic-speaking people. They were

the Dodog and Kalenjin-speaking groups which had previously

the north of present day Tanzania. thelived to Apparently,

close and in manysouthern Nilotes and Cushites maintained a

intimate
lines.

During the period A.D. 100 to A.D. 400 peoples of Bantu
region near

(Murphy, 1972).
The next major

group to enter the region reaching as far down as Central

the "Paranilotes.11 These wereor
A last major migra-the predecessors of the nomadic Masai.

north pushed into Uganda replacing the Abatembuzi. Elsewhere,

owing their allegiance to the Ugandan leaders.

relationship which led to intermingling of

"Plains Ni-
"Eastern Nilotes,"lo t e s ,"

The Cushites were slowly absorbed by the

linguistic origin who had been migrating from a

A second group of migrants pushed down from the Northern

migrants were settling in the western part of what today is

cases an

Tanzania (according to oral tradition) were the

the Cameroun-Nigerian border appear to have entered Tanzania

By the ninth or tenth century splinter groups of Bantu

were the

cereal crops into the East African area of which Tanzania is

groups which had settled in the lake area.

the blood

the Lwoo established smaller and less centralized city-states

regions to settle in Northern Tanzania.

tory influx occurred when the Lwoo, Nilotic-speakers from the
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Tan zan ia. The Bantu farmers by this time had domesticated
certain forms of yams

(s im s im) (Wied-

1962). Later with the introduction of maize, beans,ner ,

peas, rice and certain vegetables the basic cropping systems

This FSto have taken hold.
was to be upset later due to incursions by ivory and slave

the colonial rulers who introduced plantation style agricul-

resources
As

coastal
t ur e s.
is characteristic of East Africa today.

the Bantu encountered the Cushitic culture around

lake region.the great

countered the Nilotic groups.

linguistic marriage of the two languages. Thus

1972).

ture which exacerbated an already serious ma la 11ocation of

suiting in a

the new Swahili (Kiswahili) civilization was born (Murphy,

Further toward the coast they en-

such great numbers that the process of absorption was one re-

corporated many different languages into one.

This helped to create the Swahili civilization which
areas they came in contact with many different cul-

traders who caused labor imbalances to occur.

As mentioned

Both these groups were ab­
sorbed to

the Bantu-speaking migrants moved closer to the

a great extent while the Bantu migration continued.

of the Kilosa district appear

The new language in-

Near the coast the migrants encountered the Arab settlers in

Later yet came

and groundnuts as well as melons and sesame

crops including several cereals, okra,

from the FH perspective.
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turies along the East African Coast when sometime after 1000
the Islamic coastal settlements from MombasaA.D. to Kilwa

began to grow in size and economic importance (Martin, 1977).
The next four hundred
trade among

which was firmly established by thenew trade language,

1700's, It carriedspread inland by the late 19th century.
with it

English words.

Prior to this time and
the Mafia Island and Kilwa were all governed by

Arab governors.
who had regained control of the

colonialization (Miller, 1971). Indian financers funded Arab

The
disruption of African societies

trade in human beings.colonial rule due The effects
that the slave trade had on the farming systems in the Kilosa
district Clearly, the effects associated

as early as the 18th century Mom-

are undocumented.

British into the East African arena and subsequent British

these city-states.

to the

The Omani ruler, Seyyid Said, moved his

years were characterized by a coastal

The slave and ivory trading continued unabated until the ar­

coast from the Portuguese in

was considerable prior to the

capital to Zanzibar in 1840, which hastened the entry of the
the 17th century.

The slave and ivory trade had been carried on for cen-

They, in turn, were often ruled by Omanis

This trade spurred on by the

caravans which pushed inland looking for slaves and ivory.

a mixture of Arab, African, Indian, Portuguese and

ival of European colonial rule in the 1880's and 90's.

basa, Pemba,
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with this type of depopulation were serious. Kamarck points
that:out

an-

subsequently to give way to the exploitation of

in the Kilosa district andother resources which the FHs
depended upon for their livelihood.

disrupted by the removal of both women and child-

to devote
While sta-additional time to protection of the community.

reliable on the amount of disruption caused
it must have been Ob-enormous .

vious effects would be the reduction of food supplies and

illness and in many death. Fur­cases

the accumulated "know ledge", capita1 may have beenthermore,
through the removal of the "teachers". Many societieslost

This disruption of African societies resulted in thebers.
disruption of FS in many regions of East Africa including

trade's 
archy .

associated famine,

Unfortunately, the slave trade, in addition to be­
ing an inhuman and, in a real sense, immoral acti­
vity, was a particularly destructive type of com­
merce. It drew off from the continent human beings 
at most productive ages. Worse still, it encour­
aged tribe to fight tribe and encouraged conflict 
within tribes. Finally, and perhaps most impor­
tant, any advantages that Africa derived from con­
tact with the rest of the world-learning of some 
skills, the introduction of new foods such as maize 
and manioc-were more than offset by the slave 

plunging vast stretches of Africa into 
(Kamarck, 1971)

disintegrated under the pressure of continued loss, of mem-

tistics are not

s ive were

This was

ren for the slave trade.

Agricultural activities which were highly labor inten-
other areas

to the agricultural sector

The males were forced
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Tanzania and the Kilosa district. The interrelationships

(1) The

forced re­

sulted in known farming techniques becoming obsolete, and (2)
the typically smaller amount of labor resources available

partitioning of Africa along geopolitical boundaries between
European countries. 1885 is
chronicle of the colonial era and its effects

tural sector of Tanzania (Cellar, 1977). 1885 marks the year
IIin which the II Scramble for Africa inaugurated through thewas
The effects of colonializa-Berlin Conference of 1884-1885.

the FSs in thetion in Tanzania and subsequent effects on
The most

obvious being the introduction of the plantation system of
farming and government taxation. It must be remembered that

German traders had been setting the stage

protectorate in 1885.

Between 1914 and 1918, German protectorate came underthe
Taxation took the form of directBritish control.

Again,

tion of the human element of the FS due to the reallocation

migration into different physical environments

between the FS and the FH were strained in two ways:

a useful date to begin the

were far reaching.

for nearly 25 years

CoIonia1ization was based on autocratic rule and the

villages of the Kilosa district

on the agricul-

as the poll tax and indirect taxation such as price controls

for their government's declaration of a

taxes such

turns to the producer. the effects were the disrup-

after a series of slave raids.

placed on cash crops to skim profits with only marginal re-
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of labor toward the production of cash crops for export to

Germany,

modities of Tanzania. This

of farming activities, initially by the government and later
companies and concessionaires given monopoly power,by private

eventually

Addit ionally,FH.

For example, rinderpest may have been intro-coastal regions.
duced by draft animals used in the Italian invasion of Ethiopia

(Kamarck, 1971).1890's the fewin the late Over next years

killed by the disease resulting in a

of East Africa. With

associated return

Some regionswell as Tsetse fly.

have had difficulty in reintroducing domesticated livestock

since that time.

s ,
torial governments with the mandate that they should be self-
support ing .

This policy

The introduction of agricultural and mineral prod-cotton.
rapid expansion of cash crops such as

reorganization and prioritizing

explains some of the

to the bush, wild animals as

in the 1880'

millions of cattle were

Britain and other countries demanding the com-

livestock depopulation of large areas
this reduction in livestock numbers came an

Thus the territorial governments were obliged to

The British East African Company, which had been set up

ucts into the European markets also increased the demand

impact on the livestock producing areas along the East African

earn revenues from whatever sources they could.

led to the evolution of the division of labor in the

eventually failed and was succeeded by terri-

the introduction of disease had significant
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within Tanzania for better transportation infrastructure.

goals of British territorial governments and borrowing foreign
exchange they began to borrow for the development of trans­
portation linkages.

to African FHs which

the major ityroads. Prices paidHowever,

for cash crops from areas where transportation
corporated the lower transportation cost.

flat rate for all of the commodity the transportation costs
road made them less competitive.

By the 1930's the traditional FH had come to depend on a

little disposable income. How­

ever,
culture the small FH became less competitive resulting in

This continued reduction in disposable in­lower incomes.

Throughout the

there were periodic uprisings.the British in 1961, These
This led to

food production shortfalls and associated illness and disease.

colonial period, beginning with the Ger-

come associated with greater demand by the governments for

source of revenue

for those not along a

to pay taxes and provide a

were fortunate to be located along the

small amount of cash crop production as a

1950's which has continued to the present time.

additional revenues caused a retrenchment of the FH by the

as more resources were allocated to large scale agri-

This resulted in some peripheral benefits

mans in the 1800's and culminating with independence from

inevitably resulted in loss of crops and income.

were not so lucky.

Even though a conflict existed between the self-sufficiency

Since this was a
was good, in-
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By 1950 it had become clear to many Tanzanians that formal

British presence must be withdrawn. This conclusion evolved
as

education. intended to train workers
skilled enough to implement policy both physically and intel-
lectually. What actually occurred

elite whose advancement beyondeducated

blocked by the colonial powers. Through education they became

press ion.

(TAA) meetings. The 1954 conference dealt with the general
themes of education for Africans, taxation policies on agri-

others (Kaniki, 1980). The
conference objected to proposed taxation of
stock which led to unreasonably reduced profits for the pro­
ducer. intended to be attached to prices

governors .

Julius Kambsrage Ny-

a year had proposed a

one of which dealt with

a certain level was

Colonial education was

a result of colonial practices,

This would result in lower net incomes accruing to

A tax on cotton was

which were already set near cost of production by the colonial

the seed of independence was planted by ninety years of re-

TANU was born from the 1954 Tanganyikan African Association

constitution which was accepted and

erere was elected Territorial President of the TAA and within

was the development of an

aware of rights which were felt to be unalienable and thus

The political forum through which independence was to be

FH in areas like the Kilosa district.

cultural commodities as well as

gained was the Tanganyikan African National Union (TANU).

crops and live-
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prepare the Tanganyika African for self-rule

1961.
Following independence concern grew over the state of

the economy including the agricultural and service sectors

during hisand the fledgling industrial sector. In 1967,

Nyerere stated that the expectations for development of the

country could only be realized through agriculture and the
The Arusha Declaration emphasizes selfpeople of Tanzania.

re 1ianc e ,

Since the Arusha Dec­foundation for economic development.

This interpretation
IIbrotherhood" vi1lagization program whichthe Ujamaa r e-

portably affected approximately 75% of Tanzania's agricul­

tural population by mid-1976.

then
(Nyerere, 1971)

rejection 
distinct

The program was undertaken to

meaning as follows:

objective was to

was evident in the development of

Inherent in the Arusha Declaration is a 
of the concept of national grandeur as 
from the well being of its citizens and a rejec­
tion too of material for its own sake. It is a 
commitment to the belief that there are more im­
portant things in life than the amassing of riches, 
and that if the pursuit of wealth clashes with 
things like human dignity and social equality, 
the latter will be given priority.

well as a

Independence came six

reduced emphasis on the industrial sector as the

TANU's first

hard work, intelligent use of limited resources, as

formed the foundation for the TANU orgnization.

and to gain the country's freedom.

laration, President Nyerere has paraphrased the intended

years later on the 9th of December,

presentation to the party Congress at Arusha, President
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discourage the development of rural capitalism. While

drought has exacerbated problems faced by the agricultural

judgment.

Today between 80% and 90% of the population of Tanzania

urban sector which is growing and will continue to grow rela­
tive to numbers in agriculture. A population growth rate of
over 2.5% per annum means that the absolute numbers in both

agricultural and urban sectors will continue to grow well
Kilosa district,into the twenty-first century.

agricultural center, must produce a

urban population.

Dumila., Mkundi and Magole.

ported per year to Tanzania and the trend has been toward
theAtlarger

World Bank statistics show that food production per capita has

fallen from approximately 100% in the 1969-1971 base period to
1981). This implies

for the limited resource FH may be deteriorating. Aggregate

This will have to come from villages like

are part of the FHs.

More equity may exist among FHs now than previously;

resultant food shortages, resulting perhaps, from human mis-

The agricultural sector must support an

imports (Gerrard and Roe, 1981).

as an

that in the short run the possibility of adequate nutrition

surplus for the growing

and 1978 approximately 100 metric tons of food crops were im-

same time,

sector in Tanzania so has the misallocation of resources and

94% in the period 1977-197 9 (World Bank,

however, costs have been incurred. For example, between 1964
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support this contention. In 1977 the
average daily calorie supply estimated to be 2,063 cal-was
ories for Tanzania. This is approximately 89X of what the
typical Tanzanian would require daily basis. This

irprestige" cropsshortage is exacerbated by substitution of

cabbage for crops of higher nutritional value such as

The FS in the Kilosa district has been affected by both
The human element

has adjusted each time to these shocks.
Lages of Dumila, Mkundi and Magole are a product of the in-

agricultural policy mayteraction of these factors. Clearly,
be implemented more quickly today than it could years ago.

Whether the policies implemented result in the expected im­

provement of the FS and the ability of the FH to provide im-
easily answeredques t ion more

This dissertation will consider these prob­in retrospect.
from the perspective of the farm household and its in-lems

It is hoped that results will help theteraction with the FS.
FHs meet their perceived needs.

1.2 Object ives

lages of Dumila, Mkundi and Magole in Tanzania. A single
sources in the nonmechanized small farm household of the vil-

on a

proved living conditions is a

man-made as well as environmental factors.

such as

The central objective of this study is the estimation of

statistics appear to

The FSs in the vil-

alternative allocations, based on nutrition, of scarce re­

wild spinach (Kreysler and Schlage, 1969).
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period model of the farming systems in the villages acts as
the basis for the estimation. Justification for a single
period model comes from the assumption that the FH of the

the basis of minimum
subsistence requirements. Increased income is derived from

Increased
food security is derived from consumption of products of

higher quality in larger quantities.

The specific objectives of this dissertation are :
Examine the major economic determinants of agri-1.

cultural commodity supply at the FH level in Du-

Tanzania .
Estimate the current nutritional intake level of2 .

Estimate the economic effects of changing selected3 .
input supplies and corresponding adjustments in

agricultural output.

4 .
cultural production by the FH in the villages.

Suggest policy alternatives for agricultural plan-5 .
ning within the district.

1.3 Sources o f Informat ion
Information dealing with objective one and two was

gathered from sources at the University of Dar es Salaam at

district makes enterprise decisions on

FHs in the villages.

mila, Mkundi and Magole in the Kilosa district of

Identify the greatest constraints to increased agri-

additional marketable surpluses in the short run.
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Morogoro in Tanzania.

estry and Veterinary Science at Morogoro has been involved
with data collection describing the farming systems in Kilosa

and is continuing to do While much of the effort has beenso.
directed toward research on increasing the productivity of
beans many ancillary projects have been carried out by others

Research Program (B/C CRSP) and the direction of Dr. Jean Due

from the University of Illinois.

cient information is available to focus
in the Kilosa district.determinants affecting the FHs

Additional information has been gathered from both pri-

These
libraries and correspondenceinternational centers,agenc ies,

with other groups.
Objective two is approached through the

the nutritional value of food consumed. Much of this

Supplemental
information is drawn from United Nations Food and Agriculture
Organization (FAO) publications.

portant component of objective three.

Objective three is estimated through the development of

Data

use of informa-

a mathematical program using linear programming (LP).

on the major economic

The Faculty of Agriculture, For-

vate and public sources.

tion on

From these data the suffi-

carried out under funding from the Bean Cowpea Collaborative

The 1980 Bean/Cowpea Survey (1980 B/CS) was

Objective two is an im-

at the Faculty.

sources include consulting

information is available from the 1980 B/CS.
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sources .

The program incorporates information on nutritional
levels which exist in the district. This is done in

ion similar to that of Victor E. Smith of Michigan State

University (Smith, 1975). Smith has made allowances for both

protein quality and quantity in his model.

A risk protection technique called loss"of
analysis proposed by G.L.S. Schackle and expanded upon by

is used (Schackle,Jean-Marc Boussard and Michel Petit 1955,
Boussard and Petit, 1967).1961 ; The approach assumes that

very small possibility for
ruin exists. Ruin is defined in terms of the minimum level
of income needed for consumptive purposes or by some other
criteria. Boussard and Petit thata s s urn e

fraction of the total permitted loss.

inclusion of

linear program of this complex­

ity exists at the University of Illinois in the form of com­
puter hardware and staff. The Control Data Corporation APEX-

111 Out of Core System 1 linear programming system (APEX) is
line at the University of Illinois (Control Data Corpora-on

tion, 1979). This

cropping activities.

The capacity to handle a

farmers diversify so that only a

to develop the LP are supplied from previously mentioned

program was used to run the linear program.

a fash-

one crop is only a

a vector of loss coefficients associated with

the "focus

the focal loss of

The focal loss concept is introduced into the LP through the
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Objectives four and five
output generated by the LP .

1 . 4 Organization o f the Diss ertat ion
First, pastdealt with three themes.Chapter one

historical activities that affected the FH and consequently

Secondly, the demand for villages such
surplus of agricul-Mkundi and Magole to supply a

Thirdly, the interaction ofcons idered.
and FH in meeting the demands placed upon non-mech-the FS

modelled.
the villages sampled and inter-village compari-techniques,

and the FH are de-sons.

lineated and expanded upon.

The focus of chapter three is a review of pertinent

Sources of information dealing with theoreticalliterature.
and applied aspects of linear programming (LP), focus of loss

search undertaken in chapter four.

The

ented LP model with production and risk aspects inherent in

a description of the FSs

a s Dum ila,

the FS were reviewed.

Specific attention is paid to data collection

The concepts associated with FSs

discussion centers on the interaction of a nutritional ori-

tural commodities was

Chapters four and five describe model specification.

district were examined.
Chapter two consists of

are met through analysis of the

The information is consolidated and used to direct the re-

anized producers of agricultural commodities in the Kilosa

risk constraints and nutritional requirements are surveyed.
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in the LP modelthe FS.

M kun di and Mag ole.
analyzed in chap-

A
labor constrained LP, 2)1) laborfrom:

land ,

tritionally and risk constrained LP.

suits of different model

constraints affecting the FSs.
offers conclusions drawn from the re­

Areas which need furthers earch.
Alternativeuseful methods to accomplish this

policy decisions which emphasize nutritional sufficiency,

specifications supply insights into

series of model specifications produce results

are outlined.

The results generated from the LP are

surplus production and reasonable risk are considered.

Chapter seven

a land and

study are suggested and

ter six.

labor, nu-
Comparison of the re-

and nutritionally constrained LP and 3) a

a land,

using data gathered, from a subsample of FHs, in Dumila,
All three aspects are combined
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CHAPTER 2

CHARACTERISTICS OF STUDY AREA

2.1 Farming Sys terns in Dumila, Mkundi and Magole

Norman and Gilbert have stated that the Farming System
unit of production and the farming household (FH)

inextricably linked (Norman and
Gilbert, 1982). This being the
with the interaction which results from this symbiotic rela­
tionship . The FS which is adopted is function of the allo-a

the FH which in turn is
environmental elements restraining the FS.

The environmental elements may be divided into technical

Norman and Gilbert point out:and human elements. As
technical element reflects what the potential of the FS could

The technical element reflects physical and biologicalbe.

be modified to affect performancesome of whichfactors, can

(Norman and Gilbert, 1982).

(1) exogenousbe divided into:The human element can
variables, those dealing with societal influences which are
largely outside the control of the individual, and (2) endo-

partially within the domain of personal control (land, capi-
labor and management).tai,
These concepts provide

tern at work in the villages of Dumila, Mkundi and Magole in

of the FS"

"The

as a

a general boundary for the sys-

unit of consumption are

cation of resources of a function of

is necessary to deal

genous factors, those dealing with variables falling at least

case it

(F S) as a
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the Kilosa district of Tanzania. When looking at the FH and
the en-

similar between villages it might

if similarities do exist andFurthermore,

improving the well being of individual farm families. In a
system which is relatively homogeneous welfare increases for

and district aggregates.

propriate resource management for
tailored to incor-The objectives of this research are

porate secondary sources of data with the primary survey re­
results give quantified infor-search results.

mation on certain aspects of the FS in the villages. Ho w-

the information is incomplete and therefore needs to beever ,
This is done throughto plausibility.tested internally as

link betweenduction aspects of the model.

(LDC's),tries It

the human factors mentioned previously. The physical need for

Mkundi and Magole.

also incorporates implicitly

are positively cor-

vironmental amenities are

a whole .

the individual may very well be transmitted to the'village

The survey

FS many similarities are evident.

long term effects be taken into consideration to ensure ap-
soc iety as

be hypothesized that similarities would exist among villages.

related in response to stimuli then progress may be made in

sustenance is the major agricultural stimulus in Dumila,

This creates a

the FS and FH.

To the extent that

two important aspects of agriculture in less developed coun-

the incorporation of nutritional requirements with the pro­

In turn it must be assured that
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The internal check
model is increased through the use of focus loss risk con­
straints.

per decision choices on the part of the FH but also maintains

diversification of the FS through minimum levels of produc­

tion of major crops. A mix of foodstuffs is insured which

in the diet. If the latter is
true and important nutrients undervalued the focus lossare

This very important concept

given the level of knowledge, only about the FS but alsonot
the FH. every

include focus loss constraints.there would be no
need for any type ofwould there beNor , a

risk activity. Therefore,they areHowever, not.
loss constraints will be included with the expectation they

production behavior.will be active in modifying
the stage described the de-at as

1982).scriptive process (Harwood,

stage with which to begin it does have offsetting

benefits.
search at hand be the focus of original objectives which had
been targeted according to environmental realities. Prior to
the descriptive
be identified and subsequently the descriptive work tailored

appropriate

stage the objectives of the research should

provide important nutrients

reason to
factor in the FH were known

the re­

constraints will be active.

on the production aspects of the

This research picks up

is a

for that mat ter,

While this may be

These not only act as a precaution against impro-

Harwood and this author would prefer that

an in-

the focus

In other words, if
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The lot of

data.

piementation takes the form of nutritional activities which

strengthen the model.

to the descriptive and methodological stage

of the research undertaken. The descriptive aspects of the

FS and FH will be dealt with from the perspective of the

both the production and consump-Therefore,
tion activities will be described separately and later inte­

grated along with risk parameters to develop the system.

2.2 Primary Data Sources
provided through a

in the Kilosa district by faculty and stu-survey carried out
from the University of Illinois and the University ofdents

Dar es Salaam at Morogoro.

planners were the selection of sites which included bean pro-

The villagesduction and year-round accessibility. chosen on
this basis were Dumila, Mkundi and Magole in the Kilosa dis­
trict .

They
were chosen randomly from
of all families in the villages. Every jth name was chosen

a registration list with the names

a problem to

from the list on which the names were assumed to have been

Original data for the research was

The data must be supplemented.

the graduate student is not one which often allows this

Fifty-eight FHs were selected from the villages.

Two primary concerns for the

In this case the sup-

to the data needs of meeting those objectives.

needs of the FH.

This leads

luxury, thus the offsetting benefit of fitting
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randomly placed. The resulting FHs were subsequently enumer-
time basis and the information coded andated on an-

The results are found in the publication iialyzed. Two Con-
in Morogoro Region, Tanzania" (Due

and Anandajayasekeram, 1982).

The objectives of this research differ from those of the

work listed above. All FHs which reported the use of medi­

an ized

pose of this study.

located in both Dumila and Magole.FHs.
located in Mkundi. These FHs

for this research.
inThe dissertation titled

Maize-Legume Farming System in the Kilosa District: Tan-a
1982).referenced frequently (Manday, forDatawas

conducted atsurvey
single unit.as a

ite specific as that fromWhile this information is not as s
Where data from thisthe villages it has been very useful.

it has been properly referenced.

2.3 Locat ion
Kilosa district is located in the Morogoro Region of

Mkundi andThe villages of Dumila,Tanzania, East Africa.
Magole lie in the northern half of the Kilosa district.

Dumila and Magole are located along the Dodoma-Morogoro town

equipment, such as

trasting Farming Systems

with the Kilosa district

zan ia"

a one

an earlier time.that work came from a

"An Analysis of Resource Use

The remaining twenty FHs were

were used as the data source

source has been used

The sample size was

The survey dealt

Thirteen FHs were

tractors, were deleted for the pur-
reduced to forty-six
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road (Due and Anandajayasekeram, 1982). Magole is located at
the coordinates 6 degrees 24 minutes South latitude and 37
degrees 25 minutes East longitude.

degrees 19 minutes South latitude and 37 degrees 23 minutes

East longitude (Department of Interior, 1965).
Mkundi and the Kilosashows the location of Magole,

district .

2.4 Rainfall
Over much of Tanzania including the Kilosa district,

rains begin in late November and may continue into April,
lasting about five monthsthereafter the dry

(Kenworthy, 1966). The rainfall period between November

the longerand April may be characterized by two seasons,

and more pronounced starting in March with its peak in April.

The long rains are a major determinant of the quality and

quantity of the crop production for that year.
annual rainfall at Morogoro Meteorological Station is between

760
Rainfall data from the Ilonga Research Station,1981) . the

Figure 2 givesin Table 1.
rainfall data from the three areas.

millimeters (mm) and 1600

season occurs

a graphical presentation of the

mm (Anandajayasekeram et al.,

Kilosa Agricultural office and the Berege Mission is presented

Figure 1

The average

The map in

Mkundi is located at 6
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Berege Mission

Month 1919-1969 1919-1969 1919-1969
(mm) (mm) (mm )

135.4 140.7123.2January
February 132.8 116 .6131.1

180.6 127 .5March 213.1
Apr i 1 209.3 131.1206 .5

82.816 .0 73.7May

14.0 16 .09.7June

8.66 . 19.7July
13 .0 2.812.7Augu s t

2.817 .813.7Sept ember
32.3 13.035.6October

82.8 92.5 39.4Novemb er
141 .0147 .6 102.1December

1034.6 7 83 .4

= 25.4 MM
Unpublished Ph.D. DissertationManday, Emmanuel,Source:

Ilonga Res . 
Station

Kilosa Agr ic .
Office

Total 
Millimeters 1015.6

1"

Table 1. Mean historical rainfall patterns for the Ilonga 
Research Station, Kilosa Agricultural Office and Berege 
Mission, Tanzania, 1919-1969.
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2.5 Land Tenure

The intensity of agricultural production is also af-

prevalent in the
Kilosa district. All land is publicly owned and will continue

to be in the eyes of the government (Ministry of Agriculture,
1983).

There are four types of tenure arrangements prevalent in

(1) customary, (2) communal,Tanzania. (3)
leasehold and, According to Man-
day, up

cording to customary land tenure arrangements (Manday, 1982).
It appears that the customary land

Kilosa district
The K Q.g u r u were closely related to

lineag ewell documented tenure arrangement.

membership which implied the right to live and cultivate on

present government land policy if the land is not given up

voluntarily (Young and Fosbrooke, 1960).

Other aspects of importance also exist.

system of payment by "outsiders". A payment for the

use of land by a FH which had migrated to the area of the Lu-

generally a share of the crop produced on theguru.

The share going to the controller ofland. the land could
not be sold.

"ngoto"

associated with the Kdguru tribe.

fected by the land tenure systems which are

(4) rights of occupancy.

to 90Z of the land in the Kilosa district is held ac-

was one
tenure system in the

the Luguru which have a
The basis was a

These are:

This seems to have been incorporated in the

One is the

lineage land.

This was
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Both female and male possess lineage rights but child-

fa er s. defined right to land but in

If one of these children marries

son of similar status they will be of still lower status.

This lower status results in that FH being forced to pay

This system may have resulted in cross-cousin marriages among

dissipation of lineage wealth.

lands outside the designated village while borrow-new area,
ing and renting of land is also possible. Table 2 presents

Only in Magolethose responding.
interesting to find that fifteen respondentsIt ispurchases.

in Mkundi said they would clear additional land while two

land available.reported no

able for the two due to circumstances outside their control.

it is apparent that additional land is available forOverall,
the majority of FHs. It would be useful to understand why

unavailable for 11% of the respondents. Unf or-
tuna t e ly, the answer is not deducible from the survey find­
ings .

"ngoto"

a per-

These children maintain a

land was

an inferior status.

The customary land tenure system allows the opening of

the methods used in the acquisition of additional land by

Apparently the land was unavail-

as they would if they were from some other area.

the Luguru to avoid the loss of status and the associated

were there reports of land

ren born on the father's land are no longer full lineage mem-
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government policy sets property rights. The government of
!

attempt to restrict the growth of rural capi­
talism restrains the tenure system by applying the following
principles:

Villages will have1. land allocated on

leases .year

land2. The to any

household for the entire period

This will be done in consultation with government3.
emphasizing conserva-ag enc ies. A land tenure arrangement

utilization and improvement of the land will be imple-t ion,
mented with consideration for traditional practices and be­

liefs .
4. Each FH will be restricted from the free sale of the

lease may be surrendered to theland leased to them. The
village and compensation paid for any improvements and or

permanent crops given up (Ministry of Agriculture, 1983).

2.6 Size o f Ho Id ing s
The FHs enumerated and used in this research are dis-

hectare (ha.) totributed within the Asone

from Table 3 almost half of these fell within the twoseen
size classification. Seventy-five percentthree ha.ha. to

within the two The hectarage in­fell

Tanzania in an

a basis of 999

ha. to four ha. range.

will be sub-a 1located by the village
or any shorter period.

six ha. range.

Clearly the tenure system is difficult to modify when
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Table 2. Methods of acquiring additional land.

Mkundi All VillagesMethod Dumila Magole

3No . No . No .
Clear additional land 15 4 59.17

4.5Rent add it iona1 land 2

Borrow additional land 4 20.532
4.5Purchase additional 2land
11.4land available 32No

1003

1980 B/CSSource :

Table 3. Distribution of plots (shambas ) . by size.

All VillagesDum ila Mkund i Mag oleSize

Z(Ha) No .No .No .
00001 .0Less

4 1320>1.0-2.0
4 4611>2.0-3.0 6
5 294>3 .0-4.0 4
0 7>4.0-5.0 1 2

40>5.0-6.0 1 1
132012

responding is less than 1003 due to rounding .
1980 B/CS.Source:

* Percent

993*
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eludes all plots (shambas) which either cropped or fal-wer e
lowed by the FH.

2.7 Ag e s o f Farm Household Members

The age distribution of FHs used aswas
riving the consumer units (CD). The CUs are

pect of the nutritional requirements used extensively in the
Table 4 presents this information onmodel specification.

It is believed bythe basis of aggregate village responses.

This is especially use­

ful when dealing with nutrition of the FH in any manner.

2.8 Goals o f Farm Hous eholds
Each head of the FH was asked their family's primary ob-

Table 5 shows that of those reportingjective in farming.
in each village said their foremost objective (goal)

the provision of food for the family. This isin farming was
surprising due to the economic and human element withinnot

It is imperative that yearly consump-which the FH exists.
tion be maintained above Income

the second most important objective (goal) by

This
clearly indicates that these farm households view the supply

minimum nutritional levels.

a basis for de­

mote useful figure

than the age of farmers interviewed.

No other objective was reported.over 902 of all FH.

over 902

was listed as

the author that age composition by FH is a

an important as-

of adequate food as their most important goal.
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by sex and maturity

Maturity: Dumila Mkund i All VillagesMag ole

No . No . No .

Adult :

1.351520Male 27
1.2617Female 18 23

Adolescent:
0.61109Male 9
0.575Female 11 10

0.336> 7-9 2 7
0.264> 4-7 5 3
0.0703> 1-3 0

0001 0<
n = 13n = 20n = 13

4.45Average Members/FH

Source = 1980 B/CS

Table 4. Age composition of the FHs, 
groups .

Average No. per 
age grouping



33

Table 5. Ranking of objectives obtained through farming.

Dumila Mkund i H a g o 1 e All Villages
No . No . %No .

2

13 19 13 45

2.9 Crop Choice Determinant s
emphasizes the importance of food supplies andTable 6

Deleting those individuals who respond-the choice of crops.

ed ambiguously, 75^ or more said food value was the main crop

This is assumed tochoice determinant.

and palatability of foods when consumed in combinationsvalue
It is interesting that only in Dumilawith one another. was

choice determinant and then only by

Contrary to whatthree farm households.
mentioned asof marketing wasease

This suggests that there is little problemonly one person.
with marketing or

Objective No. 1
a) Food
b) Income

13
0

13 
0

18
1

18
1

12
1

12
1

95.6
4.4

95.6
4.4

Ob j e c t ive No■ 
a) Income 
b ) Food

might be expected,

a choice determinant by

that the concept behind the question was

price mentioned as a

mean the nutritive

Source: 1980 Bean/Cowpea Collaborative Research Support Pro­
gram Survey (1980 B/CS).



34

Table 6. Crop choice criteria.

Dumila Mkund i All VillagesCriteria M a g o 1 e

%No . No . No .

6212 5Food Value 9
Ease of Marketing 513
Availability of Seed 23

Price if Sold 73
246Amb iguous
4218 1212

1980 B/CSSource :

One explanation of the lower pricesnot clearly explained.
received by Mkundi farmers is that little information is dis­

seminated to
the differencesThisby villages. on

in land
person that seedalso reported by onevillages. It was

choice. While it is notavailability in Mkundi affected crop
the village it alsois representative ofclear whether this

land utilization.wouId affect

might also shed light
utilization patterns in Mkundi relative to the other

the FH about price differentials in other near-
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2.10 Cr opp ing S y s t ems Represented in the Villages
Table 7 presents the different intercropping and inter­

systems reported in the villages.cu Iture

terns were reported being used by more than 38% of the re­

Intercropping is importantspondent s.

n ique. Both resistance to pest damage and drought motivate
Intensification of ag­

ricultural production acts
(the planting of arable crops below perennialof crops

crops).

f icat ion

in their enterprise choices. It

types of activities but do not rely on them exclusively for

modelling of the villages.

2.11 Marketing of Agriculture 1 Output

ever,

One

villages.

maize accounting for 36% of their total maize output. While

meeting their consumption requirements.

Food supply was the primary objective of farming; how-

the use of intercropping techniques.

as an insurance tech-

None of the sys-

a substantial marketing of produce occurred, resulting

as the catalyst for interculture

in the majority of income accruing to the farm household.

aspects of these activities are present implicitly

not specifically identified as separate activities in the

can see from Table 8 that food crops were sold in each of the

As such, they are

not as high a percentage of households sold other "sub-

the FHs in the three villages actively participate in these

The interest of the FH in the insurance and intensi-

is clear from Table 7 that

For example, in Dumila over 75% of the FHs sold
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Mkund iDumila Magole
No .No . No .

Intercrop:
Cereal/Cereal 110

3Cerea1/Tuber 1 0
10C erea1/Legume 84
1Cereal/Fruit 1 0
1Cerea1/Oil Seed 1 0
0Tuber/Legume 01

I0Cotton/Oil Seed 01
i>0Oil Seed/Legume 21
iInterculture:

1Tuber/Fruit Tree 02
2Cane/Fruit Tree 11

! ?34Cereal/Fruit Tree 0

1980 B/CS.Source:

1

i •>
i

Table 7. Dominant intercropping and interculture patterns of 
FHs in the Dumila, Mkundi and Magole villages.

r 
i^-l 
i
i

’“information for intercrop and interculture is drawn from the 
original sample of 58 respondents. Intercrops and intercul­
tures may consist of more than one system. Therefore, double 
counting exists in the table.

Number of Respondents Report ing 
Intercrop-Interculture"
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sistence-cash"

S-C crops.
Sunflower which was not consumed in Dumila was consumed in
Mkundi and Magole. It is not obvious why this apparent in­
consistency exists. pro­

of the major crops produced beans and

sunflower have the highest percentage of protein. The ques­
tion of nutritional adequacy is dependent

These will be ad-
four and five.

2.12 Land Resources o f the Farm Hous ehoId

The median plot (shamba) size in the villages ranged
in Mkundi.in Magole to 0.8 hectaresfrom Table0.6 hectares

9 presents this information and also provides

the number of shambas operated by the FH as well as distances

considerable difference which exists into plots.
in both Dumila and Magole main-the distance variable. FHs

tained shambas In
Mkundi the average distance less Also, thewas

number of shambas operated in Mkundi was one less than in the

e s.
On the other hand, the reported size of the shambas were
larger in Mkundi. This difference in size may answer the
question of why fewer shambas operated in Mkundi. Oneare

might expect farming intensity to be greater on the shambas

over two miles away from the homestead.

There is a

than one mile.

received substantial revenue from the sale of
large a scale,

information on

on many other as-

tein as are beans.

(S-C) crops on as

other villages and less than the median for all the villag

pects of the FSs in the Kilosa district.

dressed in greater detail in chapters

Sunflower seed is a good source of

the FHs still
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Table 9. Shamba (farm plot) information.

*

(Ha) (No . ) (Miles)
Dumila 0.7 4 2.4
Mkund i 0.8 3 0.9

4 2.8Magole 0.6
All Villages 4 2.40.7

Survey Results.Source:
* Rounded to nearest whole plot.

As land is brought into productionclose to the homestead.
further from the homestead,

the additional inputs necessary to farm it. Thisrespect to
labor resources

available due to travel time and quality of the land. As sum—
the further the plot is away from the

homestead the more marginal it becomes.
from the work site becomes greater the costs associated with

producing on the distant shamba increases.

in the situation ofOf course,

Average
Size of Shamba

Average Distance 
of Farthest Shamba

Average no 
of Shambas

ing this to be the case,

it may be more marginal land with

a value is placed upon a

decreased production and resultant food shortages land may

land may be allocated less of the scarce

pant in the FH of the FS.

person's time as an active partici-

As travel time to and

This assumes that
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a value much greater than that associated with travel
t im e. However,

gained from the farthest parcel will not be equated with the
production foregone on other plots
intensively. Unfortunately it is impossible to determine the

the distant shambas due to infor­
mation gaps.

The median size of each shamba is 0.7 hectares with four
shambas per FH. This suggests that the median size of the

all vi1lages is approximately 2.8 hectares.
reported median hectarage of 2.79 hec-

the aggregate of all villages.

2.13 Labor Resource Availab i1ity

Figure 3 represents the cropping calendar for the vil­
lages of Dumila, Mkundi and Magole in the aggregate. All of

consuming activities for different crops.

activities there is overlap between periods. Both of these

quirements might be anticipated.

that the time period February-April would require maximum la-

This associated with the land preparation,bor availability.

similar periods during which specific agri­

combined provide a general idea of what type of labor re-

a margin exists such that added production

types of crops produced on

which can be cropped more

a guideline

This corresponds to a

on the cropping calendar represent maximum overlap of labor

the villages have

take on

can be used as

Furthermore, among

cultural activities are undertaken.

farm holdings for

tares for

in looking at land uses.
However, the concepts

One would expect, correctly,

The blocked out areas
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planting and weeding and removal activities convergingpest
is spec if i-labor bottleneck. It

cally this type of constraint which may be amenable
creased flexibility. the harvesting-marketing periodAlso,
of May through August represents another potential labor
bottleneck. The crop calendar represents the periods where

labor must be allocated to these activities. It does not
labor which is availablerepresent the actual amount of

during these periods.
Table 10 shows the amount of labor which is available to

monthly basis and that which is r e-
The laborquired for the production of the major crops.

304 day work year.
religious holidays, s icknes s,

The normal work-other social activities and days of rest.

ing day is assumed to be eight hours.
The labor availability of individual FHs aggregated

the constraint level for labor.by vi1lages

The labor
presented in Table 11.
plied to all villages.

Furthermore, many dif-the production of the ma ior crops.

ferent activities
the actual amount of labor available for crop produc­er ea s e

No information is available for these othertion activities.

All labor is not performed solely on

the benchmark FH on a

available is based upon a

are undertaken during the day which de-

These coefficients are used and ap-

The sixty-one

is used as
equivalents in male equivalent days (MED), are

upon one another creates a

t o in­

days excluded are allocated to
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Age of FH Members

Sex :

Male .25 .50 .67 1 .0
Female .25 .50 .67 1 .0

the figure devel-activities from survey results. Therefore,

oped by Heyer for a small
basis for adjustment81% of a 48 hour week is usedwas

(Heyer, 1966) . The figure of 81% of work time allocated to

the production of major crops is adjusted because it is like­
ly that at peak labor demand periods other jobs which compete

it is assumed that 95% isTherefore,

crop enterprises at peak labor periods. There are other

iods .

(Yrs) 
4-7

(Yrs)
>7-15

(Yrs) 
>15-19

(Yrs) 
>19

sample of sixteen families which

Table 11. Female and male equivalencies used in the estima­
tion of male equivalent days (MED) of available labor.a

aMEDs are derived from information found in Due and Ananda- 
jayasekeram (1982) and standardized to ages operative in 
estimating values for consumer units (CU).

functions which must be continued even during peak labor per-

a maximum amount of labor that can be supplied to these major

as a

for labor are foregone.
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being allocated to major crops.

1. The cropping calendar which presents major cropping
ten month period.

ac­
tivities approximate this figure.

Activities other than those directly related3. theto

2.14 Capital Resources Available

The physical capital of the FHs very

exclusively of tools used in1im i t ed. consisted almostIt
Most of the value tied up in capital iscrop production. as-

(machete) would besociated with the hoe. Hoes and pangas
used during weeding and harvesting respectively. The panga

land or bringing fal-would also be useful in clearing new
From Table 12 it island back into production.lowed s e en

the median FH owned capital equipment valued at approxi-that

(T.Sh.mately 120 Tanzanian Shillings One T.Sh.

equalled U.S. $0,125).

2.15 Major and Minor Crops Produced in the Villages

Table 13 exhibits the
different allocations of land among crops by hectarage and

minor crops.

activities shows activity over a

304 days were used because:

are often undertaken.

To summarize, a number of reasons exist which support

major crops and two

major crop enterprises

The hectarage in the villages were divided among six

the use of 304 days of labor availability and 95% of this

2. Holidays, sick days, rest days and other social

in the villages is

at the time
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Table 12. Capital equipment owned per FH by location.

Dumila Mkund i Magole a

No . No . No . No . n

3 4 463 30 28 30 3 26Hoe

10 4513 1 10 1 9 12Panga

181 1 361 18 1 17 20Axe

181 46201 20 21 21

$0,125 at the= Tanzanian Shillings; 1 T.Sh. = U.S.

1980 B/CSSource:

It is obvious from the results that the agri­percentage.
culture is highly diversified.

fruits and grain cropsvariety of different vegetables,a
which are produced but on such a small scale that survey r e-

The villagesthem.did not differentiate amongsuits were
great deal of vegetables,located innot

livestock production occurs (Due and Anandajayase-
combination of the six major1982). Thekeram,

for approximately 77% of all the land allocated to crop pro­

Bush 
Knife

Type of
Tool

T.Sh./ 
Unit

T.Sh ./ 
Unit

T.Sh./
Unit

All 
Villages

All 
Villages

bT.Sh.
t ime .

T.Sh./ Unitb

aDifferences between individual villages and the village 
category results from the use of the median.

an area where a

The "other" category contains

crops account
fruit or
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Table 13. Median allocation of

27>

Crop :
Major;

0.44 15.5 0.51 18 .3Maize 0.44 0.51 21.515.9
0.48 17 .1 0.49 17 .60.44 18.20.44 15.9Sorghum

0.38 13.50.36Rice 0.20 8.5 12.90.41 14.5
0.26 9.410.59.40 . 23 0.300.44 15.7Beans
0.26 9.110.87 .3 0.300.170.24 8.6Sunflower
0.27 9 .616 . 10 .450.28 11 .68.80.25Cotton

Minor;
8.90.250.09 3.20.17 7 . 10.24 8.6Cassava

4.65.8 0.130.164.20.106.10.17
0.26 9.10.23 8.212.30.290.16 5.9Others

100.1 2.81 100.12.812.39 100.12 .79 100.0

produced by all FHs .crops are

1980 B/CSSource:

Pigeon
Peas

Mkund i 
(Ha.)

Magole 
(Ha.)

Dumila 
(Ha.)

aAssumes all

All Villages
(Ha.) 7,

land by crop and percent.8
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duct ion. Not all farms produced the
FHs produce each major crop. six major crops,Of the

Two of the major crops, are
produced for their income generating power in Dumila.

in Table 8, part of the sunflowers producedseen

The FHs in Magole consumed almost 25% of the sunflower pro-

This is quite a deviation from what was reported ind u c e d .

A few other noticeable differencesboth Dumila and Mkundi.
Mkundi's FHs allocated 22% and 12% ofin Table 13.appear

their land to production of maize and respectively.cotton

12.3% of the land was allocated to crops falling in the

in either of the other two villages.t han
phasized the importance

This may be due to the smaller size of plots in theg hum.
Mkundi village.
half hectare.

in both Dumila (14.5%) and

Magole (13.5%). The FHs in Mkundi allocate 8.5% of their
This has interesting nutritional implications

to be discussed later in the text.

2.16 Soil Requirements and Resources
Information of

which looked for special soils for their crops. Indirectly

"other" category.

a limited nature was available on FHs

are not sold.

five are

The difference is approximately 15% or one

As was

minor crops nor did all

sunflower and cotton,S-C crops .

There also exists sizable differences in the

These activities are higher percentages

on the production of maize and sor-

this may shed light on land allocations for different agri­

land to rice.

Mkundi FHs em-

quantity of land allocated to rice
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2.16 Soil Requirements and Resources
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are higher percentages
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As was

on the production of maize and

crops nor did all

S-C crops .
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land for rice while in Mkundi 57% tried to identify special

soils for rice production. This is contrasted in Mkundi

where only 20% looked for special soils. Mkundi FHs felt

that special soils should be used for bean and sorghum pro-

These results must be viewed with care due to thed u c t i o n .

The results of this questionsmall number of respondents.

can be inspected in Table 14. If the results are representa-

the communities there may be striking differencestive of
among villages in the types of land available for cultivation

soils for paddy in both Dumi-

la and Magole is much stronger than in Mkundi. Over 25% of

inclined to search forgreat demand.
What is suggested by these findingssorghum and bean land.

production to meet the expectations of the FHs.
It may be inferred from Table 15 that the most desired

This is interesting due totype of
the low water holding capacity and nutrient leaching of sandy

soils
While

is useful to have informationit

It is particularly important to be aware of the im-FHs .

Those in Mkundi were

cu1tura1 uses.

those responding in Magole suggested that maize land

or other uses.

this soil classification leaves something to be desired

The emphasis on

on the preferences of the

as well as scarce water at certain times of the year.

land is sandy lowland.

is that four of the major crops require "special" land for

was in

In Dumila 50% of the FHs looked for special
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Table 14. FHs searching for special soils.

Crop :

Maize 2 2

1 3S org hum 2

31 2Beans
11Cotton

4 813Paddy
11Cassava

1980 B/CSSource:

Soil and land type preferred by FHs responding.Table 15.

Type of Soil:
1 522Sandy

1 21Black
11Deep Soil

1 1Black-Sandy

Type o f Land:
1 13Lowland 5

1980 B/CSSource:

Mkund i 
No .

Magole 
No .

Dumila
No .

Dumila 
No .

Mkund i
No .

All Vi 1lag es 
No .

All Villages 
' No,

M a g o 1 e 
No .
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tentials for the types of soils described.

Another method of gaining insight about soils is to view
it from the ecological perspective. the variousFor example,
species of Acacia, a genus is

closely associated to habitat cond it ions. One species , A.

1974). Lind and

Morrison (1974) suggest the black soils are

been transported downslope by creep and erosion to build up

The vegetation isthe black clays of the valley floors.

characterized by grasslands interspersed with

Termite moundsshrubs.

also. The types of

montmorillonite or illite which exaggerate the effects of

drought due to their swelling and subsequent imperviousness

Perhaps the water holding capacity for the sandy­emerges .

clay soils is greater than that for the clays mentioned

above . When dry,

the black clay soilsOvera11,

suitable for production of maize and sorghum. Further-are

the structure may improvemor e,

clays in these soils are predominantly

portance placed upon lowland holdings

are normally found in these areas

a reason for preferring sandy soils

the third or fourth year.

a few trees and

and the different po-

as cultivation continues into

clavigera, forms woodlands characteristic of Tanzania

the black soils are exceedingly hard.

are difficult to cultivate but

as far

of trees common to grasslands,

inland as Kilosa town (Lind and Morrison,

to rain water, thus

clays which have
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suggest functional relationships which impede or promote crop
production. Collinson (1983) does this by identifying gross

characteristics of soils and relating them to topography.
Collinson states that in the Sukumuland area of Tanzania, lo­
cated Southwest of the Morogoro Region, black to dark gray
clays are found which have impeded drainage.

and probably in the Kilosa district range from

lateritic horizon.

characteristic of the Oxisols, which
in the former classification system, approximately La-wer e

day, 1982). This type of cover offers adequate protection for

the Tsetse fly which precludes intensive livestock production

in the district.
of draft animal is developed the hand labor prevalent in the

practice .

district will continue to be the predominant form of tillage

a resistant breed

These types of soils are

in this area

The soils characteristic of the Kilosa district support

The sandy soils

vegetation such that open woodland (Miombo) cover it (Man-

A more pragmatic approach in dealing with soils is to

sandy clay loams to loamy sands with a

teritic and Latasolic soils.

It is clear that unless
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CHAPTER 3

ponent s.

consisting of the mathematical linear programming (LP) model

aspects incorporated within the model. A literature review
each of these components

ground necessary for the further development of

The general model format will be presented followed by a
discussion of the uses of LP models in the African agricul-

tura 1 sector.
nent s
study

3.1 Mathematical Formulat ion o f the Linear Program

The one period LP model used in this study is repre­
sented in its general format. The maximand, or objective

linear equation containing six crop
Maximize:enterprises.

(j = 1,2,...,n)S = (3.1)
where:

= the grams per kilogram of utilizable protein (UP)
from the jth major crop.

THEORETICAL ASPECTS AND REVIEW 
OF LITERATURE

will provide the back-

n
S N-X; 

j=l J ’

Ni

a modelling componentThese may be described as

focusing on

A discussion of nutritional and risk compo-

and their usefulness in meeting the objectives of this

and two additional components which are the nutrition and risk

The research undertaken is comprised of three major com-

will follow in chapters four and five.

J J

function, consists of a

the study.
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produced.

set of
land

five

five amino acid constraints
is

written:

(3.2)< M

where:
the j th crop= the quantity of land planted t o ne ces -

unit of output of the jth cropsary to produce one

in hectares per kilogram.
land available for crop pro-= the total hectarage ofM

duct ion .

represented by:The labor constraints are

J (3.3)

where:
La re­

quired by the ith crop enterprise in the jth

o
S 

i = l
(i=l,2,...,o) 
( j = l,2,...,n)

n 
S 
j=l

mineral and vitamin constraints,

Xj

Lj

LjXj

LaijXj < 0;

constraint, a

These consist of a

The objective function is maximized subject to a

labor constraint for each of the twelve months,

the number of adult equivalent days (MED)

and seven focus loss constraints.

thirty-eight linear constraints.

seven protein constraints, one calorie constraint,

The land constraint

= the quantity, in kilograms, of the jth major crop



55

in MED per kilogram.

- the total MEDs available in the jth month.

The protein constraints allow the inclusion in the model

The protein constraints
manner which allows both protein quantity

and quality considerations to enter the modelling effort.

major difference between this model and many others
which have been developed. It allows protein quality to be

determined within the model rather than fixing the quality

priori". protein constraints and the calorie con-
discussed in chapter five.

straints dealing with minerals and vitamins and those dealing

The final set of constraints deal with risk aspects of
loss constraints and their derivationthe model. The focus

discussed at length in chapter four. These constraintsare
insure adequate nutrition and reasonableincorporated toare

diversification of cropping enterprises. Further specifica­

tion of the model will be taken up in subsequent chapters and

the discussion here will now be directed toward application of

°j

with amino acid composition are discussed in chapter five.

"a

are developed in a

This is a

s traint are Likewise the con-

of an important nutrient component.

LP and some theoretical underpinnings.

The seven

month, in order to produce one kilogram of UP,
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3.2 Basic As sumpt ions o f Linear Programming

of LP specify proportionality,
additivity, divisibility and certainty (Hillier and Lieber-

Proportionality implies that
is associated with the start up of the operation and that

proportionality holds over the entire range of levels of the
activity.

of activities which might affect the total measure of effec-

Divisibility implies that the

into fractional levels.

Certainty assumes that all parameters of the model are known
cons t an t s.

Linear programming models have been used widely in agri­

Applications to agriculture haveculture since. World War II.

been made by agricultural economists

to a problem
dealing with African agriculture (Clayton, 1961).

The basic assumptions

3.3 Applicat ion of Linear Programming to Small Scale 
African Agriculture

to specify the optimum organization of resources 
and enterprises on farms, to suggest desirable farm 
adjustments, to specify profit maximizing mixes of 
commodities produced by marketing firms, to specify 
cost minimizing methods of processing products such 
as fertilizer or mixed feeds, to specify spatial 
equilibrium patterns in the flow of agricultural 
products, to indicate optimum interregional pat­
terns of resource use and products specialization 
in agriculture, and to solve related types of prob­
lems. (Heady and Chandler, 1973)

no additional cost

units of an activity can be divided

tiveness or resource usage.

Clayton (1961) was the first to apply LP

Additivity assumes that there are no interactions

man, 1980).

His study
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province of Kenya. Eicher andC.K.
D.C.

and Baker, 1982):er

(1) identification of constraint

and inherent in the FSs.

(2) the development of functions for normative supply

and input demand.
(3) estimation of frontier production functions

(4) evaluation of the profitability of new technologies.

(5) development of management strategies and the evalua­

tion of those strategies.
any dealing withNoticeably lacking from these works are

was

binding constraint that without smoothing of the peaks

little incentive for the on-farm production ofthere was
cattle enterprises (Delgado, 1979). This finding, that labor

first suggested by Heyer in herwaswas
She perhaps thewas

first to quantify the absorption of labor by noncrop activi-

number of goalsties. were
perceived by the FHs, one of which was the provision of food

such a

of the typical farms in a

nutrition except in a

a serious constraint,

based on cross sectional data.

Baker have classified the major uses of LP in African

small farming as to the type of application as follows (Eich-

looks at the effect of limited resources on the profitability

s facing the small FH

cursory fashion.

Delgado, in work on Upper Volta, found that labor

Heyer further observed that a

analysis of FHs in Kenya (Heyer, 1966).
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for subsistence. Manday used data collected in the Kilosa
district to compare traditional agricultural practices with

practices under improved technology (Manday, 1982).

during peak labor peri­
ods.

for both indigenous technology and improved practices.

The prominence of the labor shortage during peak labor

demand periods associated with the goal of providing minimum

subsistence requirements may provide

incentive which exists for FHs where marketing and commerci-

Furthermore,alization of their products

support the general hypothesis set forth by T.W.toseems

Schultz that this type of FH is
(Schultz,efficient in its allocation of FH resourcesless

1964).
o f»■ Metson applied a LP to

Kenya (Metson, 1978).
normative supply analysis best focused on

She identified problems perceived by the FHs including

capital and labor shortages.transportation,market ing,
Metson worked with representative farms in her research

Studies other than Metson*s have been underta-t ion bias.

a FS in the Nandi District

the basis that a

more efficient rather than

The author justified her use of LP on

which caused concern over problems associated with aggrega—

an insight into the dis-

as had others, that labor was scarce

are limited.

technical production possibilities and resources available.

improve the farm income situation, appear to be substantiated

A major hypothesis of the study, that farm plans could

He found,
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ken to derive normative supply and input demand functions

but these have,

Mwang i , 197 8). Metson discusses at length the problem of

aggregation bias (Metson, 1978). She defines

as

The absence of aggregation bias suggests that the optimal LP

results will be proportional for the representative farm of a

region and for a regional LP when all resources have been

This goal is very dif­all FHs in the region.
One way of minimizing the aggregation biasficult to attain.

Thisis to choose study

possible since the data had been collected previous-

This research addresses the problem of aggregation biasiy.
through use of nonmechanized FHs thus increasing homogeneity

between villages and among households. Furthermore,
imization of nutrient production based upon minimum nutri-

basis for homogeniety superior

typical objec- (
The requirements for nutrients are basedt ive f unc t ion.

index which is introduced in chapter five andcommon pre­

fer one FH
that for another except that the number, age

The nutrient requirementssented in Appendix C.

areas which are more homogeneous.

tional requirements provides a

the difference between the area supply function 
developed from the summation of the linear pro­
gramming solutions for each individual farm in the 
area, and the summation of the weighted results 
obtained from a small number of representative or 
benchmark farms.

on a

summed across

was not

the max-

are the same as

to revenue or cost concepts incorporated in a

in general, not addressed adequately the

problems of aggregation bias (Ogunfowora and Norman, 1973;

the bias as
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and sex of individuals will vary from

The demand for nutrients would

subsistence-cash FHs in the villages than is the demandamong

for income. This is meant to suggest only that aggregation

bias may be minimized relative to LP models maximizing

1) the quantity ofCollinson suggests that:etary goal.

2) nutritional quality, 3) reliability of supply and 4)food,

motivational factors dominating the decision makingtaste are

in traditional African FHs (Collinson, 1983). Ifprocess

the previous consideration contains enough

plausibility to justify further investigation.

Smith's mathematical

programming model is the only programming model that the

in Africa (Smith, 1975). Smith undertook a comprehensive

The research

macro-economic approach which has been adopted in this

microeconomic analysis of the FSs

Magole villages and the northern area of

an entity.the Kilosa district as

One other piece of research focusing on nutrition and

with Nepalese farmers (Calkins, 1981).

number of different production scenarios. He concluded that

study of the economics of nutrition in Nigeria.

a mon­

work for application to a

using linear programming was carried out by Calkins working

was a

The nutritional basis of this work relies heavily on

appear to be more homogeneous

author can locate which focuses on the economics of nutrition

one FH to the next.

Calkins modelled a

this is true,

in Dumila, Mkundi,

previous work undertaken by V.E. Smith.
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profitable production patterns using linear programming. His

of Smith except that protein is not dealt with extensively.

mation in a micro-economic analysis

writ ing .

incorporated in this

study to allow risk to enter the model via crop production

activities while meeting minimum nutritional requirements.
constraints have not been applied to African sub­

sistence-cash cropping agriculture to the knowledge

author .
loss was proposed by Schackle inThe concept of focus

1955 (Schackle, 1955). In 1961 he furthered his hypothesis

model incorporating his previouswith the development of a

hypothesis of Schackle'swork (Schackle, 1961). isA major

paraphrased in his own words:

it is the brilliantall equally and perfectly possible,are

(Schackle,the black extremes which holdand

1961) . Schackle's conceptual efforts

the problem of maximization of expected gain while insuring

against disastrous loss.

they applied the focus concept to the problem of uncertainty

"When many different things

incorporation of nutritional requirements

use of nutritional infor-

The focus loss constraints are

our thoughts"

were directed toward

is similar to that

Calkins' work is the most intensive

of the

Focus loss

found at the time of this

it was possible to clearly identify the most nutritious and

Boussard and Petit operationalized Schackle's work when
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group of French farmers' production decisions (Boussard
and Petit, 1967 ). set of

while constraining the contribution
activity. The model focused

on expected gain.

in the

t ion of

method for obtaining

indifference schedules for expected income and focus loss in-
One of the objectives of

the work pertained to practical and theoretical difficulties

in specifying F (minimum level of income) at

trade-off

information for determining this level F.

problem when identifying

S.H.
of San Luis Valley farmers faced by waterlogging and salt

The focus

loss
lost through cropping

study improved the prediction of the farmers' be-

activities and affected the choice

minimum nutritional requirements.

linear constraints

elements constrained the amount of income which could be

a result of the addi-

some const ant.

Kennedy and Francisco described a

a credit constraint.

The authors felt it was more practical and theoretically

They attempted to incorporate a

among water supply activities.

to total loss by each

plausible that their indifference curves provide

havior, but the major improvement was

in a

come (Kennedy and Francisco, 1974).

designed to limit the possibility of ruin

accumulation on their properties (Johnson, 1981).

This is less of a

The addition of the focus loss constraints

Johnson incorporated focus loss constraints in his study

on the risk taken, rather than
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The application of nutritional and focus
straints to a micro-economic analysis of subsistence-cash FHs

intriguing possibilities. Furthermore, the de­presents some

fining of the objective function in terms of nutrient produc-
llows the goal of nutritional sufficiency to be o f

paramount importance in the research. Further specification
constraints and the nutritional constraintslossof the focus

t ion a

are undertaken in chapters four and five.

loss con-
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CHAPTER 4
DESCRIPTION OF RISK CONSTRAINTS

The LP model is unconventional in that the FH is assumed

choose crop combinations which yield the largestt o gross
margin of utilizable protein (UP) subject to land and labor
constraints. UP is that amount of protein which is complete­
ly used by the body in the formation of tissue. This concept

in chapter f ive.

constraint due to the small amount available

mented in Table 12.

4.1 Background

Boussard and Petit (1967) have been adopted.
which Boussard and Petit operationalized fromformulation,

the authors method

which considers uncertainty in the farmer's production deci­

suggested that farmers maximizesion process. The authors

profit, equated in the
Ruin is defined in terms ofnegligible possibility of ruin.

a point belowincome. at

some
associated with the farming operation.fixed charges This

point below which a
nutrient required by the FH is supplied in inadequate

minimum level of income necessary for consumption and

study treats the concept of ruin as a

study with gross margin, given a

The focus loss-focus gain constraints as described by

introduce a

as was docu-

In the original

It is suggested that ruin occurs

Capital is not included as ais taken up

the work of G.L.S. Schackle,
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This impliesamount s.

ated with both inadequate income and inadequate production or

though adequate incomeeven
may be available. will not often exist. The
former case is more plausible for the area of the Kilosa dis­

trict including the FHs responding in the survey.

4.2 Modelling the Focus Loss Constraints

The incorporation of a focus loss-focus gain risk aspect

tional LP. The model is

LP formulation in equation 4.1.

( j = 1,2,...,n ) (4.1)Maximize Z =

Focus gain is simply the return in UP from the normal produc­
tion practices in the villages and is represented by equation

The focus of gain iswith focus constraints included.4.1
is the focus of loss (FL).

derived from data on the normalThe FL constraints are

level of consumption of major crops and imputed values for

cash crops. or
other goods and services.

the difference between normal consumption of UP and the
yearly basis to meet the nutritional

n
S 

j = l
NjXj

amount required on a

into the LP model maximizing UP is much the same as

an expanded version of the general
a conven-

a debilitating state of health associ-

The latter case

The cash crops may be sold for purchase of UP

an inadequate supply of nutrients

not as critical to this ana lysis as

Loss is defined in the study as

s.t. a series of production, nutritional 
and risk constraints
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equat ion 4.2.

Loss MINI (4.2)

k ilogram

grams

= the minimum nutritional requirementsMINI

in grams of UPfor the F.H .

for Loss is introduced toA vector

s t ra int in equation 4.2. This crop by crop basis.

The inclusion of this vector allows restrictions associated

with individual crops to be expressed.

cropping proportions and proportions associated with the

This is introduced throughmodify produced are considered.

any crop on a kilogram basis.

loss greater than 1/K of the total loss where K

This insures the diversifi—equals the number of activities.

cation of the cropping activities which

Given this description the restraint may beall three FSs.

Xi

6
= S
j-1

where Nj

NjXj

may incur a

are representative of

requirements of the FHs.

may accrue to

= UP from the jth crop in grams per

Loss is estimated on the basis of

is done on a

written such that for each major crop:

In this analysis both

However, no crop

median yield of utilizable protein (UP) per kilogram of com-

express the con­

focal loss coefficients (FCL) which represent the FL which

= quantity of the jth crop in kilo-
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(4.3)

whe r e

of UP per kilogram.

= the quantity of the jth crop, in
kilograms.

K = 6

six constraints which

These protect againstsecurity constraints.

Id endanger food security,
K has beenincorporating thet ime

value in a
loss activities.ating focus

fromPi's. Thus there is
(Boussard and Petit, 1967). Johnson hasIIto another

considered indefined K=n where n equals the number of crops

the
wherevalue of K greater than n

in the solution (Kennedy

and Francisco, 1974).

4.3 Ass ignment of Coeff icients
to be used in the modelAssignment of coefficients was

1) the type of crop being considered,dependent upon: cash
2) the cropping proportions

similar way to previous works incorpor-

Kennedy and Francisco propose 
(u)1/2

equals the number of the activities

Xj

FCL j

model (Johnson, 1981).

(FCLj)(Xj) - 1/K Loss < 0

assigned a

in grams

no reason

using a

Equation 4.3 represents a

one crop

can be considered

or equal to

group of

are expresssed in the"variations of riskiness among crops

a loss which wou

to assume that K varies

riskiness of the activity.

= the focal loss of the jth crop,

while at the same

or subsistence-cash (S-C) crop,

Boussard and Petit suggest that
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The type
of crop produced determined whether im-

tion was used as a basis for expected production of UP with
respect to S-C crops. In the case of the cash quan-crops,

the basis for imputed consumption

values .

4.4 Cash Crops

cotton and sunflower were produced only forIn Dumila,

This meanssale by the respondents.
the S-C However,crops.

the sale of cotton and sunflower produced income which was

in UP ofThe imputed valuethen spent,
cotton and sunflower production and sales is that value as so —

ciated with the income generating potential of a basket of

major food crop commodities most often purchased in the mar­

ket place.
1) As food supplies de­Assumptions maintained are:

money spent on other consumer goods is diverted tocrease
the marginal rate of decrease in thefood purchases at con-

and sunflower when both are cash crops). In other words,

the marginal value associated with cotton or sunflower

sumption of cotton and sunflower (shadow values for cotton

sumption of the crop, if consumed, was assumed to be the nor-

tity of sales acted as

that they were

puted on the basis of sales or consumption.
a value for UP was

sumed directly by the FHs as were

Therefore, consump-

and 3) the yield of UP per kilogram of major crop.

mal level of consumption of that crop.

The level of con-

not con-

in part, on food.
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sales

the allocation of inresources r e-

2) Supplies of additional nutri-food shortage;tos p on s e a

and 3) Theavailable in the timeshortents run,
period under consideration is

environment, production and political activities. Therefore,
the quantity of UP consumed during the period under question

is assumed to be the normal quantity consumed by the FHs.
in both Mkundi and Magole reported consump-Respondent s

tion of sunflower. For this only cotton is cons ideredreason
Both Mkundi and Magolecash crop in these two villages.a

and five S-C all of whichproduce one cash crop crops , are
considered to be major crops.

4.5 Subsistence-Cash Crops (S-C)

S-C are

in developing the focus loss coeff ic i-

is that no valuesAn obvious difference which existsents.
imputed to S-C crops Rather the UP values forfor UP.are

each

farm basis and yield in UP on
each crop.

The resulting coefficients

a kilogram basis from a unit of

are adjusted on the basis of yield proportions on a whole

a normal period relative to

are not

treated in a

a basis.

a more

crop are used as

should decrease as demand for nutrition becomes

crop coefficients

pervasive influence on

those of cash crops

similar manner to
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4.6 Development of the Coeff icients

Once the conceptual framework was developed the focus

were derived. A
basket of commodities consisting of maize, rice and beans

acted as

imputed.

marketplace was partially derived from income accruing to

the FH from the sale of cash crops.

sisted of estimating the number of kilograms of each food

source that was apt to be purchased in the market given the

This infor-amount of income spent food during the year.on
mation was drawn from the 1969 Household Budget Survey

(Bureau of Statistics, 1972). The household the

not standardized with respect
information from the Household Budget Survey forTherefore,

1,000the 1,999 T.Sh.
The information from the Budgetthe FHs in the villages.of

Survey was adjusted for the amount of income spent for food

The total amount of thesein the respective villages. sources
the basis ofof food purchased in the market

UP per kilogram of food.
vided by the purchases of the food to be made. 'Thissources

divided by the total kilogram amount of all foods

weighted average of UP/kilogram for

price for a weighted basket of

loss coefficients in the FL restraints

This allowed an estimate of UP pro-

a foundation from which UP for the cash crops was

purchased resulting in a

the basket of foods. Next, a

B/CS were

were converted on

This assumes that income spent on food in the

The derivation con­

figure was

survey and

range is assumed to be representative

to income ranges.



72

Dumi 1a 49 15 5 69
Mkund i 15 5 7353

85523M a g o 1 e 57

15 227157 53TOTAL
7618 553x

of utilizable protein per kilogram of commo­
dity

(49x45.6)+(15x45.5) + (5x162.7 ) = (373 1 4 69)=54.1Dumila
(53x45.6)+(15x45.5)+(5x162.7)=(3914 t 73)=53.6Mkund i
(57x45.6)+(15x45.5)+(5x162.7)=(4460 4 85)=52.5Magole

Total kg 
Purchased

Table 16. Grams of utilizable protein imputed 
sunflower.

Rice 
(kg )

3
S 

j = l

Weight ed 
Average 
GUP/kg

Maize 
(kg)

Beans 
(kg )

Step II.Grams 
basket.

2) Rice 
kg pur­
chased 
x GUP/kg

3) Beans 
kg pur­
chased
x GUP/kg

1 ) Maize 
kg pur­
chased 
x GUP/kg

Step I. Quantities of foods purchased in the villages per 
annum.

to cot ton and
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Table 16. (continued)

Step III. Weighted price of commodity basket.

TotalBeans

68.8

151.4
( 15 1.4 T.Sh.)/ (6 8.8 kg) = 2.20 T.Sh./kg

74.0

169.5
= 2.29 T.Sh./kg(169.5 T.Sh.)/(74.0 kg)

84.4

193.2

(193.2 T.Sh.)/(84.4 kg) = 2.29 T.Sh./kg

a

43 .03Dumila: 79.92
Mkund i: 74.90

Magole: 74.51

Step IV. Grams of utilizable protein imputed to production of 
cotton and sunflower.3

Maize 
(Flour)

Maize 
(Grain)

24.4
1.98

48.3

20.51
1.81

37.1

22.78
1.86

42.4

30.48
2.23

67 .8

32.47
2.38

77 .3

28.12
2.17

61.0

22.68
2.13

48.3

15.93
2.66

42.4

15.13
2.52

38.1

4.84
4.00

19 .3

4.84
3.50

16 .9

5.08
3.00

15 .2

Cotton
GUP/kg

Sunflower 
GUP/kg

Rice 
(Husked)

Mkund i:
1) kg purchased
2) T.Sh./kg
3) Total T.Sh.
4) T.Sh./kg 

of basket

M a g o 1 e :
1) kg purchased
2) T.Sh./kg
3) Total T.Sh.
4) T.Sh./kg 

of basket

Dumila:
1) kg purchased
2) T.Sh./kg
3) Total T.Sh.
4) T.Sh./kg

of basket



7 4

Table 16. (continued)

K ilo sa 1 76.30
Kilosa 2 76.88

Government price/kg

GUP/kg of commodity basket

1980 BC/SSource :

Sunflower 
GUP/kg

Cotton
GUP/kg

x GUP/kg crop

aEquation used to derive the relationship:

Free market price/kg of com­
modity basket
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Following the derivation of values in UP for the cash

An important
the exclusion of

The demand for
through pur­

chases in the market, only indirectly through production.
The amount of UP purchased in the market is included in the
total quantity of all commodities consumed. By deleting the

value in UP for cash crops from the calculation of Loss

double counting of the product is avoided. On this basis a

considerable reduction in the difference between UP supplies

and requirements (MINI) is effected. For instance, when sum­
including that associated with cash

available for consumption.crops,

However,
of approximately 73,000 GUP/FH/Year was

in Dumila from production of S-C crops. The amountconsumed
which was actually produced and consumed on the farm plus the
normally purchased amount of UP were used as a basis in the

estimation of Loss.

(4.4)
6 
S 

j = l
NjXj

point in the development of this factor was

96,302 GUP/FH/Year were

consumed as seen from Table 17.

Loss = MINI

where all variables are previously defined.

ming all sources of UP,

not all this was

Rather, an amount

UP from income derived from cash crops is met
the cash crops from the calculation for Loss.

This was done according to the equation:

crops the FCL coefficients were developed.
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61,75811,039Dumila 72,797
51,02733,975M k u n d i 85,002
54,31229,49583,807M a g o 1 e
56,06428,59284,656Kilosa 1
55,29732,41887 ,7 15Kilosa 2

a Total GUP =

J

1980 BC/SSource:

4
X 

j = l

(2) 
Loss 
(GUP)

(3) 
MINI 
(GUP)

Ni Xj

= quantity of cropj normally produced in kilo­
grams.

Xj

where N- = utilizable protein in grams/ki1ograms from cropj.

Table 17. Focus loss equation constraint coefficients.

(1) 
Total GUPa 

(GUP)
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MINI is known from estimations of the

nutrients. These are discussed at length in chapter five

which deals specifically with nutrients.

Table 18 displays the process through which the FLCs

The UP/kilogram by major crop is multiplied byderived.were

whole farm basis.
This ratio is

by any crop or combination of crops without falling below
in this work protein. When

this is applied to the UP figure the FCL coefficient is c o m -

index of risk may be applied directly to these coeffici-any
The additional or reduced risk will be reflected inents .

the amount of UP which is necessary to meet the requirements
The resultant product of UP and

Ratio represents the UP which may be lost through falling
consumption of any specific crop before reaching

all crops.permissible loss for each or
matter what factor is affecting the FH resulting

The product of UP/kilogram andin decreased consumption.

4.7 Summary

duction of UP by the representative FH.

minimum requirements of

minimum nutritional requirements,

also adaptable to other risk factors.

a measurement of the loss which may be incurred

a maximum

the ratio of both output and UP yield on a

amount of UP which may be foregone without falling below a

the case no

plete but

This appears to be

For instance

of the FL constraints.

The focus loss is the

Ratio in Table 18 are then employed in the LPs.

To summarize, the focus gain is simply the normal pro-
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Ma ize Sorghum Rice SunflowerBeans Cotton

a

Step 3 .

Step 4 . J
J

consumed, 
Let ;

Mkund i:
1) GUP/kg
2) Ratio
3) FCL

K ilo s a 1:
1) GUP/kg
2) Rat io
3 ) FCL

M a g o 1 e : 
1) GUP/kg 
2 ) Ratio 
3) FCL

45.6
.29

13.22

45.5
.40

18.20

74.5
. 27

20.12

45.5
.43

19.76

45.6
.25

11.40

54.1
.37

20.26

54.1
.42

22.72

54.1
.43

23.26

54.1
.24

12.98

45.5
.23

10 .68

45.5
.47

21 .39

45.5
. 13

5.92

162.7
.10

15.52

162.7
.20

32.45

162.7
.10

16 .27

76.9
.17

13.06

79.9
.04

3.20

40.0
.32

12.80

54.1
.34

18.29

162.7
.09

14.64

74.9
. 26

19.47

57 .7
.61

34.95

57 .7
.41

23.78

57 .7
.68

39.24

57 .7
.19

10.96

45.6
.22

10.32

45 .6
.29

13.22

45.6
.12

5.47

162.7
.17

87 .66

76 .3
. 13

9.79

Kilosa 2;b
1) GUP/kg
2) Ratio
3 ) FCL

f r^m 
LP 2

Dumila:
1) GUP/kg
2 ) Ratio
3) FCLa

Derivation of Focus Loss Elements (FCL) 
Step 1 .

Table 18. Derivation of focus loss coefficients of major 
crops .

Estimate the quantity, in kilograms, of food 
consumed from both production and purchases.

Step 2. Determine from Step 1 the quantity of UP 
in kilograms.

CD- equal the percent of total production 
crop . .

nr • equalJthe percent of UP from crop-. 
Let; PUP ■ = ( CD j ) (g N jX - ) ; equal to the UP yield 

on the basis of production.
Lossj = (LPj)(Loss); equal to the proportional 

loss of UP associated with cropj.
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Table 18. (continued)

where:

Loss

Step 6. Let;

Step 7 . Let;

b Weighted average of Dumila and Mkundi.

1980 B/CSSource :

to be met , 
consumption levels.

unitless ratio
, divided

4
E

i = l
equals the permissible loss of UP 

which will allow minimum nutri­
tion requirements 
using normal

Rat ioj=Loss•/PUPj; equal to a unit 
of the loss assigned to each crop, 
by the proportion of UP from a kilogram of 
that crop.
FCL • = (GUP/kg)(Ratio) ; equal to the UP which 
mayJbe lost through decreasing consumption 
of any major crop, on a kilogram basis.

NjXj equals the UP from major S-C crops.
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minimum nutritional requirement for the entire FH. Coeff i-

their impor-
in the provision of UP to the FHs.t anc e and

which defined the focal loss assigned to each crop.

MINI rep­

in UP,the minimum level of nutrition, that meetsresents re-

yearly basis. The Loss vector was

weighting factor of one-sixth for each crop in ac­

cordance with the number of consumption activities. This in-

the condition that the inloss,

total loss permitted.
The FL aspects of the model lay a groundwork for the de­

velopment of the nutritional aspects of the model and vice

The two aspects of the model act asversa.
tween the FS and the FH and as such cannot be dealt with a s

The nutritional aspects which have been

defined briefly in this chapter will be dealt with more

separate entities.

with any one crop may not exceed 1/K of the

quirements for the FH on a

UP, associated

assigned a

UP produced from each source had been estimated.

cash crops, together, were used to estimate coefficients

elusion allows one to express

cients were derived for cash crops to measure

a direct link be-

The S-C crops

The restraint called MINI was conveniently derived after

directly and succinctly in the following chapter.
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CHAPTER 5

One of the most important factors affecting the FH is
Much work has

been done in determining nutrient levels which are adequate
in meeting nutritional requirements. Nutrition is
nent topic in most parts of Africa. In many Tanzania vil­
lages the ability to produce enough food is

This research incorporates nutritional in-each year.anew
format ion in LP format compatible with LP similar to thea

Smith of Michigan State University has done pre­way Dr. E.V.
viously (Smith, 1 975). model for

this model is microeconomic analysis in Nigeria,macro

oriented and deals with the nutritional requirement of the
The representative FH is definedrepresentative FH.

units (CU) ag-FH maintaining the average number of consumer
within each village. The

is developed from the nutrient requirementsvalue for
found in Appendix B.

t e in,

insure that adequate nutrition for the representative FHs is
met within the results of the modelling effort.

CHARACTERISTICS OF NUTRITIONAL REQUIREMENTS 
OF THE FARM HOUSEHOLD

a CU
Important relationships between pro-

Whereas Smith developed a

gregated across all respondents

a question faced

calories, vitamins and minerals are incorporated to

the quantity and quality of the food supply.

as the
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5.1 Protein-Caloric Interrelationships
The protein-calorie (PC) interrelationships are

portant aspect of nutrition in the representative FH. In

determining the quantity of protein actually used for build­

minimum level of caloric intake is

The amount of utilizable protein

foods consumed) must

be determined.

procedure for the incorporation of other factors must be

1) Essential Amino Acids (EAA) present in eachfollowed:

This is done on the basisfood consumed must be estimated.

of nitrogen per 100 grams of food protein; 2) Theof grams
interaction among EAA and their ability to increase utiliza­
tion of other AA consumed in combinations with one another

3) Estimation of the calories whichmust be investigated;
kilogram of food

consumed basis and with normal consumption patterns intro­

duced must be accomplished; 4) Subsequently, total UP re-

yearly basis for the representative FH must be

e s t ima ted.

5.2 Essential Amino Acid Content (EAA)
subgroup of a group of related sub­

consisting of different combinations of organic acidss anc es

body from different food sources.

called amino acids (AA).

ing tissue in the body a

are present in each protein source on a

With minimum levels of calories available a

quired on a

Proteins are a

Within the food sources,

(UP) from each source of protein (ie.,
assumed to be present.

an im-

Protein is derived for use in the
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different AA are present. Particular AA cannot be synthe­
sized in the body and essential
amino acids (EAA). The AA considered EAA for this research

1) lysine, 2) methionine, 3) threonine, and 4)ar e: trypto­

phan. considered EAA. However, only

likely to be limiting (Smith,four,

1975). sulfur containing AA because

it has Methionine may be used

by the body to synthesize cystine when there may b

With cystine supplied by the foods consumed theshortage.
methionine necessary for

other purposes.

The relationship of the EAA with one another are de-

(CS).fined by nutritionists through

The CS is a measure of the quality of the protein based on

reference proteinits EAA composition with respect

The RP is(RP).
practically 100% of the protein is used for anabolicthat

(ie., production of body tissue).purposes

this
nutrition (FAO and WHO, 1965). The CSon

of the EAA for the main commodities consumed in the village s
is presented, along with information pertinent to the es­
timation of UP contents of food later in the chapter.

quantity of EAA

synthesis of cystine may be used for

e a cystine

research is that adopted by the 1965 FAO expert group

a methionine sparing effect.

When a unit of food is consumed with a

Normally eight AA are

a protein which has an EAA composition such
to a

Cystine is included as a

are therefore referred to as

use of

That RP

those listed above, are

a chemical score

was egg.

The RP used in
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present in particular proportions, the maximum amount of

be utilized is deter-
ined by the EAA with the lowest AA score relative to them

quantity of the corresponding EAA in the RP. Schmitt sug-
mixture ofgest s

proteins be calculated by the formula (Schmitt, 197 9) :

of Test Proteingr •
(5.1)

of AA in 1 gr. of RPmg .

RP = reference pattern of AA in the substancewhere:

The lowest of the scores for all EAA present in the food is

the CS for the food

t ion .
The CS must be determined prior to estimating the net

protein utilization (NPU). The NPU is defined for purposes
the operative net protein utilization (NPU-o f this study as

the proportion of nitrogenop).
intake that is retained at consumption levels equal to or

greater than maintenance levels.

that minimum levels of caloric intake This
insures that more than the normal quantity of protein will

be broken down for use theThus,not
application of NPU-op to the model is justified. Indeed, as

there is little reason notwill be shown, to maintain these

were being met.

of a protein orthat the chemical score

This is itself defined as

used as a standard (egg)

or combination of foods under considera-

Previously, it was assumed

protein in the unit of food that can

as an energy source.

AA Score = mg. of AA in 1
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assumptions under normal conditions affecting the FHs in Du-

Drawing from the works of Smith

and Miller and Payne the NPU-op can be calculated using the

equation (Smith, Miller and Payne, 1963):1975;

NPU-op = (CS+8)[l-K(P-CZ)] (5.2)
where: 5.1CS = Eq.

8 = a constant associated with the qualita­

tive relationship between the concentra-

P-C% = The protein-calorie percent which is the

protein content of
percentage of total metabolizable cal­
ories

constant equal to 0.0189K = a

The NPU-op for each crop must be known to estimate the

and crude protein (CP)The RP, NPU-op,supply of RP. are
is the total amount of protein foundlisted in Table 19. CP

of food whether it is utilizablein a unit
"protein of highThe RP may be defined formally as a

specified pattern of aminobiological value, containing a

acids completely utilizable for anabolic purposes at main-
"completely utilizable for

or not.

tenance levels" or more simply,

a food expressed as a

of protein, and NPU-op

mila, Mkundi and Magole.

tion of protein in the diet, the quality
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44.83 47.98 40.81 43.18NPU 57.88
(gms/kg) (gms/kg) (gms/kg )(gms/kg) (gms/kg)

126101 75 22195CP

54.4143.41 90.1942.59 48.46RP

purposes" (Smith, 1975).anabolie
be derived using the equation:crop may

(5.3)= (NPU-op) (CPi)/100
NPU-op is defined previouslywhere:

= the quantity of crude protein sup­
plied in 100 gms of food of crop^

The determination of the RP by crop lays the groundwork for

the estimation of UP by crop as well as the coefficients for

the LP mode 1.
The estimation of UP on a kilogram basis for each crop

may be made through

Table 19. Net protein utilization and reference proteins for 
major crops produced in Dumila, Mkundi and Magole.

Maize 
(mg/100 

gms )
Sorghum 
(mg/100 
gms )

Rice 
(mg/100 

gms )

Beans 
(mg/100 
gms )

Sun flower 
(mg/100 

gms )

NPU-op = (CS+8) (1-0.0189 (P-CX))
CP is crude protein per kilogram of food
RP = (NPU-op)(CP)/100 for each crop

use of the equation:

CPi

RPi (i = 1 ,2, ... ,5)

The RP for the individual
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= [RPi/l-((7•6)CPi/Ci)]-.08(CPi) (5.4)
where:

= total grains of crude protein per kilogram of

Supply of calories on a kilogram basis of food are de-

by major food

therefore the UP esti-sumed to be the

standard coefficients.in Table 20mates are

Sorghum Beans.Crop :
ca 1/kg ca1/kgca1/kgca1/kgNutrient:
3640 3360Ca lories 3470 48603620

gms/kg gms/kggms/kg gms/kg gms/kg

45.5 162.754.145 .6 57 .7
Utilizable 
Protein

Table 20. Calories and utilizable protein per kilogram of 
food consumed.

Sun­
flower 
ca1/kg

®Maize meal, 96Z extraction rate. 
bRice, lightly milled and parboiled.

source (Latham, 1979).

Ric ebMaizea

rived from Latham's estimates which are presented in Table 20

same among villages,

= calories per kilogram of food^

f ood £
CPi

UP£

Ci

RPi = reference protein per kilogram from food^

Source: Latham, 1979

Quality of foods is as-
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Once the UP per kilogram for each food source has been

determined the weighted average of UP may be derived. This
the basis of proportions of foods consumed in the

different villages.
seen from the table the coef-As

ficient for each village is the product of the division of UP
innormally consumed in the village by the total quantity,

This provides a benchmark withkilograms of foods consumed.

which to compare the results of the LP models.

Weighted UP

GUP/kgkgGUP
561,311Dumila 72,797

1,47 2 58Mkund i 85,002
1,544 5483,807Magole

1980 B/CS.Source:

mine the supplies of UP over a normal range of consumption.

Tot. Consumption 
Major Crops

Tot. GUP 
Available

is done on

age are given in Table 21.

Table 21. Derivation of weighted basket of utilizable protein 
from consumption of major crops.

5■3 Utilizable Protein Requirement s Over a Range 
of Consumpt ion

One more series of computations must be made to deter-

The coefficients for this weighted aver-
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the basis of the proportions of major crops

consumed.
rops is the estimation of UP required by

presentative FH to meet minimum requirements on a yearly

estimate of total calories for the FH onbasis.
Finally, information previously

developed is incorporated into equation 5.5
This implies that the

protein in the diet is 1002 fully utilizable or in other words

This is also the

inimum amount of protein necessary to

pply the representative FH on a yearly basis if it were alls u

Shimkin has suggested a per capita requirement of 41
of UP per day (GUP/day) for the individual in Tanzaniag rams

1 983 ) . Latham has estimated the local protein(Shimkin, re-

38.8 GUP/day and 41.7 GUP/day forquirements for Kenya to be

Mozambique (Latham, 1979). Shimk in's
The Shimkin estimate must be ad-used in this analysis.are

amount which represents protein con-justed downward by an

timate has been considered previously in chapter four.

The CUs per FH and for the representative FH by nutrient

used in conjunction with

for UP from major c

completely used for anabolic purposes.

suggested requirements

This is done on

point defining the m

the re

sumption from sources other than the major crops.

a yearly basis must be made.

The first step in estimating an aggregated figure

These areare found in Appendix B.

This es-

used in tissue formation.

Secondly, an

RP level when UP and CP are equal.

to estimate the

and an aggregated measurement of UP from those crops when
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the UP by major food to derive yearly UP requirements. This

quirements for calories in each village.
that the requirements

representative FH .the

4,735,00061,800Dumila 5.64
4,164,00051,000Mkund i 4.96
3,912,00054,3004.66Mag ole
4,298,00056,000K ilosa 1 5.12
4,365,00055,300K ilo sa 2 5.05

1980 B/CS, computer generatedSource:

average of Shimkin and
World Bank estimated caloric requirements (Shimkin, 1983;
World Bank, 1981). 2,295 calories per

daily basis.

is based upon the number of CUstein requirement, in the FHs

CUs
No .

aRounded to nearest 100 GUP.
^Rounded to nearest k cal (1000 calories).

UP Requirement 
GUP/FH/Yra

Calorie Requirement CAL/FH/Yrb

capita on a

The caloric requirement is an

information is available in Table 22 along with yearly re­

Table 22. Consumer units, utilizable protein and calorie 
requirements for Dumila, Mkundi and Magole.

It can be seen

This average was

are directly related to the CUs for

This requirement, as was the pro—
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surveyed.

the total requirement has been used.

The survey data does not provide in­
formation on the time of the year that shortages of calories

It is obvious that the supply of calories ismay occur.

greater immediately following the harvest of the earliest

Prior to this period calories may be more

the total requirement for calories isTherefore,scarce.

used t o
with little

Now the information which has been developed may be in-

= [RP'(Ql)/l-((7.6(CP))/C,]-.08(CP) (5.5)UP '
= Quantity of food normally consumed inQ'where:
kg/yr

in food normally consumed inC ' = Calories

ca1/yr

Setting UP’=CP and solving for RP1 provides the reference

protein on a kilogram basis for the basket of foods con-

which are supplied from sources other than consumption of the

major food sources.

UP from individual food sources.

insure sufficient calories over the entire period.

However, rather than adjusting for the calories

maturing crop.

This assumes that the ability to store crops,

products of major crops,

deterioration in quality, until the following harvest exists.

corporated into the equation for UP1 for the combination of

calories over the year.

The equation is the same as that for the

This is done to accomodate the differences in the supply of
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sidered. Assuming normal patterns of consumption this rep-
theresents to

UP' requ irement s if the CPmeet These
found in Table 23. In other words, theat

point CP = UP', is 100. Through the use of

may be observed (Smith, 1975). the quantity of CP in theAs
diet increases, the minimum acceptable ratio of UP

function of EAA proportions

decreasing referencein the diet. This manifests

RP ' UP'=CP

Dumila 47.14 61,800
Mkund i 34.65 51,000

54,300M a g o 1 e 35.17
Kilosa 1 56,00038.78
Kilosa 2 55,30039.25

1980 B/CSSource:

Table 23. Reference protein minimum levels with crude protein 
100% utilized (UP'=CP).

range of protein quantity/qua 1ity relationships

minimum quantity of UP' which must be consumed

by Smith a

a declining chemical score,

will remember is assumed to be a
itself in a

which onecreases representing

a linear approximation of the nonlinear constraint suggested

were 100% utilizable.
coefficients are

the chemical score

to CP de-
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protein level. pointed out earlier, the consumption
of combinations of foods may result in higher chemicala

protein utilization from the same
quantity of food. in the LP

both quantity and quality over
With this accumulated information pro­

Coefficients
the vil­

lages may be ascribed to the constraints.

5.4 The Protein-Calorie and Amino Acid Model
The constraints dealing with EAA, calories and protein

The coefficients

associated with the equations are found in Appendix C.

The constraints dealing with essential amino acids (EAA)

presented in Table 24.are
These consist of constraints deal-the EAA.adequately treat

ing with lysine, total sulfur containing amino acids (cystine
threonine and tryptophan.and methionine), methionine,

The ratio of EAA to protein and nonessential amino acids

derived from Smith's work (Smith, 1975). The propor-

fashion consistent with theThis has been done inAA. a

recommendations of the 1957 FAO Committee Protein Require-on
and does not contradict the suggestions of the 1965ment s

for the LP by villages and for aggregated data from

a range of CP intake.

tein and caloric constraints may be defined.

model provides information on

(AA) which are required to provide protein in an economical

score and subsequently more

As was

tions do not allow scarce EAA to replace the more abundant

way are

Five constraints are necessary to

The inclusion of both UP and UP'

are listed below in their equational form.
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Table 24. Amino acid constraints.

Cons t ra int

1 0.04000u >0
2 0.03424u >0

3 0.01712u >0 Methionine
4 0.03168u Threonine20
5 0.00992u 2.0 Tryptophan

Smit h,Adapted from the work of V.E.Source : 1975 .

FAO/WHO Expert Group or that of the 1971 FAO/WHO Ad Hoc Expert

Energy and Protein Requirements (FAO, 1957; FAO/

1965, 1971). The ratios provide the required proportionsWHO ,
Methionine must provide atbetween EAA and among EAA and AA.

50 percent of the total sulfur containing amino acidsleast
and the ratio of EAA to AA is not allowed to fall below 32

The latter restriction insures thepercent .
possible rather than EAA (Smith, 1975).

straightforward.The EAA constraints They stateare
that the summation of EAA from all foods consumed must be

in the diet at levels necessary to meet minimumfound propor­
tional requirements. It is clear from the constraints that
the quantity of EAA is a function of the quantity of UP which

Total sulfur con­
taining AA

Constraint
No .

X j

Ia3j*j "
Xa4jxj -

Purpose 
Provides the mini­
mum ratio of

Xa2jXj -

£a5jxj '

bi

Comm it tee on

use of AA when
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is available for consumption in the diet. UP ingested is
itself

the diet.

incorporated in the model. These provide minimum levels of

consist of the constraints in Table 25.These

Constraints ten through thirteen may be explained using

an example.
a t

is the minimum level of CP consumption necessaryThiso f 100.
from the diet assuming it is entirely used in the formation

Constraint thirteen defines the range within whichof tissue.
choices among quantity and quality may be made. For example,

GUP'/FH/year.(UP1) in is 6 1,800considerations

This defines the beginning point where the minimum acceptable
quantity of CP is also 61,800 GUP'/FH/year.

to be the point where the chemical score is 100

If CP falls below this point
possible to meet Each point Y througha

for equations eleven and twelve represent an endpoint of a
linear segment. The linear segments may be as

minimum requirements.

Yf

minimum level of utilizable protein for quality

b e r this

a base for utilizable protein

numerous as

assume the

These aspects of the nutritional model are pre­

equating UP' and CP.

sented in constraints six through thirteen.

Constraint ten sets

a function of calories and the concentration of CP in

One will remem—

chemical score

One calorie constraint and six protein constraints are

FH is to avoid the debilitative effects of undernourishment.

a point where UP'=CP which corresponds to a

calories and utilizable protein which must be consumed if the

the diet

it is not
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specificity dictates. The endpoints included in the LPare
the coordinatesare

(CP , associated withone
constraint thirteen. of the in-

the linear segments any combina-or
For instance, let

=245,000 GCPthe points and
GUP',

+ are
In determining the coordinates (CP, UP')maximization of UP.

S im ilarly,riving at

In
total production of CP would be 190,040 gramsother words,

which would yield 74,182 grams of utilizable protein. This

corresponds to

If one
quality of protein this may be done through limiting the

quantity of CP consumed. In response

higher chemical score is necessary to provide the minimum

This implies different consumption patternsamount of UP.
which provide higher quality of protein. This is an appli-a

in limited

supply.

.7Yf

a4Yfa^

•3Ya

cation of the model which may be useful when CP is

agYf=79,489 GUP'.

a5Ya=61,800 GCP,

.3(61,800) + .7(79,489) = 74,182 GUP' would be produced to

The solution may

a = 6 1,800

model as column vectors whose elements

a chemical score of approximately 40 percent.

finite number of points on
contain any

chosen as

to the constraint a

a value of CP=190,000 GCP/FH/year.

meet requirements for the representative FH for the year.

.7(245,000) in ar-

Assume that

wishes to be deterministic with respect to the

a result of thearrived at such that
an optimal solution is

tion of two of those points, but no others.

UP1) and the weighting factors of

simply multiply .3(61,800)one would
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5.5 The Mineral and Vitamin Model

Other factors are important determinants of good health.

Many of these are associated with vitamins and mineral con-

sumpt ion. Five of these have been considered as components

of the LP model.

The nutritional model may be completed by the inclusion

the constraints displayed in Table 26.of The mineral con­

straints included consist of calcium and iron, whereas the

riboflavin and nia-vitamin constraints consist of thiamine,

c in.

provided mainly through consumption of the major foods in the

villages .

Table 26. Mineral and vitamin constraints.

Constraint

Calcium13 Sa

Sa Iron14
ThiamineSa15

Sa Riboflavin16
NiacinSa17

Smith,Adapted from the work of V.E. 1975 .Source:

Purpose 
Provides the Mini­
mum Requirements 

f or :

Constraint 
No .

—b15

—b13

—b14

16jXj

13jXj

15jXj

14 jX j

17jXj

—b16

—b17

bi

These were considered to be the vitamins and minerals
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data They are
based upon representative FH requirements.

requirements to be met from all sources of food and are unad-

available from

in the calorie constraintscase

nutrient utilization is thus incorporated.

5.6 Summary

There exist ranges

The lower limits of this range were used in thedaily basis.

basis for yearly estimates.

the Latham requirements

Smit h.

The mineral and vitamin constraints

in their intent and usage.

to produce foods which meet yearly requirements for themodel
as s .

constraints all interact to focus the production activities

of the FH on those crops which will best meet the require-

pres ent
Figure 4 presents the complete matrix of thein the model.

linear programming model used in this research.

justed downward to account for the nutrients

a buffer against inadequate

are straight forward

was somewhat higher than those of

This was done because

food sources undefined in the survey results.

These are the

The requirements are those provided by Latham and FAO

were the calorie and protein constraint

The EAA, energy and protein, and the vitamin and mineral

ments given the land, labor and focus loss constraints

of the inclusion of the buffer and also because the level of

for intake of these nutrients on a

mode las a

As was the

They are expected to cause the

for East Africa (Latham, 1979; FAO, 1970).
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Figure 4. Matrix of linear programming model.
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incorporated in this work was the provision of food. Con-

This allows the model to be used as one toolinto the model.
ing the effects of varying the availability of re-

This will be the subject of the following

dealing with the results of the modelling effort.chapter

in measur

straints faced by the FH were identified and incorporated

sources to the FS.

The first goal of the FH’s responding to the survey and
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CHAPTER 6

6.1 Introduction

This chapter presents the results obtained from the

spective in the villages of Dumila, Mkundi and Magole. Two
aggregate models for the northern part of the Kilosa district

to
The villages studied are located in the northern part of the

district. The representative farms developed for the Kilosa

district are based upon a weighted average of information ob­
tained from respondents in all villages for Kilosa 1 and for

The representative farm forDumila and Mkundi for Kilosa 2.

the median response to ques­

tions from nonmechanized FHs in each village with the excep-

the average response.

The results obtained usingc e s s ive

with the results obtained after the inclusion, first, of nu­
tritional constraints. Secondly, the focus loss constraints
will be incorporated with highlighting of pertinent informa­

tion.

THE RESULTS OF THE LINEAR PROGRAMMING 
ANALYSIS

only land and labor as model constraints will be compared

tion of CUs which are based on

linear programming analysis of the FS from a nutritional per-

as Kilosa 1 and Kilosa 2.

each of the villages is based on

levels of sophistication.

are also presented and referred

Section one will deal with the model results at sue-
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the ranging of cotton and rice
values in the objective function to determine the sensitivity
of the model to yield potential of these crops in terms of

utilizable protein (UP). Cotton is the only

purely cash crop in any of the FSs studied, therefore of
special interest. it has been suggested byFurthermore,

Manday that government influence requires a minimum of one

hectare of cotton be cultivated by the FH (Manday, 1982).

Rice is cultivated by approximately 20X of the FHs in Mkundi

but by approximately 702 of the FHs in Dumila and Magole.

ranging the level of constraints for those which are binding.

all of which were found to be binding.

observed.

The final section deals

This is important
because it helps to understand how stable the model is to

Focus loss risk
considered first, followed by limiting re­

sensitivity

Section two will focus on

Changes which occur as

constraints are

limits of both column and row activities.

However, it is not a dominant crop in the results for any of

available resources are assumed to become more available are

the villages or the aggregated Kilosa model.

a cash crop,

with analysis of the

labor and specific nutrients,

changes in the availability of resources.

Section three is used to investigate the effects of

sources and then the active objective function coefficients.

This has been done for land,
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A need existed to see what results would be arrived at

nutritional constraints significantly altered the allocation

The inclusion
loss constraints did not result in large changesof focus in

Furthermore,

while there was revenue
greater diversification of crop ent er-

prises which is clearly superior in terms of consumption pat-

Results also suggest that large

of heterogeneity exists between the village of Magoleamounts
and the villages of Dumila and Mkundi which appeared rela­

tively more homogeneous.

Each table presents informationmodel at different stages.

constraints. Secondly,

total grams of utilizable protein produced is presented along
for the crops not produced.with marginal values

the marginal values and

which must be deducted from the objective value when one
kilogram of the particular crop is forced into production.

6.2 Allocat ion of Resources at Success ive 
LeveIs of Mode 1 Sophistication

a decrease in the gross

listed as
These are

if the model was run at successive stages of development.

on the optimal cropping pattern subject to the differing
the total kilograms of each crop, and

villages there was a

terns of the villages.

This was an enlightening process in that it was found that

of resources among crop production activities.

this allocation, except in the case of Magole.

in two of the

are interpreted as the GUP

Tables 27 through 29 present the development of the LP
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Table 29 incorporates information generated by the ad­
dition of the focus loss constraints. The focus loss activi­
ty levels found below the marginal values in Table 29.are

interpreted in the following The FH ismanner. as­

sumed to perceive of security associated with

diversified production pattern.

corporated in the focus loss and MINI constraints

oped in chapter four. A particular level of activity, either

through production of the enterprise directly or through pro­

duction sufficient to allow the resstraint,

(6.1)

to be met through transfer of nutrients among cropping acti­

vities within the model while meeting the MINI constraint,

(6.2)Loss = MINI

optimal solution to be derived.be available formu s t an
the level of activity in Table 29 forIf

element is binding (BND) this that the loss generatedmeans

in the MINI constraint when incorporated in the focus element

The same principle applies to the
Each one when incorporated in the focus elementactivities.

SFCLj(X-) - 1/K Loss £ 0

ENjXj

some measure
nutrition from a

as devel-

These are

constraint will be less than or equal to zero.

This is in­

constraint are equated such that FCLj(Xj) - 1/K Loss = 0.

other nonbinding focus loss

a focus loss
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fully commercialized economy the cropping diversification

This
that full commercialization is accompanied by greaterassumes

security with respect to the supply of a variety of foods in

Mkundi is the only village which producesthe market. more
in the absence of nutritional constraints.

However when nutritional constraints are included,

Table 28, only Magole FHs would produce two crops.-
A two crop production system would affect both factor

and product prices if all the nonmechanized FHscosts

undertake
available to support the above contention it is

inlikely the process,
to the welfare of the FHs given the present level of commer-

c ializat ion.

apparent benefits would be offset quickly. Lower incomes

would result from potential over supply and higher free market
of nutrients not

thus not available at Further-
the differencess in grossmore ,

The

with the exception of

Magole,

similar cultural practices.

cropping patterns found in Table 29

lar to those which were reported,

a dynamic sense, would be detrimental

revenue are not that large.

cultivated anymore in the

are quite simi-

While no empirical re-
were to

a similar price.
prices for sources

associated with these villages might be reduced.

suits are

villages and

Even though, in a static analysis,

is higher for Dumila and Magole, as seen from Table 31, the

in terms of kilograms produced, crops cultivated and

gross revenue

than two crops

Information derived from Table 27 suggests that in a

as in



the loss activity. The pattern of aggregated cropping acti­

vities from respondents is presented in Table 30 for the vil-

This may be compared with the pattern suggested by thelages .

model.LP

594889Maize 997

455 575412Sorghum
390480 240Rice

160 240157Beans

345 13195Cotton

244110250Sunflower

1980 B/CSSource:

The results from Magole were ambiguous and it is presumed that

When Magole
the results were

the reported cropping .patterns

in Dumila and Mkundi.

Dumila 
kg

Mkundi 
kg

Magole 
kg

Table 30. Median production of major crops by the nonmech­
anized small farm household.

more reasonable relative to

results from Kilosa are biased for that reason.

as in the Kilosa 2 model,was disaggregated,
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It is interesting that at levels of land availability

which are restrictive, diversification might be reduced. It

however, the two FHs

with the smallest amounts of land under cultivation did just
that. One FH with 1.42 ha. cultivated reported land under
maize production to be .40 ha. and .40 ha. under sunflower

production. The additional .62 ha. was under minor crop pro­
duct ion. The FH with the next smallest area of land under
cultivation had .40 ha. under maize and .6 1 ha . under s orghum

.32 ha. under pigeon andpeas

.40 ha. in other While 1.74crops.

ha. of cultivatable land reported producing three of majorthe
another FH of 1.82 ha. produced only two. Three of thecrops

four smallest FHs found to produce only two of the maj orwere

the district.forcrops

The total grams of

respond to the demand for utilizable protein

units in Dumila and Mkundi as well as Kilosa 2. Theconsumer

loss of UP,
tein shortages occurring, also follows the expected pattern.

The loss in Dumila which has the highest requirement is ap­
proximately 35,000 GUP and that for Mkundi 43,000 GUP. Kilo­
sa 2 o nwould also fall into the pattern if the constraints

is not intuitive that this would occur,

cultivation with an additional

one other FH maintaining

utilizable protein are found to cor-

that which may be foregone without serious pro-

on the basis of

calcium and tryptophan are lifted.
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which would be generated if all productionvenue

ther than part of it being consumed. Free market prices are
used for those crops bought and sold without government in-

terf erence . For those crops which are only sold to the gov­

ernment parastatals, government prices were used. Price
information is available in Appendix C. Farm gate

the complete model reduces the total grossused.

It is not clear whether this

where the difference is small such as Mkundi and the Kilosa 2

be reasonably assumed that disposal income

would be greater given the complete model production guide­

transaction costsThis follows from the fact that nolines.
The transaction costsin the analysis of gross revenue.are

associated with food purchases when deducted would be higher

This wouldthe reduced model than the complete model.for
result from the need to purchase a greater range of foods

implicit palatability levels.and
A very revealing picture of the disparity between gov­

ernment pricing and free market pricing practices is availa-

Even though it is of little empirical valueble in Table 31.

it is clear that a disincentive exists in sales made to gov-

6 • 3 Gross Revenues from Different Stages of 
Model Development

which had not been produced to meet nutritional requirements

aggregate it can

In each case

gross re­

revenue as would be expected.

prices are

Table 31 presents the results in terms of total

However, in the cases

was sold ra-

results in more disposable income.
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eminent marketing agencies.

This is

It is practically halfsma11 FH.

of the gross revenue of Dumila, 592 for Mkundi and 482 for

M a g o 1 e.

employed .

Tables 32 through 36 all pertain to the results of

changes in objective function coefficients. The exercise

is analogous to increasing yields a s s o c i-carried out here
ated with particular activities entering the objective

In these tables theinfunct ion
grams of utilizable protein per kilogram of both cotton

1)and rice
the exact amount of UP which equates

representative food unitthe purchase of in
pro­

duced in all of the villages it enters the basis for the op­
timal program in none of them. A number of common character­
istics are brought to the forefront when the ranging has been

6.4 Ranging o f Object ive Function Values for 
Cotton and Rice

a kilogram of a

The average difference in gross
revenue between complete models for free market and govern-

would expect when nontraditiona1 agricultural practices are

It must be remembered that the physical and mone-

a significant amount of

This is done for two reasons:

revenue to be foregone by a

the market is not known with certainty, 2) while rice is

a kilogram of cotton to

tary capital requirements of these FHs are very small and

thus gross revenue will not be distorted as greatly as one

a "traditional" LP model.

are increased.

ment prices is 2844 T.Sh.



116
cd

M

C

o> co co r-~ r~

cn cn cn n cn

n

m \o cn st nxo m m <f ox <t
u aa

a>

HH

11II

mxo

I

o. in cn i~~ r-< max co <n co <T ax

Pi

II
cd

<U
h cn <n >t inMr-l CM CO in XO<!

CM
CO

U-l o

M
O

U-4

co a
co a 
<0 
M

a a

l 
I

c co 
O

co 
a

CO CO CO CO <■ <f 
m m m m m in

a> o

<u 
5

co 
a

m o co r- co 
n st m a) rx

co 
st 
CM 
in

a> <u 
M 
tn

a o

Ji 
CO 
H

•a 
a

CH 
u-< 
<u 
o 
o

Q. 
a>

4-1
CJ 
a s

U1 
4-1

a
tn 
<u

<U 
O

<u 
>

3 
o

S □

4J 
o 
o

a o

4-1 PM 
O 3 
O (J

co 
p 
u 
tn 
a 
o 

CJ

04 
M 
O 
U 

C/1

o 
>-i 

PM

<14 
3 cm xo o cm o in co <■ <t> m xo o' cor^.oi'd-osi- cm co xo co co cm .* <f in »

-a
C/1

a> 

a 
a> > 
04 
pi

tn 
tn o 
M 

CJ

o

•a 
a

04

O 
O 

C/1

00 00 CO xO XO 
m m m m m

<u 
a 
a 
04 > 
04 
Pi

tn 
to 
o 
h 
o

<d >

01 
o 
^4 
s 
o 

co

0) 
.a

s □ 
Q

a 
o 
4-J 
44 
o 
u

CO
6

a 
o

44 
o 
o

-o 
a

m 
o

m

d 
44 
o 
H

44 
d

S □ 
Q

OJ 
44 
o 
M 

PK

d 
M 
4J 
CQ 
a o o

.—I CM OQ O o S0 \0 O 00 ol m m cr\ o st m cn m oo co st st st St \O

d 
xj 
o 
H

X! 
C/3

4-1 
d

4J 
0)

M 
d 
S

XJ 
d 
3

M 
0) 
44

cu 
0 
O o

a; 
44 
d 
M 
<u 
£ 
cu 
to

<0

a

a 
0)

r5

44 
o 
0J

'o

(D
U

ai

o oo \o cn st
xo cn m st r* r*

i—4 r-l r-4 CM Ol

T5 
<U 
o

-0 
O

PU oo

-O 
CD 
U 
0 

*0
O
M tO 

PH
o f-t m \0 oo 

st cm m cn 
A N CM

to

U 
•H pm 
P^ ^9

O

d
> Pm

E3
• O

d
> Cl<

SO 
. ■ ° 
49 
O

•» m
•» * •» * o •» 

CO [X oo CTi co r*

O\ CM \o <D 00 \O
m oo o »-i st m

r-| r-l r-4 CM

r-l Ost o St o* St " O st oO * CT» st * Stco a> n •» a\ ** •» * cr» m oO' oo o' m

o
o *i—4 st O' Ost * m stM O' •» •»st o co o o* cn * m mo *o •* *co o' m oo oo



117

k

r* in m
co

co co coco co co

PQPQ

o st oo vo
o aa

00CD

ap4

k

<11
H

H

in m m

IIst
II co

co
co

cdI
co

cr» cm •-<P< in \© r-i

cm
II

QJ PQ —i cm cor—4 CM CO

H <D CM 
\o m m

1-4 co a\ 
\o st st

co 
4-1

st co o 
in co st

CM \O \o 
o r-

a> 
m

r-< m co 
<■ st co

co 
co

4J 
cu 
o

k 
o 

U-l

U-l 
u-i 

QJ 
o 
o

o 
a

QJ 
u

W) 
a 
cO 
k

CO a

i 
i

o 
o

rQ o

CD 
k 
o 
u 

03

o 
k 

ru

to 
G

co 
co 
O 
k 
O

QJ 
O

0J 
k 
o 
o 

03

CJ 
o

0) □

to a

m co \o 
cm ax o

cm st st 
o o o 
rd CM CM 
m o ax

CO CO O 
co co co

\0 
CM 
CM 
CO

g a o o

k 
o 

Ud

a) 
o
k

a 
u

a) 
o 
k 
a 
o 

03

XJ 
a 
cd

uh 
o

4-1 
u 
a s 

u-l

r£3 
o

G 
co 
CM 
k

a 
cd

cd 
0

G 
o

QJ 
>

G o 
4-1

co 
G 
O u

X5 
G

co 
4-J 
G

cd 
k

QJ
G 
G 
QJ 
>
CD 

cm

•o 
G 
G

S

G

m 
st

CO 
co o 
k e

X3 
0) 
co 
G

cd cd 
> >

x> 
G 
G

-0 
QJ 
co 
G

<ki 
o 
G

a 
> 
cd

rG 
cd 
H

QJ 
rG 
4J

c o

o 
o

XJ 
G 
G s

G 
O 
AJ

o 
o

cd 
U 
o 
H

rG 
03

0)
o 
k 

P-4

cd 
k

co 
G 
O 
O

cd 
4J 
o 
H 

CM

45 
03

<u 
G 
G 
OJ
> 
OJ 

cm

0) OJ 
(D 0) 
k k

i-H CM

4-> 4J 
cd cd 
G G

cu 
k 
o 

U-l 
(D 
k 
<u 

rG 
4J

rG a

G 
0) 
0 
G 
k 
<u 
>

XJ 
<u 
4J 
cd 
k 
OJ 
a 
a) 
oo

G(U

co 
4J 
G

k 
a

G 
Ck 
0 
O o

X3 
G 
G 

£

m m <r
cn m «

« - m
o> cn

■u
<u
u
3

T3
o
M 00

PU
o cn 

o o 
cm m

oo 
a ^4 
u 

•H PM 
at pa o

•a
<u
o
3

"U
O 00

Pm

d 00 
O

m-i Pm
O S3
U O

O st >-< 
ai cm 
st in

<u
3

rt
> Pm

E3
• O

<0
> Pm

• O
43
O

MJ MJ
<U OJ

a cd a a



118
0)

a

\O

CA

PQPQ

dd

CD

dcd

GJ
H

H

CA II

II
cn

cn co
I

d

04
m cn st

m o oo
&
II

oja)

§
<u

pq ■-< cm mH N M<

cm m co 
xO x0 xO

p 
o 
m

s a

60 a
M a «

<u u

I
I

J2 o

<u n o u w

<u

eo a

<■010 
r» oo oi

m 
co 
xo

o 
oo 
nJ s

GJ 
U

43 
O

a) 
0

gj 
u

oo 
d

CN \O \O 
\o m m

43 
C/3

O 
cn 
m 
in

o

GJ 
O

OJ 
u

0«

on

44
O

44
44
0) o u

o 
d 
0 

44

0 
d a

o
d
S

a 
o 
4-1 
44 
o o

a 
co 
GJ

d o

OJ 
>

0 
d

d 
kt 
44 
CA 
d o o

OJ 
0 
d 
OJ> 
gj 

Bl

CA 
CA 
a 
M 
O

43 
C/3

-0 
d

GJ 
M 
O 
u 

co

CA 
CA o 
M e

d d o o

OJ

a 
44 

gj 
M
GJ 

43

0 
GJ 
CA 
0

d > 
d

GJ 
u
0 o 

C/3
*d 
H

04 o

a
GJ

43
O

JU

d
0

o 
00 
d 
3

d 
o

44 
O o

d 
o 
44

o o

r* \o cn 
r* \d •—< 
r-4 o co 
in r4 in 
oi on m

ko xd 
<r st

d 
M

CA 
d o o

rx oo oo 
r-4 Sf 
m oo co 
CN OI CM

\0 -4 
St

43

d 
44 
O 
H 

CM

GJ 
0 
d 
GJ
> 
GJ

d d > >

44 
O 
d

GJ 
44 
0 
04 
a o u

GJ

O 
M 

CX

d 
44 
o 
H

GJ

O 
k 

04

44 
d

GJ GJ
GJ GJ

PM (M
rH OI

43

r2

o 
00 
a

-0 
GJ 
44 
d 
>4 
GJ 
d 
GJ 
00

CA 

d

d 
GJ 
B 
d 
M 
OJ > 
o 
00

44 
d 
GJ

O

o <r o 
m \o

*0 
GJ 
O 
0

*0
O
M 00 

0<
O O' \O oo in <t m

d oo 
o 
44 
4J 04 
O S 
O O

d 04 > 
CJ

00 
GJ u 

■r4 0< 
04 ^3 e

\O * " 
<r r-4 cn* st m

•0 
GJ 
CA 
0 -H

0 
GJ 
U 
0 
0 
O 
M 

04 00

d 04
> £3 o

44 XJ
G) GJ

d
0

st cn o
* m on 

cn * * 
cn cn cn

^*st
st cn cn

* cn cn 
cn •» •» 
cn s s

d d 
0 0



119

0)

kt

w

oo oo co oo
cn m cn mcn cn cn

PQPQ

O aa
>

a&

GJ
HH

IIII

CO

I

O

cn m
&
II cd

i4

H CN| cn«h cs cn<2

oo

I 
I

kJ 
P« 
O

M-l 
O

k< 
O 

u-j

OJ u

00 a
00 
c 
d 
kt

XI o

0)
3

OJ 
o

OJ 
5

00 a

\O O r-< CO 
st st st m
o c^ o o 
<f cn cn cn

\o \o f-l 
<■ st st

U-t 
o

kt 
a

u-<o

co □

w 
gj 
00 
cd

oj 
o

(fl 
OJ u

'O 
a 
cd

CH

OJ 
o 
o

kJ 
o a

m

<fl 
OJ 
kt

CD 
>

a 
o

cd
(fl 
o

kJ 0< 
O ED o o

(D 
kt 
o o 

cn

OJ 
4J 
o 
kJ 

O<

C 00 
o

00 a

st ox ox st o CM \O ax r* co \O \O co

(fl 
(0 o 
kJ o

cu 
□ a 
a 
> 
(D 
cd

cd 
(0 
O

rQ o

*O 
a

OJ 
kt 
O 
O 
cn

OJ 
kJ o 
kt 

Oj

(D 
O

4 co m ox st \o cm cm \o oo cn r*. o o \O xO O \O r-i r-4 CM CM

oj 

a 
0)
> 
0) 

cd
co 
ui o 
kJ e

CD 
kt 
O 

UM
CD 
k< 
GJ x: 
kJ

XD 
cd

0J 
00 
cd 
kj 
0J 
> 
cd

cd 
> 
cd

'O 
OJ 
kJ 
cd 
kt 
a 
c 
0) 
00

GJ 
O 
kt 
3 
O 

C/3

a 
cd

P<

CD 
-C 
kJ

(fl

o
kJ 
o 
o

kJ a 
0)

cd
9

a 
o

AJ
O o

a 
o 
kJ

o 
o

a

cd 
k< 
kJ 
(A 
a 
o 
o

cd 
kJ 
o 
H 

CM

X3 
cn

kJ 
cd

\O

cd 
kJ 
o 
H 

CM

o
o 
\O

CD 
CD 
kt 

Xd

CD 
x:

o 
G

Ck e

us 
kJ c

O\
00 
in

cd 
kt

co 
a 
o 
o

(fl 
kJ a

cn

kJ 
cd

o
3

kt 
CD

5 
Ck 
a o o

kJ 
o 
01

X3 
O

\D O St 
r* cm o 

i-4 CM

'O
GJ
O□

'U
o 
kt 00

P4
o ox m oo 

st m co 
in \o

X3 Od 
cd 
H

cd p4
> ED

O

O St 00 
in ox 
cm cm

'O
GJ 
O

-a 
o 
kt
ex oo

00 
GJ 
o 

•H 04 
Cd ED o

Cd 04
> S3

O

(fl -a 
t4 qj

- W

GJ GJ .. 
GJ GJ GJ 
ki kt >

Pm O 
—4 CM

kJ 4J 
0J GJ

•o
GJ 
CO 
0
0 g 3 
o O

o• o oo 
oo so m 
m

o o
• ..-io 

co co \O SO 
m m

J « _ 
> > .h 

M 
tx

4J 
M b C 
cd rt a> 
0 S H 

n 
M

•r4 CO 
4-> *J -H 
cd 
9m so m co 

m •4' m cm 
st oo o m

\D<•
\O * xO 
st m st
o * o 
st ox st
* cn * 

o\ •» ox 
cn co cn

m cd 
cn «fl o 
GJ r-4



120

CD

CQ

<0

cn n ro mcn cn cn

PQ

o aa
>

ap4

a)
HH

IIII

cn

cn

I

ex pet m oo oo st
II CO

CNCN

CN

>4

h cn m <th cn cn M<
OO

XJ XJ 
co CO 
p _5

ON o o o 
cn cn m rn

xO 
cn

33 
O

*M 
O

XJ ex 
o

U
XJ

CD
U

00 a
00 
p co

a 
cO

I 
I

o 
u

33 
O

0J □

00 
a

CO CO 00 
in m m

ox 
oo 
CN 
in

QJ 
u

00 
a

o ox on cn 
st cn cn cn

\O o o on 
st st st cn

ON 
oo sT st

u-io

co 
ai 
00 
co

0) o

CD 
M 
CO

co 
0) 
o
ki 
CX

T3 a 
co

M 
O 

CM

U-l
CM

CD 
o o

O 
p a 

U-l

O 
cd

p o

p cn ai 
k

CD 
>

cO
CA
O

-o 
p

CD 
M 
O 
U 

C/2

& 
C/2

CD 
P 
P 
CD> 
CD 

c4
cn 
cn 
o
O

cO 
cn 
O 

r—4

CD 
O

s o

*0 
P

CD 
P 
O o 

co

CD 
XJ 
o 
M 

PU

CD 
P r-l CN 00 OO m m xo so h. cn cn cn 00 ON ON ON cn cn cn cn

in CN O r4 
St ON i—I r—4

oo co r* r* 
in in m m

xO xO xO 
st st <■

CD 
p 
p 
CD
> 
CD 

Pet
cn 
cn 
o 
M o

a/ 
cn 
P

CD
CD

35

CM 
O

O 
CM

33 
0

XJ 
o 
p

CD 
00 
<0 
k 
CD

0

0 >

*0
CD 
cn 
P

•O 
0) 
XJ 
CO 
ki 
CD 
P 
0) 
00

01 o 
M 
P o 

C/2

CD
35

P 
O

o u

p o 
XJ

P
O

o 
o

0 
M 
XJ 
cn 
P o 
o

0) 

o 
Pm

i-m st cn m cn co 
r* CN i-l 
oo oo oo 
cn r* oo

xD xO 
st st

P 
XJ 
O 
H 

CN

XJ 
0

0

XJ 
cn 
P 
O 
o

cn 
XJ 
P

P 
XJ 
O 
H 

CN

35
C/2

XJ 
cO

0/ 
M 
O 

CM 
0) 
M 
CD 

32

CD
35

O s 
4-1

X 
01 
4-1 
5 
CX a o o

'a 
0

4-1 
a <u

<0
4J
3

fX 
0

3 « > >

Xi 
cd 
H

x> <u o 
s•o o h tn

ex

M 
<U Jd -----  

■^4 P4 
Pd 3 

O

T3 
a> 
o 
3

T3
O M

IX

cd P*
> E>

U

O ao cm 
cm a> i-i 

■-< cn

a oo 
O Jd

4-1 t 
O D o o

cd ex
> 3>a>

O co O 
m r- 
CM CM

cd 
cn 
O 

a) r—I

o o

\O •> “ <r o o
- <■ -4- 

O " " <t cr> o
~ cn cn 

<y> ~
cn s r-s

a u <u u 
<u 01 <u 
X M > 

(14 PX O 
^4 CM

\O t~~ O co -e 
CM

*J 4-1 
01 w

Jd 4J
X M C 
cd cd o) 
0 0 0



121

accomplished. models are used.
increased from their original values

value which could be increased infinitely without

point where the objective function

increased further given the set of constraints.
characteristics alluded to earlier pertains

models for Dumila, Mkundi and Kilosa 2. Kilosa 1 and Magole
variants due to the heterogeneity between Magole and theare

two villages.other

the objective coefficientsAs

1) The objective function value increases.
2) The quantity of the crop produced increases.

3) The protein score either stays the
decreases relative to4) The total gross therevenue

associated with the optimal plan.total gross revenue
One of the most interesting facts is that the protein

score
This suggests the protein quality deteriorates ascreases.

produced even though the quantity of pro­
In the case of rice

production there is very little increase in the total quanti­

ty of utilizable protein associated with large increases in
the utilizable protein imputed to For

3422 increase in the objective coefficient of rice is only

In each scenario the complete

through a

The coefficients were

a kilogram of rice.

instance the additional utilizable protein produced for a

tein increases in the case of cotton.

decreases while at the same time the gross revenue de-

to achanging the basis or

more cash crops are

same or decreases.

These characteristics are the following.

are increased:

to theThe common

could not be
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4728 Similar results are found both in Mkundi andgrams.

M a g o 1 e. One interpretation of this finding would suggest if

the FHs willing to foregowere

revenue and had the correct environmental resource base they
could produce rice substitute for another food source.
This may be done in order to supply

tion of foods for consumption. On the other hand, the yield

important objective of the FH.
gross revenue will decrease when rice is producedStill,

given the objectives of these models.

cotton production,

This is apparent from the range of the coefficients of these

crops .

straints which are associated with the binding constraints

be found in Appendix D.

The fact that increased production of cotton is detri-

the financial welfare as wellmenta1 to
welfare of the small FH given the assumptions of this study

The total gross revenue produced from inclusion ofis clear.
cotton production in the FS not only decreases but the asso­
ciated ability to purchase required nutrients is reduced.

are particularly sensitive to change.

of UP from rice may not be an

a more palatable combina-

as the nutritional

a certain amount of gross

number can

A list of con-

are increased.

least one nutritional constraint is binding.

In each case land, labor and normally at

as a

constraints which may be binding as the coefficient values

There is little, if any, reduction in the number of

Neither of the objective function activities, rice or
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tion in the FSs.

6.5 Increas ing the Supply o f Scarce Resources

6.5.1 Land

suggest that additional quanti-The results of Table 37

ties of utilizable protein may be produced given additional

similar resource endowment in other

Again, Magole isrespects.

Dumila is

constrained not only by labor but also by

in the marginal value pro-thus there is no changes t ra int,
labor until land becomes slack

labor becomes largerThe MVP of3.23 ha.a t as

land is added the FS.to

Mkundi is similar, however, the MVP of land is greater in

Approximately 30,000 GUP may be added by in­

approximat e ly 3.3 ha. It is in­in the F Screasing land to

land becomes non-binding at approxi-teresting to note that
ha. in Mkundi.mately 3.2 ha. in Dumila and 3.3 At these

144,096 GUP and 145,890 GUP are produced in the vil-leveIs
the MVP of labor for Junerespect ively. Furthermore,lages

in both villages reflect the importance of labor bottlenecka

during that time of year.
The results of Kilosa 1 are of

tance except to suggest again that the heterogeneity among

relatively little impor-

cultivatable land and a

a nutritional con-

A similar case may be made for the inclusion of rice produc-

duct (MVP) of either land or

a variant with land not being a

scarce factor of production in the optimal model.

straints become tighter as more

this case.

the con-
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Magole and the other villages is considerable and results in
Kilosa 2 results suggest

the cost in GUP becomes greater

for May labor which is not available. The MVP of May labor

is 369 grams of utilizable protein per male equivalent day
approximately 18 T.Sh./MED(GUP/MED).

Manday (1982) suggested that the wage rateat
On the basis

a

During the period Aprillimiting factor in two respects.

through June labor may be binding,

great in April that the hiring of additional labor
is justified.

the FH may not hire additional labor in anticipation of a

positive return to the investment.

6.5.2 Labor

Table 38 presents the results of ranging labor while
holding land constant. The labor periods which are binding
at a given level of MEDs presented in the first column byare
village or aggregate. The second column presents the MEDs
for the particular labor period which is constraining. The

As would be expected the labor intensityis constraining.

The MVP of labor is given in the final column forstraints.

might expect labor to be

increases inversely in response to decreasing labor con-

a much larger production of UP.

to be so

of this rough calculation, one

intensity of labor use is presented for each level that labor

3 T.Sh./kg.

that as land cost increases,

This corresponds to

however, it is not likely

Therefore, even though labor is constraining

per MED was 10.45 T.Sh. in the Kilosa district.
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be inferred fromthe peak period labor requirements.
tightly only in Kilosa 1

the hiring of additional labor is justified.that Using the
rough calculation previously used to determine the potential

for hiring labor at more clearly.

rate suggested by MandayLet us assume that:

is operative (Manday, 1982); 2) There is justification in

Seckier's content ion that:

and dismissal which in turn

a labor shortage restoring wages to energy equilib-cau s e s

3) The average price per kilogram of a representativer ium;

Using Kilosa it isis 3.00 T.Sh. an example.food

incentive for hiring of labor.f o und The

additional MEDs required to increase the UP production to

15.30 MEDs. The additional GUP174,609 GUP are 7,312.are

protein score of 60 this corresponds 121.8 kg. At 3t o
T.Sh./kg this

ted with the hiring of labor is approximately 160 T.Sh. Ac-
205 T.Sh.cord ingly, revenue.
labor hiring in Mkundi is not justified underIn contrast,

this criteria. increase the UP produc-

Using the

1) The wage

As a laborer's wage rate goes below 3 kg per day 
under the competitive pressures of underemployment 
his productivity decreases. As his productivity 
decreases there is more downward pressure on his 
wages as the employer tries to pay him at most the 
value of his marginal product. (Seckier, 1982)

the FH in gross

At a

the results that labor is bound so

tion to 117,887 GUP are 26.1 MEDs for 2785 GUP.

It can

The MEDs required to

that there is an

1 as

This finally leads to illness

a savings this can be seen

would accrue to

corresponds to 365 T.Sh. The expense associa-
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s ame

kg. The MEDs hired wouldThis is approximately 139 T.Sh.

Therefore,273 T.Sh.cost

be greater than the gross revenue and would not justify the

hiring of labor during peak periods in Mkundi. Dumila falls

Kilosa 2 is not constrained bysomewhere in the middle.

labor.

6.5.3. Vitamins, Minerals and Amino Ac ids

The results of the inclusion and exclusion of binding

vitamins and

For example, when tryp­

tophan is unconstrained,

binding constraint to increased production. The most im­

portant findings here deal with the absence of calories

limiting nutrient and the limiting effects of riboflavin in

Table 39 deals with vitamins and minerals exclusive-Mkund i.
ly because calories were not limiting in any of the models.

This suggests that in the normal year one would expect to see
little protein/calories malnutrition in this area of Tanzania.

Indeed this is true for the vast majority of individuals in

the district. infants andHowever,

They are susceptible due to weaning andmore

In each

mineral constraints

While the MVP of the nutrients are small they have fundamen-

are evident in Table 39.

young children.

abrupt changes in diet which may occur thereafter.

standards as above, 46.4 kg are produced at 3.00 T.Sh./

it does not apply to

the cost to the FH in Mkundi would

labor becomes a
tai effects upon the optimal models.

as in Kilosa 2,

as a

case where a vitamin or mineral is limiting these effects are
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exacerbated.
especially for the young.requirements,

The riboflavin deficiency found in Mkundi is not norma 1-

It is debilitating andlife threatening problem. may

It is of interest here
point of additional validation of the model. It has

been suggested by Latham and Shimkin that riboflavin defici-

frequently encountered in Africa and in Tanzania

(Latham,

constraints are relaxed,

tryptophan and calcium being the other two. This suggests

reasonable range and pattern of

production with respect to work carried out by others in the

region.

6 .6 Stability of the Opt ima1 Plans
6.6.1 Focus Loss Cons traint s

Table 40 presents the sensitivity limits for the focus

loss constraints included in the models. The lower limit and
upper limit represent the minimum and maximum values respec-

attain beforetively which the row activity can

If we take Dumila as an example and lookchange is required.

at focus loss maize

loss bean (FLBEA) could increase tomade. Row activity focus

-244.9 GUP without For each unit of increase

to -244.9

a basis change.

that the models are within a

a bas is

one of the

allow for more serious complications.

ly a

an interpretation of the results may be

from a

encies are

three most important nutrients as

which is the activity level of FLBEA,from -249.7,

Thus the need to meet or surpass nutritional

1965; Shimkin, 1983). It is found to be
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Resource

Duni la:

Mkund i:

Focus

Magole:

Focus

Kilosa 1:

Focus

Focus

Focus
Focus
Focus

Focus
Focus 
Focus 
Focus

-7744.2
-7737 .9 

-13414.5
-7 987 .7 

-13383.7 
-13574.6

-INF

-4293.9 
-3357 .7 

-10571.4
-3554.9 

-10508.1
-6083.8 
-INF

-11836.5
-6853.8

-11836.5
-6035.8

-11694.7
-11732.0
45302.6

-10905.8 
-15060.0 
-18586.6
-5503.2 

-18475.3 
-18586 .6
50773.6

872.8 
-9275.1 

-16210.8 
4367.1 

-16113 .7 
-16210.8 
69341.5

-6990.9
1502.5 

-6990.9
1859.6 

-6907.2 
-2773.3 
82565.6

<_ o
< 0
<. 0
£ 0
< 0
< 0

> 54,300

<_ o<_ o
< o
< o
<. 0
< 0

2 51,800

< 0
A 0
< 0
< 0<. o
£ 0

> 56,000

Upper Limit 
(GUP)

<_ 0
<_ 0
< 0
<. 0
< 0
< 0

>61,800

12.3
197 .2 

-5986.7 
-197.2 

-6278.0
435.5 

7 1,906 .3

312.6
6 .2 

-5671 .8 
-244.9

. -5687.4 
-5878.3 
108,162

Loss Maize 
Focus Loss Sorghum

Loss Rice 
Focus Loss Bean 
Focus Loss Cotton 
Focus Loss Sunflower 
Minimum Requirement

Sensitivity Limits 
Lower Limit 

(GUP)

Loss Maize 
Focus Loss Sorghum 
Focus Loss Rice 

Loss Bean 
Loss Cotton 
Loss Sunflower 

Minimum Requirement

Constraint Level 
(GUP)

Loss Maize 
Focus Loss Sorghum

Loss Rice 
Loss Bean 
Loss Cotton 
Loss Sunflower 

Minimum Requirement

Loss
Loss

Focus Loss Sunflower
Minimum Requirement

Focus Loss Maize 
Focus Loss Sorghum 
Focus Loss Rice 
Focus Loss Bean 
Focus Loss Cotton

Table 40. Optimal plan: Sensitivity limits for the focus 
loss and MINI constraints - optimal organization of the 
representative FHs.
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Table 40. (continued)

Resource

K1losa 2:

Focus

Focus

Source: Computer generated.

-3266.2 
-13552.1 
-13936 .2
-8229.8 

-13852.7 
-13852 .7
48767 .4

< o
< 0
< 0
<_ 0
< 0
< 0

> 55,300

Upper Limit 
(GUP)

1090.9 
-3943 .7 . 

-10393.1 
-3403.8 

-10330.8 
-10330.8 
74858.4

Loss Maize 
Focus Loss Sorghum 
Focus Los s Rice 

Loss Bean 
Focus Loss Cotton 
Focus Loss Sunflower 
Minimum Requirement

Sensitivity Limits 
Lower Limit 

(GUP)
Constraint Level

(GUP)
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cost of .08057 GUP would be incurred.GUP If FLBEA werea

restricted such that it equal to 244.9 the objectivewas

function value would decrease to 145554.6 which is approxi­

mately 20 grams of UP less than that of the optimal produc­
tion pattern.

basis change until -7987.7 reached.GUP are

The minimum constraint may be interpreted in

fashion. In both Dumila and Mkundi the minimum constraint

decreased infinitely without change in the basis.b ecan a

This suggests that the provision of the minimum requirements

of utilizable protein is not complicated by the introduction

in Magolecons traints. This is notof other the thecase or

it will beIn both Magole and Kilosaaggregate models. 1,
that the introduction of focusremembered from Table 29, loss

constraints resulted in

vided when comparing the three stages of the model develop-

inc r eases level such thatIn other words, lossment. as

MINILoss >

itin the allocation of resources. to be ofHowever, appears

primary importance only in this case.

6.6.2 Limit ing Resource Activities

vities is more straightforward than those of the focus loss
The results for the different locationsconstraints. are

in Table 41. It is importanttabulated look at theto ranges

SFCLj(Xj) the focus elements become important

a similar

a change in the quantity of UP pro-

The sensitivity analysis of the limiting resource acti-

to a

A decrease in the value will not result in a
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Resource
Upper Limit

Dumila:

Mkundi:

M a g o 1 e :

Riboflavin 2068.02128.0 2377 .0

K ilosa 1 :

Kilosa 2:

Computer generated.Source:

Land
Tryptophan

Land
FH Labor (May)

Table 41. Optimal plan: 
resources

2.47
67.0
67.0

1967 .0

2.81
71.0

2.40
59.3
62.0

1958.0

2.77
53 .3

2.52
67 .5
68.5

2121.0

2.67
49.2

2.79
71.0
70.0

748.0

3.23
72.0
71.2

787 .0

2.98
71.9

2.54
-107 .3

2.8
72.0
70.0

786 .9

2.60 
>0.0

Land
FH Labor (May)
FH Labor (June)
Calc ium

Land
FH Labor (April)
FH Labor (June) 
Riboflavin

Available Resources Sensitivity Limits 
Lower Limit

Sensitivity limits for the limiting
- optimal organization of the representative FHs .

aUnits :
Grams;

Land, Hectares; Labor, Male Equivalent Days; Calcium, 
Riboflavin, Milligrams; Tryptophan, Grams.
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within which these row activities are stable. It is apparent

This suggests that the optimal allocation of

labor or nutri­

tional.

change only in the quanti-

commodity produced rather than a production pattern

This is indeed the

case as has been seen from the development of the models and

analysis of results when constraints are relaxed.

The limits may be interpreted in the following manner.

When the activity is forced to its lower limit a basis change

results which causes a reduction in the quantity of UP pro-

the MVP ofduced.
if Dumila land is forced toFor instance,

corresponding decrease in GUP pro­

of labor this loss for MayIn the case

The opposite is true for increasinglabor would be 205 GUP.

supplies of binding resources.

MVP of the constraint is reduced. In each of the locations

to be ample opportunity for slackening of con-

ag­
gregate models.

objective function will increase

straints dealing with nutrients

change which results may mean a

ties of a

2.79 ha. there will be a

consisting of new enterprise choices.

The amount of the reduction is based on

At the same time it must be remembered that the

They appear to be more stable than the indi-

there seems

not very wide.

that resource.

that the ranges for the limiting factors of production are

at decreasing rates as the

As the supply increases the

or restriction of resources; be they land,

duced of 1226 grams.

resources is quite susceptible to change given the addition

as is suggested by the
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v idua1 models.

If land

value would be 165,614 GUP or a loss of approximately 1680
GUP. 53 .3 to 7 1.9

An additional MED would increase the objective func-MEDs.

tion by this amount if the range were

At 71.9 MED approximately 1000 GUP would be added.MEDs .

6.6.3 Stability of Object ive Function Coefficients

Sensitivity of the objective coefficients is important

in determining the stability of the optimal plan with re­

in grams of utilizable protein.range of yields
the coefficients appear to be relatively stableAll of

For example, the objective coefficientfrom Table 42.

sorghum is 54.1 which could be increased to 58.16 withoutfor

result ing in

Presumably this is because of thebasis change.

availability of other required nutrients supplied by sorghum

in this model at the optimal level. It is not intuitive why

Of all the production activities entering the ba­sistent.

This same conclu-s is , bean appears

sion might be drawn from the stability

of beans at different levels of constraints.

May labor's MVP is 1116 GUP for the range

spects the sensitivity limits

a basis change.

spect to a

are straightforward and con-

be seen

It may also be decreased to -288

In other re-

as can

without a

to be the most stable.

were constrained at 2.79 ha. the objective function

one sees in production

The MVP of land in Kilosa 1 is 32561 GUP.

this should be unless the latter is the case.

at least 53.3 to 72

This amount is relevant over the range 2.77 ha. to 2.98 ha.
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Activity

Computer generated.Source:

■Magole : 
Sorghum 
Beans 
Sunflower

Kilosa 1: 
Maize 
Sorghum 
Beans

Mkund i: 
Maize 
Sorghum 
Beans 
Sunflower

Dumila: 
Maize 
Sorghum 
Rice 
Beans 
Cotton

Kilosa 2: 
Maize 
Sorghum 
Beans

45 .6
54.1

162.7

45.6
54.1

162.7

54.1
162 .7

57 .7

45.6
54.1
45.6

162.7
79.9

45.6 
54.1 
45 .6 
57 .7

37.73 
-288.21 

154.75
56.59

19.56
53 .00
40.28

150.59
52.72

52.09
141.99
49.25

40.84
39.70

128.13

41.35 
19 -31 
61.75

46 .95
59.85
53 .66

186 .67
82.79

Value of the 
Objective Function 

Coefficient
GUP/kg Upper Limit 

GUP/kg

+ Inf.
59.87

471.47

+ Inf .
182.70
60.94

46 .39
58.16 

+ Inf .
74.50

+ Inf .
64.55

210.46

Sensitivity Limits for the 
Objective Function Coeffi­
cients 
Lower Limit

GUP/kg

Table 42. Optimal plan: Sensitivity limits of objective 
function coefficients in the complete model.
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hybrids which would both increase yield of required nutrients

and be most effective in doing For instance, if the UPso.

increased to 46.4 GUP an additional 582

A similar an­
alysis could be made with respect to each nutrient* under dif-

objective function specifications. This could be donef er en t

the basis of scarce nutrients where related deficiencyon

This would be useful in areas wheresymptoms are found.

symptoms of nutritional deficiency are chronic.

6 .7 Summary

to present the results of

cenarios which have been employed with the models.

Information gathered from the 1980 B/CS and secondary sour-

allowed the development of the models.c e s

modelled at three different stages. The first included both
nutritional and focus loss constraints. The second included
nutritional components but not focus The third stageloss.
included all components and it

Following the development of the complete model the ef­

fects of ranging objective function coefficients for cotton

and rice were investigated. Decreases in protein score and

the crops .

Each location was

yield from maize was

various s

This chapter has been used

GUP would be added to the objective function.

was found that better results
were obtained at each stage relative to survey results.

gross revenue were associated with increased production of

This type of information would be useful in choosing
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given binding constraints in the thirdFlexibility was

done to investigate the in­part of the chapter.

production of UP which resulted and also to view thecreased

in other constraints.changes labor

The final section dealt with the stability of the opti­

mal production scenarios. land ,

labor, nutrient and objective function coefficients

found that little stability existeds id ered.

spect to

this instability would result in quantity changes ratherthat

than enterprise changes. The objective function coefficients

found to be stable.were very

will cons ist of

undertaken and the conclusions and recommendations generated

Finally, limitations of the study andfrom the research.

aspects needing further research will be discussed.

a summary of the research

with re­

vere con-

Chapter seven

This was

It was

and nutrients tended to be in short supply.

It was found that land,

land, labor and nutrient constraints but it was felt

Focus loss constraints,
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CHAPTER 7

SUMMARY AND CONCLUSIONS

7.1 Summary

A linear mathematical programming model was developed for

Two aggregate models,
one for all three villages and one for Dumila and Mkundi,

They are named Kilosa 1 and Kilosa 2were also developed.

respect ively.
based on cross-sectional data from forty-

Data from thirteen FHs

It was supplemented extensively byin building the models.
The FHs were nonmechan-

There-

f ore ,
brief historical background was presented

which informed the reader about

agricultural problems facing the small FH.c an
information dealing with pests, disease and colonial inter-

All of these factors hadvent ion.

■FSs in the district.

A description of the FSs and the FHs from information

benchmark and data

Information from

six small FHs during the 1980 BC/S.

information from secondary sources.

some of the peculiarly Afri-

in both Dumila and Magole and twenty in Mkundi were utilized

a factor of production.

source for the development of the models.

ized and used a negligible amount of other capital.

collected during the 1980 BC/S acted as a

Initially, a

capital was not included as

The focus was

district, Morogoro region of Tanzania.

This study was

an effect on the evolving

the FSs in Dumila, Mkundi and Magole villages in Kilosa
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The literature dealing with linear programming applica­
tions to African agriculture was reviewed

trition and focus loss components of the models.

the development of these components.

straints and vice versa. The components of the model were

then operationalized.

The models present the FSs in relationship to the nutri-

the production of

made to explain the pro-utilizable protein.
duction patterns of the nonmechanized FH through nutritional

an allocationdemand rather than on the basis of price a s

This was done in response to the large percentagem e c han i s m.
which stated their main objective in farmingover 90Z,of FH,

to be the provision of food.
included in the modelloss risk componentThe focus was

consider some of the production risks encountered by thet o
implicitly in its productionfelt that the FH,FH.

chose that pattern which most successfully guardedpattern,

against the chance of

The model was then run at the three different stages of

development; 1) Inclusion of the factors of production, land

nu-

straints developed relied heavily on the nutritional con-

tional requirements of the FHs focusing on

a disastrous loss of nutrient supplies.

It was

and labor, 2) Inclusion of the factors of production and

An attempt was

as was that for nu-

tural aspects affecting the FS were incorporated.

This led to

The focus loss con-

secondary sources dealing with environmental, tenure and cul-
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tritional constraints, and 3) Inclusion of the factors of
production, nutritional constraints and focus
straints .

of each stage offeredResults produc­

tion pattern while meeting the requirements of the model.
The reported production pattern

presented by the complete model.

finding . This

about production of other crops To

understand this better the objective function coefficients

increased.for both cotton and rice were

could be forced into production both protein
a result.

in the context of the opti-Resources which were scarce,

increased in supply to determine at what levelmal plan, were

in gen-Findings suggested that,minerals and amino acids.

relaxation of these constraints would initially yielder a 1,
large quantities of utilizable protein. the MVP ofHowever,

additional resources fell rapidly

Sensitivity analysis of constraints and those activities

optimal plans.

were quite stable but the range over which land, labor and

revenue decreased as

This was an important

a more "rational"

while the crops

score and gross

was quite similar to that

This was done for land,

as other constraints became

more scarce.

they became slack.

being produced provided information on the stability of the

It was found that the focus loss constraints

loss con-

was encouraging but also resulted in questions

It was found that

labor, vitamins,

which did not take place.
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The objective

be necessary for the production of

This is important given the opportunities for diversification
faced by the FHs in the villages.

the context of introduction of microbiological technology.

This will be discussed in the following section dealing with

conelus ions .

7.2 Conclusions

the major economic determinants of agricultural commodity
This was done through analysis ofsupply in the villages.

The

important factors have been found to be fourfold:mo s t
The nonmechanized FH produces to supply food. Only1.

enterprises undertaken to produce income.secondarily are

It suggestsThis is not to
choice must be made between income and a question-that if a

able supply of UP and calories
and reduced income the latter

This should be interpretedthe small FHs. that the

FHs make decisions on cropping patterns on the basis of n^i —

The surplus production will be sold

for income.

will be chosen by over 90Z of

to mean

survey results and additionally through the LP models.

or surplus in UP and calories

some nutrients were stable was not as large.

a new enterprise to occur.

function coefficients were also found to be quite stable sug-

say cash crops are not produced.

The first objective of this research has been to examine

It is also revealing in

gesting that considerable increases in the yield of UP would

tritional requirements.
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more land is brought

under cultivation. Other factors, such as labor constraints
and nutritional requirements restricting in the attemptare

land under cultivation.
Labor is3. serious constraint during peak labor peri-a

o d s. the rural wage rate when heldHowever, certain
level does not justify the hiring of labor in any of the

the wage rate isIf
lowered there is evidence that it may fall below the rate

necessary for nutritional replenishment. In this therecase

incentive for the laborert ion. to

supply the service since the rate may not be high enough to

purchase an equilibrium level of nutrients. Thus there is a

breakeven level with respect to the MVP of labor, the nutri-

accruing to the

It appears that only during the most constraining peri-FH.

is this breakeven level reachedods

basis of utilizable protein production.

Nutritional considerations have considerable effect4.

They also result in significantthe decisions of the FHs.on

changes in the production patterns in the FS.

that cultural practices, pricing and preferences also lead to

but the MVP of land decreases quickly as

to bring more

at a

tional equilibrium level and gross revenue

in the villages on the

lower wage rate is inefficient due to nutritional depriva-

months other than the most restricting.

2. Land is in short supply in two of the three villages

It is clear

is little incentive for the hiring of labor, which at the

Likewise, there is no
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adjustments in production patterns.

of nutrient constraints in the model resulted in changes

which much

ported. It
in models dealing with nonmechanized FHs in Tanzania istors

important. the only

However,

this sort is also insufficient.of
The second objective entailed measurement of food sup­

plies used in consumption, the requirements of the FHs for

different nutrients and the calculation of the difference

In each case there was no sign of shorta-between the two.
This must be tempered by repeatingcalor ies.

that infants and young children

tein/calorie malnutrition.

riboflavin and trypto-times tightly constrained by calcium,

phan.

in short supply to emphasize their production.

Objective three dealt with indirectly through devel-was

figures for the optimal plans.opment of gros s Theserevenue
then compared to gross revenue resulting from the sub-were

While this was done withstitution of cropping enterprises.

interesting conclusionsthe use of a crude can
be drawn from the exercise.

mechanisms for simulating the FSs is misleading.

The optimal programs were some-

more clearly resembled the actual patterns re­

measure some

are more susceptible to pro-

the simple inclusion of base levels for nutrients in models

Continued use of income measures as

As cotton and rice enter the

is clear that the inclusion of nutritional fac-

It is important in areas where these nutrients may be

ges in UP or

However, the inclusion
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Cotton's price is held
low and its production is not justified either on the basis

Consequently it is concluded

that only under conditions of much higher prices for cotton

should

Rice is only produced in Dumila under the optimalcrops.

In the other location its nutrient supply is notplans .

large enough relative to resource demand

Some FHs do produce rice.duct ion.

environmental endowment not clearly delineated in the survey

also be a preference of the FHs.results.

the factors of production are increased agriculturalAs

It has been pointed out previously

that the MVP of these factors decreases

constraints are relaxed. One would conclude that if large

gains in production are to be encouraged it must be done by

Theseother means.

greater commercialization within the agriculturallity, sec-
to draw offtor excess

modern storage capacity to avoid the

directed toward increasing yield, None of these optionsetc.

Another

might include increased capital availabi-

necessity of selling at low prices, technological packages

it be produced by the small FH as

These FHs may have an

rather rapidly as

supply quickly in grain surplus areas

of price or nutritional makeup.

or the development of a

a substitute for S-C

to justify its pro-

11 may

appear to be easily obtained by Kilosa's small FH.

ernment acting as sole purchaser.

output also increases.

In the case of cotton, this is directly related to the gov-

models the gross revenue accruing to the FHs decrease.
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sources of nutrients which would result in a larger surplus

for sale.

Collaborative Research Support Program. However, the focus

and quality within a given species of crop.

7.3 Policy Re commendat ions

Two clear cut policy recommendations may be made with

in these vil-respect to the nonmechanized farm household

First, the price paid by the government marketinglages.

board to the nonmechanized FH for cotton must be substantial­

ly increased to provide

If it is not
time decreasing their ability towhile at the same

be self-sufficient in production of basic nutrients. The

disparity between prices paid by government marketing boards

for subsistence-cash crops and free market prices almostwas

The resulting difference in gross revenue thetwo

would expect are even greater due to the fact that noFHs

Both in the short and long run,

it would be preferable for these crops to bet ive, commer-
setting . At the macroeconomiccialized in an open market

might be decreased in the short run but these

to one.

a noncoercive production incentive.

alternative would be to place emphasis on higher quality

from a microeconomic perspec—

the crop

This is one of the purposes of the Bean Cowpea

open market exists for cotton or sunflower in these locations.

level, revenue

appears to be placed on quantity rather than both quantity

the FHs tend to lose gross revenue in producing
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Secondly,

benchmark by these FHs and government when considering whe­

ther to introduce enterprise changes into the FSs. A number

If the FH has preferences

which dictate the production of rice

such as maize and beans, a farm program may be devel­cro p s

oped which will insure adequate nutrition. Since nutrition

is reportedly the major goal of these FHs, regardless of con-

consider this goal in thesumption patterns, leaders should
Surplus production may be sold indecision making process.

the market to meet income requirements.

quate income for purchase of nutrients in the market.

A straightforward method exists for the determination

of the gains from the introduction of new microbiological

Assume that the nutrient target­technology into the system.

the sensitivity of theed is protein. One need only look at
to determine whichobjective function coefficients

sensitive to change. If an

acceptable strain of the crop which has protein yielda

greater than the upper range, progress

This is tantamount to what is being done inmade. many

will have been

could be offset by productivity increases which would occur

are most

nutritional requirements may be used as a

a free market should insure ade-choose to produce cotton,

sure nutritional sufficiency.

or cotton over other

Again, for those who

of different combinations of enterprises may be used to in-

as the price of cotton increased to competitive levels.

the technology exists to breed
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sometimes without

success.

the basis of both national welfare criteria

the perspective of the FH.and from Only when nutritional

requirements are met or surpassed by the revenue generated

ill satisfactory opportunity for

introduction exist. of cotton production thisIn the case

criteria has apparently not been met without some coerc ion

1982).(Handay, than half the FHs produceLess

locat ions.

tion could be substantially increased if greater price incen­

tive existed.

demand for labor in slack labor periods as well as in-more

t roduc ing and export.use

The recommendations presented here are only viable given

the correctness of the model. However, the model was in no

massaged" which lends credence to the applicability ofIIway

this type of analysis. The results are encouraging.

7.4 Limitat ions of the Study

Several limitations of the research exist which must be

noted and considered when reflecting upon results. These are
listed:

by new enterprises w

a processed good for domestic

The government has an opportunity to view the introduc­

tion of crops on

considered in project analysis.

This, accompanied by the development of a

processing industry, would have multiple effects of creating

regions on the basis of price incentive,

cotton in the

It is the opinion of the author that this produc-

It is suggested that this type of component be
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2) The cross-sectional data available supplied only

average annual farmgate prices. The data dealt with consump-

yearly basis resulting in gross annual figures.a

Consumption data, by period would be much more re-or season,

the nature of nutritional demand.vea ling due to

3) The survey format

which results in questionable responses by the FH due

ory lapse .
for nutritional requirements4) No fixed standard exists

of individuals.

standard,

adaptable to the model without stand-Thist ivity.

Bias may existard izat ion.

tion process.
6) The choice of maximand is experimental and based upon

the assumption that UP protein is the object of the FHs crop­

ping decisions.
7) The effects of intercropping have been excluded from

the mode 1.
Whe-

is affected by aggregation bias

representative for each village.

with respect to this standardiza-

ther this representativeness

"one visit"

1) One period linear programming models using cross-

5) Labor data were provided on the basis of cultural ac-

to mem-

tion on

are static by nature.

was not

sectional data fail to deal effectively with carryovers of

8) The models are

was carried out in a

the C .U. as a

resources into future periods and they

Bias therefore exists in the development of

however, the bias is minimized.
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go le .

9) Finally, since the sub-sample size

tical significance of the results may be questioned.

7.5 Recommendat ions for Future Research

The firstareas.

should be the collection of primary data with more specific

price and consumption information. is clear that nutri-It

tional requirements fluctuate throughout the year depending

periods of the year as well as age and sex composition of the

An attempt to delineate the level of demand for majorFH.
This would allow a more conclusivenutrients should be made.

criteria for maximization of one nutrient rather than another.

Normally, one would expect either UP or calories to be the

nutrient of most importance.

ferent times during the year and incorporating this into the

mo del.

This could be done using goal programming whichs it ies.

would deal with nutrition requirements first and subsequently

1i

mineral is more important.vitamin or

should be placed on measuring nutritional adequacy at dif-

Situations may arise where a

Future research should focus on two

The emphasis, however,

Secondly, the model needs to be expanded to include the

was small, statis-

on level of activity, illness associated with particular

is not clear due to the spurious results associated with Ma-

secondary goal of adequate income.

sary for clothing, food, tools, taxes and many other neces-

Clearly, income is neces-
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income measure incorporating prices an alloca-as
tive mechanism.

Additional activities, such as purchasing selling ofand
crops and labor should be experimented with in the nutri­
tional context. The inclusion of capital made available to
the FH would also be interesting. These additions will main­

tain their appeal only if the primary goal of food supply is

adhered to closely.

Finally, these prescriptions should emphasize the com­

mercialization of agriculture which leads to greater food

security for the nonmechanized FH. The security resulting

broader spectrum of FS

choices for the FHs in Dumila, Mkundi and Magole as well as

the Kilosa district.

maximize an

from commercialization will allow a
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APPENDIX A

AbbreviationRow/Column No. Complete Heading

Constraints

Total land cultivatedLAND1

Labor available in JanuaryLABI2
Labor available in FebruaryLAB 23
Labor available in MarchLAB34

m AprilLabor availableLAB45
Labor available in MayLAB56
Labor available in JuneLAB67
Labor available in JulyLAB78
Labor available in AugustLAB89
Labor available in SeptemberLAB910
Labor available in OctoberLAB 1011
Labor available in NovemberLAB1112
Labor available in DecemberLAB1213

Total crude proteinPROT14
Total utilizable proteinPROU15
Total surplus proteinPROS16

Utilizable protein transferRA17
Total crude protein quantityRAI18

EXPLANATION OF ABBREVIATIONS IN THE LINEAR 
PROGRAMMING MATRIX
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APPENDIX A (continued)

Row/Column No . Abbrevia t ion Complete Heading

Utilizable protein quantityRA2

Protein quality weighting20 RA3

CALI21

Calcium per farm householdCALC22
Iron per farm household23 IRON

Thiamine per farm householdTHIAM24
Riboflavin per farm householdRIBO25
Niacin per farm household26 NIAC

LYSINE27

28 TOTSUL

29 METHIO

30 THREON

TRYPTO31

FLMA32

FLSO33 on sorghum pro­Focus of loss 
due t ion

Proportion of amino acid 
tryptophan per farm household

Proportion of amino acid 
threonine per farm household

Proportion of amino acid Ly­
sine per farm household

Constraints 
(cont 1d) 

19

Proportion of amino acid 
methionine per farm household

Proportion of total sulfur 
containing amino acid per 
farm household

Focus of loss on maize pro­
duction

Calories per farm household
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APPENDIX A (continued)

Abbrevia t ionRow/Column No . Complete Heading

on rice produc-lo s sFLR1

on bean produc-lo s s35 FLBEA

loss36 FLCOT cotton pro-on

sunflowerFLSU37 on

38 MINI

Act ivit ies

Production of maizeGRMAZAl
Production of sorghumGRSOA2
Production of riceGRRIA3
Production of beanA4 GRBEA
Production of cottonA5 GRCOT
Production of sunflowerA6 GRSU

Production of crude proteinTPROA7

A8 UPRO pro­

Production of surplus proteinA9 SPRO

Focus of 
due t ion

Focus of loss 
production

Constraints 
(cont ' d) 

34

Minimum production of utili— 
zab1e protein

Focus of 
t ion

Focus of 
t ion

Production of utilizable 
t e in
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APPENDIX A (continued)

Row/Column No. Complete HeadingAbbreviat ion

A10 UPRIM

All YA

A12 YB

A13 YC

A14 YD

A15 YE

A16 YF pro­

Consumption of MaizeEATMAZA17
Consumption of SorghumEATSOA18
Consumption of RiceEATRIA19
Consumption of BeanEATBEAA20

Consumption of CottonEATCOTA21
Consumption of SunflowerEATSUA22

LOSSA23

Constraints
(cont 1d)

Transfer of utilizable pro­
tein to quality component of 
model

Permitted loss of utilizable 
protein without falling be­
low minimum requirement

Production of utilizable 
tein at point 6

Production of utilizable pro­
tein at point 2

Production of utilizable pro­
tein at po int 3

Production of utilizable pro­
tein at point 4

Production of utilizable pro­
tein at po int 5

Production of utilizable pro­
tein at point 1
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APPENDIX B

consumer unit

medium level ofbasedwas

activity for individuals of different in age.ands ex ranges

nutritional requirement index was developed.

The index is presented below:

Nutritional Index

Requ irement:

CalciumCalories IronUP

0.34 1 .25 1 .36 1 .351 .34 1.29 1 .00Adult Male
1 .00 1 .00 1 .001 .001 .001.00 1 .00Adult Female

1.45.43 1 .25 1 .351 .321.35 1.25

1.12.73 1.18 1.141.14 1 .321 .21

Children:
0.37 0 .450.36 0.431.220.44 0.581<

0.36 0.62 0.721 .00 0 .731-3 0.72 0.67
0.36 0.87 1.001.00 0.984-6 0.97 0.83
0.36 1 .121 .007-9 1.16 1.04 1 .18 1.17

Source: was

Ado 1e s c en t 
F emale

Adolescent 
Male

The index 
Latham,

EXPLANATION OF THE DERIVATION 
OF THE CONSUMER UNIT

Thia­
mine

Ribo­
flavin

Nia- 
c in

developed from requirements found in;
M. C . Human Nutrition in Tropical Agriculture, 

Food and Agricultural Organization Food and Nutrition 
Series, No. 11, Rev. 1, 1979, Appendix 1.

against which a

on the nutrient requirement at a

The derivation of the value assigned to a

The requirements for an adult female were used as a base
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APPENDIX B (continued)

and ass igned. These fac-s ex

tors are then summed for the FH. The cumulative score of all

FH is the number of CUs in that FH and par­
ticipating in the FS activities. The average number of CUs for

weighted average for Kilosawas

listed:district was developed.

for
Nutrient

Mkund i Kilosa 1&2MagoleDumilaLocat ion:
CUsNutrient: CUsCUs CUs

5.164.81 5.265.81Calories
4.964.66 5.125 .64UP
4.754.30 4.815 .39Ca1c ium

2.40 2.532.86 2.44Iron
4.934.585.54Thiamine 5.02
5 .304.90Riboflavin 5.95 5.31
5.184.81Niacin 5 .83 5.20

1980 BC/S.Source:

each village

Each of the individuals in the FH has the appropriate

Table of Representative Consumer Units (CU) 
Each Location by Required

individuals in a

index coefficient for their age

determined and a

These are
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APPENDIX C

Location:

Free Market

Maize 1.89 1.83 1.881 .92

3.91 4.07Sorghum 3.03 3.67

Rice 2.00

5 .63 5.715.5 6 .0Bean

Government
1 .00 1.001 .001.00Maize
1 .03 1 .041 .08 1 .00Sorghum
1.73 1.741 .751.75Rice
3 .213 .50 3.333 .30Bean
3.20 3.133.252.95Cotton
1 .67 1 .741.71Sunflower 1 .83

1 1 T.Sh.
2

1980 BC/S.Source:

Dumila 
T.Sh./kg.

Mkund i 
T.Sh./kg .

Magole 
T.Sh./kg .

Kilosa 1&2 
T.Sh./kg .

LIST OF PRICES USED1

1.742 1 .7421 .742

was §0.125 United States.

No free market price was reported for rice in Mkundi and 
Magole, therefore, government price was assumed.
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APPENDIX D

BINDING CONSTRAINTS FOR TABLE 32 THROUGH TABLE 36

Abbreviation Complete HeadingConstraint No.

Cultivatable land3 LAND

Labor in FebruaryLAB25
Labor in AprilLAB47
Labor in MayLAB 58
Labor in JuneLAB69
Calc ium30 CALC

RiboflavinRIBO33
TryptophanTRYPTO39

loss maize40 FLMA Focus

loss sorghum41 FLSO Focus

loss beanFLBEA43 Focus

loss sunflowerFLSU45 Focus

MINI46 Minimum requirement for 
utilizable protein
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