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ABSTRACT 

This thesis investigates determinants of choices of supplemental livestock feed technology by 

smallholder Zimbabwe dairy farmers producing rnik for sale. Survey data on observed choices of 

supplemental feeds hcluded the htroduced agroforestry technology of multi-purpose tree (MPT) 

fodder. A Random Utility Model to assess the detenninants of these choices was postulated and 

tested. The main trade-off in farrners' choice of high protein feeds appeared between the use of 

purchased concentntes and MPT fodder; these feeds are mostly used in combination. The scale 

and productivity of the datry enterprise, area planted to MPT fodder and experience with growing 

MPT fodder al1 significantly increase the probability of farmers' use of both MPT fodder and 

purchased concentrates. Model simulations show an increased probability of farmers' use of 

purchased concentntes with an increase in the number of cows producing milk for sale. Farmers' 

use of MPT fodder and purchased concenûates falls with increased crop revenue. Overall. profit 

motivation considerably influences use of purchased concentrates or on-farm produced MPT 

fodder and their substitution by smallholder Zimbabwe dairy farmers. 
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Chapter 1- - Introduction 

This thesis focuses on the adoption and use of dairy cattle feed technology by smallholder 

fmers ,  with particular reference to the incorporation of agroforestry pnctices. The motivation 

for the study is the poor adoption rates of agroforestry practices, observed by agroforesters and 

researchers, which contradicts the w idely held view that agroforestry technology offers a viable 

alternative solution to many land use problems. The problem to be evaluated is the assessment of 

the determinants of the adoption and use of an introduced agroforestry practice by srnallholder 

dairy farmers. 

A major problem in Zimbabwe's smallholder agricultural system is the inadequate availability 

and poor quality of livestock feed, especially dunng the seven to nine month dry season, and the 

high cost of purchased commercial feeds. An agroforestry technology, in the forni of on-fami 

multi- purpose trees (MPT) which act in effect as fodder banks, has been introduced to 

smallhoIder dairy farmers in Chikwaka CommunaI Area as an alternative cash-saving source of 

high quality cattle feed. This thesis tries to nchieve some understanding of the economic and 

socio-economic factors that may underlie adoption of this agroforestry technology that can be 

viewed as an alternative to the use of purchased commercial feeds. This study poses specific 

research questions and outlines hypotheses that focus on trying to understand the determinants of 

the adoption of this particular technology by farmers in the chosen study area. 

Chapter 1 outlines the background to the research problem, the pmblem statement and the 

justification for the thesis research. This is followed by an outline of the specific objectives and 

the assumptions of the study. An overview of the research process and the organization of the 

thesis is also included. 

1.1 Background 

The smallholder farmer in Zimbabwe is characterized as operating within communal areas where 

there is no private ownenhip of land (Muir, 1994). The communal areas are mostly iocated in 

agro-ecologically marginal lands in areas of unreliable rainfall, ofien prone to dry spells. Almost 

70 percent of Zimbabwe's population lives in communal areas and population density in these is 

estimated at about 29 penons pet square lan (CSO, 1986). The communal area population 



consists of smallholder fanning households with average land holding per farming household of 

Iess than ten hectares. The rest of the land, in the form of range and woodland areas, is used 

communally for livestock grazing and collection of natural inputs and products. Most 

srnallholders produce for subsistence, with some marketing of surplus production. There is more 

commercialization in the better agro-ecological regions, although total specialization in 

communal areas is unusual even where profitable cash crops are available (Muir, 1994). The 

smallholder sector has been disadvantaged historically in terms of land allocation, natural 

resource base and available technologies. 

Smallholder farming systems are characterized by a variety of econornic and biological 

interactions among crops, Iivestock, trees and people. Livestock play an i n t ep l  role in cropping 

systems by providing animal draught power to augment manual labor in crop field preparation 

and production of manure for crop fields which helps increase soil fertility and thus sustain crop 

yields. Livestock act as a relatively liquid and high r e m  and productive asset that contributes to 

risk spreading among f m i n g  activities and as a way of accumulating wealth (Guveya and 

Chikandi, 1996). Where livestock produces milk the smallholder household may also benefit 

ftom consumption and income genention. In addition. important social functions. such as bide 

price (lobola) and dead spirit appeasement (ngozi) payment, are Fulfilled by livestock (Ndluii, 

1999; Guveya and Chikandi, 1996). Woodlands and range areas provide important inputs and 

products such as fuel wood, medicine, construction timber, food, fodder and browse. There is 

also complementary use of other farmland outputs such as crop residues, weeds. gaze and 

browse plants that provide feed for livestock, especially in the dry season tvhen range land is less 

productive, 

Agicultural productivity in Zimbabwe's communal area is constrained by a nurnber of factors. 

These include inadequate water supply, declining soi1 fertility and soil erosion, limited capacity 

to purchase extemal inputs (Ehui and Swallow. 1994), and poor quality and insufficient livestock 

feed, especially during the seven to nine months of the annual dry season (Francis, 1993). 

Increased population pressure has precipitated land use problems such as increastng scarcity of 

natural resource products and encroachment ont0 marginal lands and communal areas by private 

individuals for sealement and to expand agricuiture (Moyo, et al., 1991). This suggests that, 

along with closer livestock-crop-tree-human interactions, exogenous inputs (such as new crop 

varieties, fertilizers, alternative fuel sources and improvements in animal nutrition) are needed to 
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maintain andfor raise overall agricultural productivity (Ehui and Swallow, 1994). The green 

revolution technology of irrigation-based cropping with intensive inputs applied to hybrid seed 

thai transfonned much of Asia's production raised hope that hunger could be elirninated, and the 

carrying capacity of the land increased, tkough enhanced factors and the interaction of these on 

crop productivity. However, successful technology along these lines for the Afncan agricultural 

setting is not yet available. Agroforestry, with the objective of optimizing ecological and 

economic benefits fiom tree-crop-animal-people interactions, potentially offers appropriate 

technologies for sorne land-use problems. This is the root of the growing interest in agroforestry 

as a viable solution to many challenges facing agncultural systems (Burch and Parker, 199 1 ). 

Agroforestry in its broadest sense is not a new concept but one that is practiced in most 

smallholder farming systems in Africa in one way or another (David, 1975; Cook and Grut, 

1989; Campbell, Clarke and Gumbo, 1991). The primary objective for integrating trees into 

farming systems is for their productive and protective aspects in supporting agriculture, and 

hence for bod production, rather than just for tree production (Steppler and Nair, 1987). 

Arguably, early applications of agroforestry involved few costs because of minimal resource 

constraints regarding land. It was not until the late 1970s that agroforestry was formally 

recognized and institutionalized as a sustainable land use system for marginal agricultural 

production systems. This transformed agroforestry from a passive traditional practice to an 

active and systernatic land use system in farm management (Nair, 1991). More recently, efforts 

have been made to irnprove agroforestry systems and re-introduce the practice as an introduced 

technology developed through scientific research. Over the last two decades, scientific research 

has developed a wide range of agroforestry technologies to address problems of soil fertility, soil 

conservation, fuel wood and quality fodder production (Steppler and Nair, 1987). Modem 

agroforestry aims to develop technologies, with varying demands for land, labor, capital and 

other resources, that will fit into the cment environment that has been altered by demographic, 

ecologicat, social and economic pressures. 

Abundant reference has been made to the potential of agroforestry pnctices in alleviating the 

ecological and socio-economic problems of the m l  poor. However, studies in India and in sub- 

Saharan Africa have rated the progress made in agroforestry adoption as low (Feder, Just and 

Zilberrnan, 1985; Alavalapati, 1995; Nair, 199 1). The limits to widened adoption of agroforesûy 

may be summarized as technical, perceptional, social and economic factors. Nahual science 

research aims to reduce the technical limits to adoption of' agroforestry technologies. However, 
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there are stili challenges that relate ?O the perceptional, social and economic factors of 

agmforestry affecting its adoption. This shidy investigates the impact of some of these. 

1.2 The research problem and justification 

The research problem of this thesis is to explore the reasons for the differential patterns of 

agroforestry adoption observed at farm Ievels in a specified region of Zimbabwe. Particular 

reference is made to the role of an introduced agroforestry tectuiology in the livestock feed 

technology choices made by smallholder dairy farmen in Zimbabwe. Feed technology choices 

must be made by these famers to alleviate the challenges they face in provision of adequate 

animal feed throughout the year. 

The major, and thus most important source of livestock nutrition, for smallholder farmen in 

Zimbabwe is the fodder and browse From associated communal grazing and woodlands 

resources. Communal gaze and browse availability has been reduced by the clearing of land for 

agriculture and the need for timber for construction and fuel (Clatswonhy. 1987). In addition to 

insufficient gnzing land, a major constraint to animal productivity is the unavailability of keds 

of high quality (feeds with sufficiently high crude protein content per unit of dry matter content) 

for livestock during the seven to nine months of dry season that is experienced annually. 

There are drastic changes in fodder and browse availability, both quantitatively and qualitatively, 

between the wet and dry season in Zimbabwe. The major dry season livestock feed is crop 

residues, but these are genenlly inadequate in quantity and while they provide carbohydnte, 

these are low in protein. Fodder production potentially alleviates feed availability problems and 

reduces cash expenditure on supplementary feeds. In general, however, fodder production in 

communal areas has been constrained by the availability of arable land and labor due to the 

competing need for food and cash crop production during the cropping season (Clatsworthy et 

al., 1985). 

The alternative source of quaIity feeds is purchased commercial supplements. These are 

unaffordable by the majori ty of smaIlholder famers who face Iiquidity and credit constraints. 

Consequentiy, purchased commercial nipplements are generally not used for maintaining beef 

and draught animals, but are used for dairy cattle feed supplementation where milk is marketed 

(Dzowela and Mafongoya, 1997). Since 1984, the Dairy Development Rograrn (DDP) of the 

4 



Agricultural and Rural Development Authority (ARDA) has comrnitted substantial resources to 

the developrnent of a number of market oriented mail-scale dairy schemes in Zimbabwe 

(ARDA, 1994). Dairy h i n g  viability is, however, heavily affected by feed costs, labor costs, 

yield levels and problems of milk quality. Purchased and home produced feeds have been shown 

to account for approxirnately 70 percent of the total variable costs (TVC) of commercial dairy 

farming in Zimbabwe whiie iabor accounts for 11 percent of the TVC (Dube, 1995). Reliance on 

pwchased feeds has been observed to contribute to financial losses by smallholder dairy 

enterprises, as feed costs are high relative to returns (Mupeta, 1995). 

Livestock feed availability and the accessibility of its use is thus central to the viability of small 

scale dairy schemes in Zimbabwe. With this in mind, the International Center for Research in 

Agroforestry (ICRAF) in Zimbabwe, has concenb.ated efforts on introduction of on-farm multi- 

purpose tree (MPT) fodder bank technology developed on research stations. The MPT fodder 

trees have been introduced to dairy farmen in Chikwaka communal area as a cash-saving 

alternative source of high quality feed for livestock feed supplementation since 1994 (Dzowela 

and Mafongoya, 1997). However, differential patterns of agroforesiry adoption are observed at 

the farm level. In this study, potential explanators of the differential adoption and patterns of use 

of MPT fodder as an agroforestry technology will be investigated by examining the feed 

technology choices made by dairy farmen in Chikwaka communal area. The study was applied 

in the 1998/99 agricultural year. It is hypothesized that the decision to integrate MPT fodder in 

the dairy feed technology bundle may be determined by several factors. These are components of 

the dairy management system such as available resources, alternative feeds and their resource 

demands; seasonal factors; economic incentives; and individual characteristics of the farming 

households. n i e  following sections of this thesis outline and apply the framework chosen for 

investigating the er post adoption and use of MPT fodder as an introduced agroforestry 

technology, in the context of multiple dairy feed technology alternatives. 

1.3 Assumptions of the research study 

The main assumptions underIying this analysis are that: 

1. The innovation to be assessed, defined as 'a new idea, product or process', is o n - f m  

agroforestry multi-pinpose trees (MPT) used as a fodder bank This technology was 

introduced to the study ara by ICRAF in 1994 and al1 farmers in the nwey  sample have 
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been exposed to information about it. 

2. An innovation-decision process, as defined by Rogers and Shoemaker (1 97 1), is the "mental 

process through which an individual passes fiom fint knowledge of an innovation to a 

decision (action) to adopt or reject, and to later confirmation of this decision". Adoption is 

considered a yes or no event, rather than exhibiting degrees of adoption, and defined as the 

"decision to make full use of an innovation" (Knudson, 1988). According to this 

characterization of the innovation-decision process by Rogers and Shoemaker (1971). 

individual famen at this point in time cm be virwed to be at the confirmation phase 

regarding adoption of on-farm MPT fodder bank technology; 

3. The nature of technology adoption in this study is taken to mean the decision to use a feed 

technology bundle integrating MPT fodder. The observed pattern of MPT fodder use by 

famers in the 1998/99 agricuiturai year is used here as a proxy measure of the cross- 

scctional adoption, at this point in tirne, following introduction of the technology by ICRAF 

in 1994. This study varies therefore from the approach of that applies aggregate adoption 

models to ûack adoption patterns by farmers over tirne, such as the seminal study by 

Griliches (1957). 

4. Use of MPT fodder trees is not considered in isolation but is viewed as a component of the 

total feed strategy followed by individual farmers. This may involve farmers' use of any 

combination of six identified main feed sources, namely communal gnzing, crop residues, 

purchased concentrates, Pasture grasses and Iegumes, MPT fodder and maize. The panicular 

feed technology bundle that is chosen can be a composite of any or al1 the six identified feed 

sources. This will include MPT fodder for the households that adopt this agroforestry 

practice. 

1.4 Research objectives 

The pnmary objective is to explore the reasons for the differential patterns of er post adoption 

and use of an introduced agroforesûy technology observed at the farm level. A mode1 of choice 

among the feed technology alternatives is formulated and tested using econometric techniques on 

data collected through farrner i n t e ~ e w s .  

The specific objectives of this study are to: 

1. Define the livestock feed technology alternatives available to farmers according to the 
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observed combinations of the six identified main feed sources (communal grazing, crop 

residues, purchased concentrates, pasture grasses and legumes, MPT fodder, maize). Then 

group the sample of famen by observed feed technology choice and describe group 

differences according to economic and socio-economic variables; 

Frame testable hypotheses to test the relative importance of identified explanators of feed 

technology choice, for both wet and dry semons. The hypothesized explantors include 

factors related to the dairy management system such as available resources, alternative feeds 

and their resource demands; seasonal factors; economic incentives: and individual 

characteristics of the farming households. 

Mode1 the multiple feed technology adoption decision to investigate the interdependent 

adoption decisions and significant explanatory variables. Evaluate probabilities of choice for 

each feed technology alternative and then simulate choice pmbabilities for changes in key 

significant explanatory variables; 

Assess the implications of the findings of the analysis outlined above for the potential 

adoption and use of agroforestry technology designed market oriented smallholder dairy feed 

systems in Zimbabwe 

The results of the analysis may also shed light on implications for agrof'orestry pnctice, policy, 

research and extension that is related to on-farm multi-purpose tree fodder technology targeted 

for smallholder dairy fmers .  

1.5 The research process 

The study was accomplished in four stages. The first stage involved extensive literature review 

and consultation with academic advisors. The main outputs included formulation of the research 

questions and the definition of the conceptual and empincal models to address these questions by 

identiSing the background issues surrounding the problem thtough the review of current 

research in the area. Since data were to be sought directly from individuals, the research 

proposa1 was submitted to the Faculty EthÏcs Review Cornmittee for assessrnent and approval. 

The second stage of the research process involved informal field surveys in Chikwaka communal 

area and consultations with key informants, particularly ICRAF personnel and famiers, on the 

key elements of the problem in order to facilitate questionnaire development. The third research 

stage involved pre-testing and formal admiaistraaon of the survey questionnaire to members of 
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the Chikwaka smallholder dairy scheme. Subsequently data entry and analysis was pursued to 

obtain quantitative results for the postulated models to meet the objectives of the study. The fifth 

and fmal stage of the thesis research involved report writing and presentation of findings. 

Following this introductory chapter, in Chapter Two a brief review of literature related to the 

research questions is given. The review covers theoretical concepts and previous analyses that 

focus on technology adoption. This review also focuses on evaluation of empirical 

methodologies in studies of adoption, including the adoption of agroforestry technology. Chapter 

3 presents an o v e ~ e w  of the study area and outlines the survey research methods, the sample 

selection and the questionnaire. The current state of dairy cattle feed practices focusing on the 

main feed sources that are used and definition of the feed technology alternatives is outlined. 

This is followed by a description of the sample, in terms of economic and socio-economic 

features of households and feed technology choices. Chapter 4 discusses the conceptual and 

empincal hmework that shapes the analysis. Sections are included on elements of decision 

theory and the economic theory of household choice in the context of the household production- 

consumption model. Brief overviews of discrete choice theory, random utility theory and 

rnultinomial choice models are also given. In Chsipter Five, a formal presentation of variables 

and models postulated is given, as is discussion of u priori expectations and presentation and 

discussion of the estimation and simulation results. The final chapter provides a summary of the 

thesis study and results, draws conclusions, highlights policy implications and notes limitations 

of the study and areas for further study. 



Chapter 2 - - Literature Review 

This chapter nviews literature relevant to the study by examining previous and current work on 

theoretical concepts, empirical methodologes and results of analyses of technology adoption and 

difision, including a brief section specifically on the adoption of agroforestry technology. 

2. I Historifal overview of technology adoption and diffusioiorr 

Given that society cannot benefit lrom investment in technology research unless the outputs are 

relevant to and adopted by farmers, one major focus of the subject areas of niral sociology and 

agricultural econornics literature is the way in which h e r s  adopt technology. 

Feder, Just and Zilbennan (1985) suggest that there is an important distinction between 

individual and aggregate adoption. The individual adoption process consists of knowledge. 

persuasion, decision (or action) and confirmation (Blackburn, 1984). Aggregate adoption is 

concemed with an entire group of potential adopters, nther than with individual decisions. 

Aggregate adoption is a macro level concept and deals with rates, trends and patterns of use of a 

specific innovation by the target group or within a certain geographic area. 

Rural sociologists (Beal and Bohlen, 1957) pertormed much seminal work on technology 

adoption that has been the basis for further analysis of economic issues (Peterson and Hayami, 

1977). Sociologists have concentrated on the diffusion patterns of innovations as these progress 

through time and space, as well as on the characteristics of individual adopten and the nature of 

interpersonal relationships involved in adoption. Sociologists have placed emphasis on 

understanding how the different socio-cultural characteristics of adopters are exhibited in a 

spectnim ranging from innovators to laggards and the resulting tendency for an S-shaped 

diffusion curve. This type of approach attempts to provide a better understanding as to which 

farmen might adopt a new technology and which ones might be late adopters. These studies 

ofkn aim to provide information on how such characteristics detennine the most effective means 

of communication for accelerating the difhion process (Peterson and Hayami, 1977). 

Economists, on the other hand, have focussed on how economic variables, such as the 

profitability of innovation and the asset position of the h, ifluence the rate of technology 

dimision (Gnliches, 1957; Mansfield, 1963). An agricultura1 economist pioneer in this field, 



Griliches (1957), summarizes the diffusion path of hybrid corn by fitting a logistic trend fiuiction 

to data on the percentage of corn area planted with hybrid corn in the various States of the USA. 

The logistic h c t i o n  is descnied by three parameters. These are: an origin indicating the date at 

which 10 percent of its ceiling corn acreage was planted to hybrid seed; the slope, measuring the 

rate of acceptance; and the ceiling, measuring the level of acceptance at which use of hybrid seed 

tended to stabilize. Griliches (1957) attempts to measure changes in the demand for hybnd seed 

by o b s e ~ n g  the differences in the ongin, dope and ceiling of the logistic function and seeking 

explanators of these differences. Results indicate that differences among regions in the rate 

(slope) and level (ceiling) of acceptance are both functions of profitability of a shift from open- 

pollinated to hybrid corn. Griliches (1957) also finds that the motivation for developing 

technology by private companies is provided by the potential profits from production and sale of 

hybnd seed. Other studies of adoption, for example by Martinez (1972) on adoption of hybrid 

corn in Argentina, and Maier (1969) on adoption of the mechanical cotton picker in the USA, 

also reveal that technology acceptance was closely related to profitability. The economic 

approach to the study of the diffusion of' new techniques was E'urther developed and applied to 

analyze industrial innovations by Mansfield ( 196 1, 1963). 

Traditionally, most of the diffusion models developed and tested by economists were designed to 

describe or analyze diffusion among f m s  within a particular area over time in response to 

profitability of technological change. These studies take the aiûibutes of technology and of 

potential adopten as given (Peterson and Hayami, 1977). Some analyses by economists have 

been criticized by sociologists who cite familiarity or congruence with a technique or input 

(Bnnder and Strauss, 1959) and communication and interaction between people (Havens and 

Rogers, 196 1), as the important factors. Griliches ( 1960) points out that the "profitability" 

approach c m  be broadened by allowing for differences in information, nsk preference, and so 

on, bringing it as close to the "sociological" approach as one would want. Indeed, later analyses 

by Nelson and Phelps ( 1966). Welch (1970), Kislev and Schchor-Bachrach (1 973), Hufhan 

(1 974) and others attempt to broaden the assessment of the influence of profitability to include 

education and human capital measures of potenhal adopten. More recent snidies on technology 

adoption, at the farm level, integrate economic variables (for example, profitability, costs, scale, 

productivity and resource endowments) and the characteristics of potential adopters (such as age, 

education, e'cperience, industry involvement and off- farm labor supply), see Zepeda, 1 990; 

Zepeda, 1994; Dorfman, 1996; El-Osta and Morehart, 1999. 



Many iheories and models have been postulated and tested on hypotheses about adoption of 

technology. Many studies of adoption have concenûated on either predicting the qualitative 

effects of variables on technology adoption or on identikng factors correlated with adoption 

decisions. The following discussion considers some theoretical models, concepts and empirical 

approaches to explain technology adoption that may be relevant to this study. 

2.2 Theoretical concepts in technology adoption 

2.2.1 Socio-economic and socio-cultural factors in techiiology adoption 

Rogen and Shoemaker (1971) define an innovation as "an idea, pnctice or object perceived as 

new by an individual", and diffusion as Ythe process, by which new ideas are communicated to 

the members of a given social system". These authors also conceptualized "innovation-decision" 

as the "mental pmcess through which an individual passes fiom fint howledge of an innovation 

to a decision to adopt or reject, and to later confirmation of this decision." The pmcess of 

adoption and diffusion was broken d o m  in terms of adopter categories: innovators, early 

adopters, early majority, late majority and lagpards by Rogers (1983). Much extension work for 

the transfer of new technology in the developing world has been based on the above sociological 

concepts and the concept of "opinion leaders", individuals that informally influence other 

individuals' attitudes or behavior in a desired way. 

Sociologists (Rogen and Stanfield. 1968; Rogers and Shoemaker 1971) have found that the 

adoption of new technology is positively influenced by the curent level olproductivity, and that 

innovation is associated with fann size as well as farmer experience, education, and industry 

involvement. These are economic variables and rneasures of human capital frorn an economist's 

viewpoint since productivity reflects the farmer's management ability, and education and 

experience contribute to human capital formation. Feder, Just and Zilberman (1985) si x y e d  

economic studies of technology adoption and found that f m  size, nsk and uncertainty, human 

capital, labor availability, credit, land tenure, and complementary input availability were major 

Factors in the adoption of agricultural technologies in developing countries. Sociological studies 

indicate other variables, that reflect knowledge, perception or pmonality, rnay be relevant such 

as f m e r  perceptions of the bmefits of the new technology, limited knowledge of modem inputs 

and their effects, risk attitudes and leaming (Hiebert, 1974). in addition, Favorable attitude to 

change, high aspirations (possibly for improved welfare or profit), empathy, and ability to deal 

t t  



with abstractions and dogmatism are held to influence the adoption and d i h i o n  of modem 

technology (Rogers and Shoemaker, 1971; Lipton and Longhunt, 1986; Reardon and Vosti, 

1992). Major charactenstics of individuals that influence adoption can therefore be categorized 

as socio-economic status, personality variables and communication factors (Rogers and 

Shoemaker, 197 1). 

Perceptions may be concerned with the extent to which h e r s  actually discern a problem that 

may be addressed through technology adoption. Objectives, as they are innuenced by 

prefmmces and perceptions, shape what, if any, technologies are considered for adoption. 

Whether to adopt a particular technology m u t  be considered in the context of existing 

technology and any other potential new technologies. Farmers' perceptions of the benefits of 

new technology relative to current practice are important. Roger and Shoemaker (1971) show 

that the attributes of the innovation are important factors in explaining the adoption process. 

These attributes include the innovation's relative advantage, complexity, compatibili~ with 

existing systems, its being amenable to trials and ability to observe results from the triais. 

Complexity increases the leaming costs for farmers while the abitity to observe results may 

reduce objective risks associated with adoption. Amenability to trials is tied to divisibility of the 

technology since if a technology is divisible, the farmer can experiment and adopt in incremental 

steps thus reducing both the risk and level of econornic investment that is needed. Certain scales 

of implementation may transcend farm boundaries and require collective action, complicating 

the adoption process. This may occur for example, with soi1 conservation technologies on slopes. 

Social differentiation by gender is an important considention in decision making in rural 

households, in which gender, historically has played a fimctional roIe, based on division of labor 

between men and women for vanous production and consumption activities (Muchena, 1994). 

An understanding of such differentiation in roles, and in access to and control of resources, may 

improve understanding of the potential impacts of technology adoption on the rural household 

and community. Some studies indicate that where technology is appropnate for the tasks they 

perform, women readily adopt (Mehra, 1994). If technological innovations displace women from 

traditional occupations, they are often less well equipped in tems of education and skills to End 

aiternative employment due to the numerous social and institutional constraints they face in 

participation in food and cash crops, extension and other non-agncultural activities (Mehn, 

1994). 



2.2.2 Economic factors and incentives in technology adoption decisions 

According to Feder, Just and Zilbeman (1985), an anaiysis of individual adoption should 

involve a mode1 of the individual's decision making process. The way in which an individual 

combines inputs to produce outputs or utility may be described in economic terms through a 

production hct ion.  A generalized production hmction may be written as Y = f (x), where Y 

represents the quantity of output or utility and x is the quantity of input. The traditional objective 

of the ntional firm, or economic agent, would be to maximize profit or utility by deciding the 

level of output Y to produce. Profits are defined as total revenue net of the total costs of the 

inputs x. With profitability as the main attribute of concem. where adopting an innovation is 

more profitable than the current situation, an individual is expected to adopt. 

In support of the traditional objective of the rational firm, Darling (1990), in a study on adoption 

of canola in Western Canada, concludes that 'adoption is driven ultimately by the aggregate 

effect of the micro-economic analyses done by the individual farm mangers when they make 

their cropping decisions. These analyses may be forma1 or infomal but the end result is the 

tendency for famers to mavimize the potential profitability of their farming operations.' 

The following discussion reviews concepts, approaches and factors postulated by economists to 

explain processes that influence development and adoption of new technologies. 

22.2.1 Indttced innovation and the technological treadmiff 

The concept of induced innovation, as first introduced by Hicks (1932), atternpts to explain why 

technical change moves in the direction it does at the aggregate level. The induced innovation 

hypothesis, as Iater developed by Hyami and Ruttan (1971) to account for public sector 

investment in agricultural technology research, States that: 

Fannen are induced by shifb in relative prices, to search for technical 
alternatives which Save the increasingly scarce factors of production. They 
press public research institutions to develop new technology, and aIso 
demand that agricultural supply firms supply modern technical inputs 
which substitute for more scarce factors. Perceptive scientists and science 
adminisiraton respond by making available new technical possibilities 
and new inputs that enable famers to profitably substitute the 
increasingly abundant factors for the increasingly scarce factors, thereby 
guiding the demand of famiers for unit cost reduction, in a socially 
optimum direction. 



Hyami and Ruttan (197 1) also suggest that "technical change is guided along an efficient path by 

price signals in the market" where markets are operating eficiently and where there is "effective 

interaction among fmers ,  public research institutions and pnvate agricultural supply fims". 

The response of research scientists and administrators thus represents a critical link in the 

inducement mechanism (Peterson and Hayami, 1977). 

A rather different concept is that of the "technological treadmill", developed by Davis (1979) 

which looks at how technological change has affected the structure of farming. This mode1 

describes the reduction in gains fiom adoption that is associated with limited demand for output, 

as occurs with a pnce inelastic demand as applied for domestic demand for agnculnirril 

commodities. Early adopters benefit from a cost-reducing technology whilst late adopten are 

pressured by price-cost influences to adopt. Increased output stimulated by adoption can thus 

lead to large price changes that may substantially reduce the benefits to adoption for the iate 

adopten. When technology is scale-related, this influence and the price-cost trends noted above. 

affect the structure of the f m i n g  sector. For individual farmers and agricultural supply firms the 

maxirnization of Future profits can be assumed as a major determinant of the direction of 

technological change. This observation is supported by findings of Griliches' (1 957) study of 

hybrid corn adoption by US farmen. In this study, agicultural supply fims and public research 

institutes acted rationally by developing hybrid vaneties for the corn-belt areas long before 

developing hybrids for the lower potential supply regions. Similarly farmers in high output 

regions planted greater proportions of their total corn acreage to hybrid varieties earlier because 

of their profit potential. 

2.2.2.2 Porifolio selection. risk and human capital theory 

The availability of any new production technology presents the farmer with a type of portfolio 

selection problem, vk-a-vir the use of old and new technologies. The portfolio selection problem 

can be viewed as the choice of an optimal mixture of activities that rnay differ in both nskiness 

and expected retums. Unlike the simple portfolio selection problem the farmer may have sorne 

degree of control on both the level of risk and the mean return. For example, this cm apply 

through farmers' use of inputs such as fertilizers and pesticides, as well as through seeking 

information, 



Schultz (1975) suggests that any new technology may cause disequilibrium in the f m i n g  

system, at Ieast in the short tenn, due to information constraints. These constraints may be 

alleviated through search and experimentation which enables a f m e r  to move towards 

equilibrium with efficient resowce use once again (Schultz, 1975). A study by Hiebert (1974), of 

W rice adoption in the PhiIippines, concludes that as the fmer ' s  information and 

understanding increases, uncertainty decreases and the producer is able to adjust input decisions 

so that the probability of a higher payoff from the new technology is increased, Assuming that 

the innovation is supenor to the old technology, farmen will tend to allocate more and more of 

their land to the superior new technology, as was the case for H W  rice where complernentary 

inputs of imgation. fertilizen and pesticides were available in the Philippines. A similar study of 

nce farmers in the Philippines indicates that intensive extension contact, as a source of 

information, is manifested in a consistently higher level of expertise of famers with contact 

compared to others (Feder and Slade, 1984). 

Risk perceptions may also be infiuenced by human capitaI, measured by education and 

experience (Zepeda, 1994). Education represents a decision maker's ability to assess nsk. 

Rovided an innovation is profitable, the accumulation of favorable experiences will eventually 

induce most fannets to adopt the new technology. The process of education can be viewed as an 

act of investrnent in people making educated people bearers of human capital (Nelson and 

Phelps, 1966). Education has been hypothesized to facilitate diffusion of new technology 

because education enhances one's ability to receive, decode and understand information, al1 of 

which are important fint steps in performing or learning to perform many tasks (Nelson and 

Phelps, 1966; Schultz, 197 1; Feder, Just and Zilberman. 1985). Better educated farmers may be 

quick to adopt profitable new processes and products since the expected payoff from innovation 

may be greater and the nsk may be smaller than for less educated famiers. This occurs if famen 

are better able to discriminate arnong promising ideas and less Iikely to make mistakes. Some 

f m  rnay find it prudent to delay the introduction of a new technique until they have concrete 

evidence of its pmfitability, for example, after knowing that their more educated friends have 

adopted the technique successfiiliy. 

The existence of a linkage between adoption and education bas been investigated by many 

scholars including Feder et al (1985). Theory and evidence generally indicate a positive 

relationship, suggestùig that education may be an important factor encouraging adoption. In a 



recent study, Yifù Lin (1991) investigates the role of education in fam household decisions 

regarding adoption of Fl hybrid rice seed in China. Adoption of the new technology is treated as 

a pordolio selection problem with the new a ~ c u l h v a l  technology reflecting high yield, low cost 

and other desirable traits, highlighting the importance of economic considerations to adoption 

decisions. Lin (1991) notes that the changes in the production process involved in the adoption of 

a new technology may bring risks resulting from impedect information and the possibility of 

committing errors. 

22 .23  The threshold model and scale/size effects 

Davies (1979) applied a threshold model to analyze adoption. The threshold model represents an 

equilibrium condition denved h m  the ntional choices of individual economic agents. It was 

concluded that adopters and non-adopters from a heterogeneous population could be separated 

by a critical threshold level of the heterogeneous characteristic. The source of heterogeneity 

could be associated with the farmer, for example, from experience, or with the fann, for example 

from fann size. The critical level itself is viewed to be determined by prices and costs and thus to 

change with these underlying economic variables. If there are few potential adopters with a 

particular characteristic near the threshold value, for example farm size, the effect of a pnce 

change on output supply and input demand would be considerably smaller than if many 

individuals shared that characteristic. 

Farm size reflects the scale effects of fixed technologies. technologes that are complements to 

fixed technologies, or technologies that require fixed quantities of physical or human capital. 

Farm size may be a proxy for access to credit and other inputs, and access io information or 

human capital. Fam size can be expected to relate to the ability to bear risks and larger fanners 

are likely to allocate more resources to the acquisition of idormation (Zepeda, 1994). Lindner 

(1979) points out that larger f m s  have more to gain from on-fami expenmentation and so tend 

to have shorter lags in evaluation during the adoption process. Feder et al (1985) discuss f m  

size as it relates to technology adoption and conclude that many other composite factors corne 

into play. For example, these could include the fwed adoption costs for technology that is not 

scale-neutral, which may allow large farms to adopt earlier due to high establishment costs and 

the need For credit to which Iarger farms have better access (Greene, 1973). 



2.2.2.4 Complenienta?y inputs, innovations and institutions 

The feasibility of technological options typically depends on the environment that is required to 

support particular tecbnological innovations in terms of availability of inputs and institutions. 

The nature of existing production technology influences the adoption of new technology because 

of compatibility or otherwise with the new systems. Complementarity of new technology with 

the current system may be undermined by competing demands for complementary investments 

such as land, labor and capital (Erenstein, 1999). Thus, the timing of costs and benefits can 

become a critical attribute in adoption of new technologies. Labor, credit, land, raw materials, 

land tenure and marketing institutions, technical and extension support are al1 potential 

complements to technology adoption; if they are limiting, they will act as limiting constraints to 

adoption of a new technology (Zepeda, 1994). 

Feder, Just and Zilbeman (198 1) discuss conflicting theoretical and empirical findings about the 

effect of land tenure on technology adoption. Evidence from studies of the adoption of Green 

Revolution technology in India indicates that tenant fanners tended to lag behind in the early 

yean. However, Schutjer and Van der Veen ( 1977) suggest that any observed tenancy effect may 

have been indirectly due to access to credit, input markets, product markets and technical 

information. Feder et al  (1 98 1) suggest that access to the marketing network and linkages to the 

transportation system are cntical for adoption, particularly in the case of highly perishable goods 

for which guaranteed marketing outlets rnay be essential. Similarly, complementary innovations 

may need to be introduced simultaneously to realize the poiential full benefits of a given 

technology. This has been seen, for example, where HYV seed and fertilizen or pesticides were 

required as a technology bundle, which highlights the importance of supply side and marketing 

requirements (Feder et al, 1 98 1 ). 

Fmers operate under resource constraints with, for example, limited supplies of cash, water, 

fertile land, livestock feed resources and labor in peak periods. Technology adoption requires use 

of resources directly, in terms of investment and maintenance requirements (cash or credit to 

purchase fertilizen, and labor to work fields). Resources may also be required indirectly as in the 

case of agroforestry, in terms of foregone production (such as Iand for cash crops). Labor is a 

very significant input in the agricultural systems of developing countries. Markets for m l  labor 

are fiequently not well developed and wages are low. However, the opponwiity costs of labor 

use, as in the profit fiom alternative uses of labor (such as formal wage employment or cash crop 



production) foregone by engaging labor in a given activity, will affect decisions c o n c e d g  labor 

use. Opportunity costs of labor Vary across farming households, seasons and activities. The 

demand for labor is high during peak penods that require agricultural on-farm work for land 

preparation, planting, weeding and harvesting. The opportunity cost of labor in other activities 

rnay be high during these times relative to the slacker agricultural period, when increased off- 

farm activity is ofien observed. 

Labor can be a critical binding constraint that requires adequate consideration in technology 

ûansfer. Hicks and Johnson (1974) found that higher nual labor supply led to greater adoption of 

labor-intensive nce varieties in Taiwan. Norman (1969) conciuded that an operative consinint in 

Afncan farming systems is the peak-season labor scarcity. The evolution of labor markets may 

result if an innovation creates effective demand for labor, inducing changes in the income-leisure 

equilibrium (Feder et al, 198 1 ). n i e  intensification of agriculture in southem Israel, producing 

an incentive for the nomadic Bedouins to become hired fmhands, is cited as an example of this 

by Feder et al ( 198 1 ). 

Developing country fann households typically face binding liquidity and credit constraints 

implying a correspondingly hi& opportunity cost of capital (Erenstein, 1999). There are few 

rural financial institutions that offer formal credit and informal sources charge high interest rates 

(Lele, 1975). The need to undertake fixed invesmients rnay prevent mal1 fanners from adopting 

new technology quickly due to dependence on credit availability (Feder et al. 1981). Lipton 

(1979) cites differential access to capital as a factor in differential adoption rates, particularly for 

lurnpy or indivisible technology like tracton. On the other hand, Schutjer and Van der Veen 

(1977) cite the conclusions of many authors that lack of credit is not crucial to adoption of scale 

neutral technology such as fertilizers and H W  seed. For scale-neutral and capital-intensive 

technology, liquidity is expected to be a more significant factor. Oppomuiities for o f f - fm 

income geneiation, and the availability of transfers h m  family memben in wage eaming 

employment, may alleviate liquidity and credit constraints that farmen rnay face in financing 

new technology. 



2.3 Agroforestry technology adoption and the farming system 

Resource allocation decisions in malloholder farrning households reflect objectives as shaped 

by preferences and perceptions related to profit, welfare and time preferences in timing of 

consumption. Households decide to engage in alternative productive activities such as 

agriculture, agroforestry, o f f - fm work or other activities that must compete for a limited stock 

of resources and the institutional environment. in an article on social and economic challenges in 

the development of complex f m i n g  systems, Pannell (1999) concludes that the biggest 

challenge in developîng a new farming system is to have it adopted and maintained by famers 

(Pannell, 1999). The difficulty is increased if the new farming system is cornplex andor 

radically different to current farming practice, as is commonly found with introduced 

agroforestry technology. In such cases supply side interventions in the form of complementary 

invesmients by extemal agents in infrastructure and inputs for establishment of seedling 

nuneries, training, trial plots, demonstrations and extension. rnay be required to off-set initial 

costs and risks, thus motivating agroforestry adoption. 

2.4 Evaluating empirical analyses of technology adoption 

2.4.1 Methodological shortcomings 

Much empirical work has lacked a theoretical basis on which to speciQ stmctunl relationships 

and interdependencies among variables explaining adoption. As a result, models specif'ied may 

not correspond to any underlying decision behavior. In addition, models have oflen failed to 

meet the statistical assumptions that are necessary to cary out hypothesis tests upon which 

conclusions are based (Feder et al, 198 1). 

Many studies try to determine the directional impacts of certain explanatory variables rather than 

their quantitative importance. For example, numbers of studies have applied non-parametric 

hypothesis tests of postulated explanatory variables based on chi-square contingency tables and 

simple factor correlation analysis, which do not give insights on quantitative importance of 

individual variables. Quantitative studies of adoption, using economenic techniques, have tended 

to concentrate on simple regession, explaining the decision to adopt versus non adoption rather 

than the extent of adoption (Feder et al, 1985). However, a full understanding of technology 

adoption cannot simply be categorized as adoption or non-adoption since adoption takes place by 
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degrees. For example, knowledge that a f m e r  is using HW seed may not provide much 

information about f m e r  behavior in that he may be using the hybrid seed on one percent or 100 

percent of his acreage. On the basis of a comprehensive review of literature, Schuter and Van der 

Veen (1977) conclude that, "the major technology issues relate to the extent and intensity of use 

at the individual farm level rather than to the initial decision to adopt the new practice". in this 

context, adoption cannot be represented adequately by a dichotomous qualitative variable, as has 

oAen been the case. A more appropriate reflection of the adoption rate may be given by a limited 

continuous variable, such as acreage for H W  planting, with the value of zero applying for non- 

adopters (Feder et al, 198 2 ). 

Numbers of studies have focused mainly on adoption of a single technology or on a bundle of 

technologies that are considered as a single unit. Feder et al. (198 1) cite David (1 975) as 

explaining the quantity of fertilizer used by ordinary regression on the use of H W  seed, among 

other variables. However, the decision to use HYV and fertilizer are normally simultaneous 

decisions, resulting in biased and inconsistent results. It is evident that many technology 

adoption decisions are simultaneous. tndeed, Nerlove and Press (1978) gave a pioneering 

discussion of the logit model to analyze several adoption decisions in a ûuly simultaneous 

equation framework. interactions revealed by such simultaneous modeling methods may be 

usefirl for policy related to technology adoption. For exampte, Feder et al. 9 1985) maintained 

that where several technologies are considered at once, such as hybnd seed and chemical 

fertilizers, it may be observed that farmers are more likely to adopt krtilizers if hybrid seed is 

adopted first and not vice versa. This and similar results suggest pointing extension efforts 

toward recognizing cornplementary technologies when dealing with transfer of new technology. 

Similady, in some studies of adoption, other endogenous variables have been used as 

explanatory variables without regard for the simultaneous equation bias that c m  result. One 

example has been argued by Zepeda (1994), noting that economic theory suggests that 

technology affects productivity and that the two cm be viewed as being jointly determîned. 

Therefore estimating an er posf technology adoption model with pmductivity as an explanatory 

variable c m  be subject to sirnultaneous equation bias (Zepeda, 1994). in an attempt to account 

for this simultaneity, Zepeda (1994), modeis productivity and technology adoption decisions as a 

system of equations. Her results illustrate joint dependence of these as endogenous variables, 

highlighting the importance of adequate consideration of simultaneity in modeling adoption 



decisions. 

2.4.2 The contextual relevance of this study to previous research 

An adoption model that concentrates on adoption of single technologies without consideration of 

the alternatives that may be complements, substitutes or supplements may mask the realities 

faced by households in their particular technological and socio-economic environment. Some 

recent quantitative studies of technology adoption decisions consider a set of technologies from 

which one potential bundle, of many combinations of technologies, can be chosen by a producer. 

Famers a n  assurned to consider a set of possible technologies or technology bundles and to 

choose that particular technology or bundle that maximizes expected utility or profit, conditional 

on the adoption decision. Rauniyar and Goode (1992) were pioneers in examining the adoption 

of seven different technologies by maize f i e r s  in Swaziland. Using factor analysis, they found 

that the seven technologies could be grouped into three interreiated sets of technologies that 

appeared to have common factors influencing their adoption. This study pointed to the 

importance of a multivanate approach to adoption studies. 

It has been argued that the adoption decision should be modeled in a multivariate context to 

capture economic information contained in interdependent and simultaneous adoption decisions 

(Dorfman, 1996). Caswell and Zilberman (1985) pursued a rnultivariate approach to analysis of 

adoption by examining the adoption of two improved irrigation methods (dnp and sprinkler) 

relative to the use of traditional furrow imgation. They employed a multinomial logit model 

measunng the probability of adoption of each improved imgation method relative to the 

traditional one. 

This thesis follows a similu approach to Caswell and Zilberman (1985). It considers adoption of 

dairy feed technology in a system in which there are discrete alternative technology bundles. 

Faxmers rnay or rnay not incorponte an agroforestry technique as a component of the joint 

technology adoption decision. The multinomial logit model specification is used to model 

choice. This model enables estimation of probabilities of choosing arnong the feed technology 

alternatives that incorporate combinations of a number of feed sources. 



Chapter 3 - - Study Area, Survey Methods and Data 

The fmt section of Chapter Three descnbes the study area in terms of selection critena, 

geography, institutions, and features of the local economy. The next section outlines the survey 

methods, provides a description of the sample and the survey instrument and grves an overview 

of the current state of dairy feed practice. This is followed by discussion of the process by which 

farmers were grouped by feed technology choices according to observed data. The chapter 

concludes with a description of the sample according to feed technology choice by presentation 

of statistics for key variables. 

3.1 The Stridy Area 

3.1.1 Study area selection criteria 

The main criterion used in selecting the postulated study area was the presence of an established 

ICRAF on-fam agroforestry research project. The presence of the Dairy Development Project 

(DDP), maintained under the auspices of the Agricultural and Rural Development Authority 

(ARDA), was an entry point for I C W  to interact with smallholder dairy farmers in the 

Chikwaka area. In 1994 ICRAF introduced MF' on-farrn fodder banks for livestock feed 

supplementation to the members of the Chikwaka Dairy Association. Since then, numbers of 

farmers have begun to grow these fodder trees and use them to supplement dairy cattle feed 

throughout the year. Chikwaka communal area was chosen for this study due to the high 

frequency of MPT o n - f m  fodder banks on individual farms. Another factor was the proximity 

of this area to Harare, where administrative support for the project was centered. This resulted in 

reduced communication, transaction and transportation costs, in the context of limited research 

budget. 

A disadvantage of the Chikwaka Communal Area as a research site is the high frequency of 

contact that households have with researchen and extemal development agents due to its 

proximity to Harare. Much of this direct interaction with farmers is, however, limited to the Gutu 

ward area that is nearest to the Juru growth point, This area has been classified as over- 

surveyed, due to roadside bias (Chambers, 1989). The current research study, however, targeted 

aIl f m e r s  that are members of the ChLkwaka da* association including those at the farthest 

end of Mwanza ward, which is as far as 25 kilometers fiom the growth point. Discussions with 
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f m e r s  and key infamants bom Mwanza and Dmete wards confïrmed that they had had Little 

direct contact with researchers and change agents unless they traveled as far as the Jum growth 

point to participate in development activity. Most f m e r s  Çom Gutu ward were in the pilot 

sample (pre-test group) whilst Mwanza ward farmers constituted 78 percent of the final sample 

of I 18 household surveys used in this analysis. 

3.1.2 Geography 

The Chikwaka communal area is located in Mashonaland Central Province, 50 kilometers north 

of the capital city, Harare. The area falls within Agro-ecological Region 11, an intensive farming 

region. Average annual ninfall ranges From 800 to 1000 mm which is generally regarded to be a 

good level of precipitation but the area is also prone to dry spells as occwred between 1986 and 

1991. The niny season falls between October/November and MarcMApril each year with the 

remaining seven to eight months being dry. Mean annual temperatures reach a Iow of five 

degrees centigrade during the cool season and a high of 35 degrees celcius in the hot season 

around October. Chikwaka experiences ground frost each year between June and July. Chikwaka 

soils are sandy and of poor fenility. The area has an undulating topogaphy with gnnite rocks 

dotted in the landscape (Burgers, Dzowela and FnnzeI, 1997). 

3.1.3 Demography 

The total land area of the Chikwaka communal area is 3 290 square kilometers. The population 

density is 33 persons per square kilometer which is higher than the country average of 29 penons 

per square kilometer for communal areas in Natuml Region II (CSO, 1992). That there is severe 

population pressure in this area is evidenced by the near absence of any natural woodland areas 

and the small size of individual landholdings of 4.6 hectares per household. Average household 

size in this area is 5.5 people. The resident adult population is relatively low due to urban 

migration of adults that leave the risks of farming on limited land and aim to diveni@ household 

incorne by seeking off-farm employment in Harare. Up to 32 percent of households have been 

found to hire labor to augment on-farm family labor (Burgers, Dzowela and Franzel, 1997). 

3.1.4 Land holdings and land use pattern 

The smallholder farmers in the Chikwaka area typically are mixed fanners. Cropping programs 

inchde the staple maize predorninantly, integrated with cash crops such as cotton. sunflower, 

groundnuts and tobacco. Vegetable gardening is atso practiced dusing the off-season months 



between May and November. Many households own cattle, goats and poultry. Households in 

villages are spatially organized in rows with each household having a yard at the homestead. 

Households are also allocated fields and gardens near the yard or fiirther afield. Indigenous cattle 

(non-dairy cattle) are grazed collectively away fiom cropping fields in communal grazing areas. 

There are not many grazing areas, so herders tend to weave around crop fields and rnakeshift 

roads. About seven percent of Chikwaka communal area farmers own dairy cattIe (Franzel, 

1999). These are mostly cross-breed andor exotic dairy cattle. The dairy herd is normally kept 

away Liom the rest of the herd to avoid contamination with pests and disease. The dairy farmers 

that are members of the Chikwaka Dairy Association market some of their milk through the 

center that is located at Juni Growth Point whilst the rest is side-rnarketed to neighbors andor 

retained for home consumption. 

3.1.5 Institutions 

Chikwaka communal area falls in the Goromonzi District and is compnsed of 3 administrative 

wards namely, Gutu, Dzvete and Mwanza. The Jum Growth Point is the main business center for 

the area and is located adjacent to the Mutoko road running Liom Harare and between Gutu and 

Mwanza wards. The administrative center for the Rural District Councit is at Goromonzi. 

The Zimbabwe O fftce of the International Center for Research in Agro forestry (ICRAF) employs 

a field extension worker in the Chiktvaka communal area. This officer has a mandate to offer 

technical and extension advice focusing on agroforestry to the farmers in this area. The officer 

also facilitates access to seed and seedlings for the MPT foddrr trees from ICRAF to farmers. 

The Forestry Commission and COOPiBO also each employ a extension officer resident at luru 

growth point with the mandate to encourage F'en to "grow more trees" by facilitating access 

to polyethylene bags, seed and seedlings for exotic hmber and h i t  tree species. The national 

agricultural extension agency, AGEU'EX employs two extension officen for each of Gutu and 

Mwanza wards while Dzvete ward has one officer. The AGRITEX mandate is to provide 

technical, advisory and extension senrices for land use planning and soi1 conservation to the 

smallholder farmen. The Agricultural and Rural Development Authority (ARDA) has aalso 

deployed a dairy liaison oficer to work with fmers as a general manager at the milk collection 

center at Juni growth point. 



3.2 Suntey Methods 

3.2.1 Informa1 survey 

The use of informal interview techniques to hold discussions with key infomants and famers 

was followed using Participatory Research Methods (PRM). Participatory Research Methods are 

based on the pnnciple of allowing the target community to be a part of and influence the 

direction of the research project. This encourages a reciprocal, rather than hierarchical, 

reiationship between the community and reseûrcher (Chambers, 1992). The aims of the initial 

informal study were to familiarize the rcspondents and the researcher with the research subject. 

The main outputs included identifying the relevant choice variables and choice set composition. 

defining the appropriate decision making context and identihing sources of heterogeneity in the 

sarnple. The informa1 survey also facilitated development of a sample h m e  and refining of the 

formai survey instrument serving as a complemrnt to the formal survey process that provided 

qualitative data to test the proposed hypotheses. Key informants included I C W  resource 

people at the Harare office, the ICRAF field extension officer in Chikwaka, AGRITEX extension 

offtcers, the DDP liaison officcr and farmers. A key component of the informal survey stage was 

the participatory rural appnisal (PRA) meeting held with a group of 30 farmers. A stnictured 

guide was used in this informal meeting to address such topics as economic and institutional 

conditions in the area, household economic activities and land aIlocation to various uses. Also 

addressed were uses and importance of livestock with particular reference to the dairy herd, 

including the main components of the dairy enterprise; activities and practices involved in dairy 

cattle feeding; adequacy of feed resources; and use of MFT fodder. In addition, discussions 

focussed on existing feed practices, important attributes of feed sources, feed constraints and 

seasonal factors. This interaction was also an opporninity to assess general attitudes of fannen 

and group behavior. 

3.2.2 Forma1 survey and survey instrument 

The second stage of the research project involved development and application of a formal 

survey using a questionnaire. This questionnaire was developed in light of the proposed 

theoretical models of adoption, as modified by the understanding provided by informal 

interviews with memben of the target community. The questionnaire was pilot tested on fi@ 

fannm, leading to a nurnber of modifications. The fuial version of the questionnaire is given in 

Appendix 1. Two enurnerators and a supervisor who were residents of the area were recniited 



for the purposes of questionnaire application in the local language of Shona. The household 

s w e y  was conducted over a two months penod, between September and November 1999. Due 

to the length of the questionnaire, two visits to each household were necessary to avoid 

respondent fatigue. In some instances, additional visits were made for verification of information 

afier supervisory checks on data consistency. 

The survey instrument sought to acquire quantitative infonnation to test the hypotheses 

formulated as the postulated models of adoption behavior. Based on the findings from the PRA 

discussion and the litenture review presented in Chapter 2, the explanatory variables influencing 

the feed technology adoption decision are postulated to be economic andor socio-economic 

variables. The economic variables postulated for this analysis are grouped under the headings oE 

scale of dairy enterpnse, productivity, income sources, management, resource constraints and 

MPT investrnent. The socio-economic variables are described in the sections below as innovators 

and experience, wealth and risk management, and gender. These groups of variables are 

discussed further in section 3.6 in the context of farmers' characteristics and sample statistics. 

Further discussion is in section 5.2 in the context of the models postulated to test hypotheses and 

a priori expectations. 

n i e  questionnaire was spiit into two sections because of its length. Questionnaire one was 

designed to acquire data on genenl socio-demognphic and socio-econornic characteristics of the 

household, particularly on motivations and resource endowments that may affect adoption of 

technology. Questionnaire two collected data on feed-source specific attributes related to labor, 

land and cash demands and seasonal availability of these feed sources and factors. Season is an 

important variable in determining combinations of feed sources used by a given farmer at any 

time during the year because of the drastic qualitative and quantitative changes in Ceeds and in 

factor availability by season. For this study, the year is split into three seasons roughly 

determined according to feed source availability throughout the year namely, the late dry season 

(August - December, Chirirno), the wet season (January - May, Zhizha) and the early dry season 

(June - JuIy, Chando). Agronomic constraints and management strategies are viewed to 

detemine seasonal access to feed sources and the presence of producing cows (cows in milk) in 

a particular period. The presence of producing cows determines the use of certain feed sources, 

such as dairy concentrates that are given only when milking, because of their otherwise 

prohibitive cost. In contrast, dry season maize silage, for example, may only be available if 



maize is grown during the wet season and conserved in preparation for the dry season. Al1 

questions in questionnaire two were repeated for the three seasons to capture the variation 

consequent on the differences in decision rnaking by season. The survey relied on famer recall 

of data and asked questions about the specific period between August 1998 and July 1999, which 

covers the three seasons mentioned above. 

3.3 Survey Subject Selection 

The study focuses on analyzing the incidence of use of agroforestry fodder in the feeding regirne 

practiced by members of the smallholder dairy scheme in Chikwaka communal area where 

I C W  introduced this technology beginning in 1994. The Chikwaka Dairy Association was 

established in 1984. At the beginning of the field survey in August 1999, approximately 170 

households were identified to be current members of the dairy association. This identification 

was conducted through purposive sampling, which involves selection of the sample on the basis 

of prior knowledge of the population and to suit the aims of the research (Babbie, 1973). The 

identified farmers can be defined loosely as those delivenng milk to the collection center at Juru 

growth point at one time or other in the recent past (generally within the last two years). Key 

informant advice provided by the ICRAF field officer was critical in Iocating fanners since dairy 

center records only applied to current producing farmen for that cropping year who had 

delivered milk to the center at least once between July 1998 to the time of survey in September 

1999. Identification was conducted by walking through each village in the three wards and 

visiting households that showed signs of dairy activity through the presence of miiking sheds, 

hay sheds, pastures and dairy cows at the homestead. The first few householders visited in each 

village then cited other dairy farmers within the village and neighboring villages with dairy 

activity, giving a series of contacts with households that occurred in a "snow-ball" tàshion to 

identify the total population. 

It was decided to administer the questionnaire to the total identified population of Chikwaka 

dairy fmer s .  The response rate was 100 percent of the households identified. Of the original 

170 household, responses, 118 are used in the final analysis and the other 52 responses were 

treated as pre-test cases as changes in the questionnaire were made after the initial survey of 

these households. The structure of the sarnple, in the fuial group of 118 farmers, according to 

administrative ward and village is presented in Table 3.1. 
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Table 3.1: Number of Households (HHs) in Final Survey Sample 

by Administrative Ward and Vülage 

Mwanza Ward 

Village 

Chigora b 
Chinanda 
Chipikiri 
Chiwocha 
Choruwa 
Goremusandu 
Gosha 
Gumbodete 
Koromani 
Majoka 
Makuku 
Mapfbmo 
Marimo 
Manmo B 
Masarurwa 
Masawi 
Matyaire 
Muc hernwa 
Mudhiwa 
Muhwati 
Murambwa 
Murape 
Musarurwa 
Musaruzi wa 
Mwanza 
Ndamba 
Nekati 
Noarnba 
Tunha 
Sub-total 

Total Number of E 

No, of HHs 

Gutu Ward 

Village 

Bunfiw 
Chigora a 
Chirima 
Chitembo 
Goremusande 
Gutu 
Gwamura 
Kadyamadare 
Mabvudzi 
Manhudzi 
Marimo 
Mavhudzi 
Mhondamapanga 
Mhondanadango 
Mujuru 
Mumngweni 
Muzhona 
Ngorima 
Rukaingwa 
Te fere 

No. of HHs 

Dmete Ward 
Village HHs 

Mumngweni 1 

3.4 The current daity cattle feeding practice 

3.4.1 Cattle feed requirements 

Two major components of a cow's diet are dry matter (DM) and crude protein (CP). The feed 

requirements for a mature dairy animal dictate that the animal consumes about 3% of its body 

weight of dry matter (DM) daily (Burgers, Dzowela and FranzeI, 1997). This would constitute 



about 9 to 10 kilograms of DM for an animal weighing 300 kilograms, The m d e  protein 

consumption is calculated relative to the dry matter intake of the cow and should not fa11 below a 

critical threshold of 6 to 8% of DM intake in order to support rumen microbial digestion 

(Dzowela, 1997). When the crude protein of feeds falls below this critical threshold, the 

animal's appetite is depressed and forage intake is reduced, thus reducing animal productiviv. 

The National Research Council(1989) has suggested that 1 1 to 12% CP content is adequate for 

maintenance of the cow and for modente live weight gains, whereas 14 to 16% CP is required 

for producing (in milk) dairy cattle. 

3.4.2 The six main feed sources used in Chikwaka Communal Area 

The six main livestock feed sources used by smallholder dairy famen, identified through PRA 

discussions and from the literature (Burgers, Dzowela and FranzeI, 1997; Dube 199S), are 

communal grazing, crop residues, maize, purchased concentrates, pasture grasses and legumes 

and multi-purpose tree fodder (MPT). Vanous combinations of these six feed sources are used 

throughout the year in an attempt to meet the dry matter, crude protein and other livestock feed 

nutrient requirements of the dairy herd. The lower value feeds containing high levels of dry 

matter relative to crude protein content are used as the basal diet for the animal whilst the high 

protein content feeds are used as supplements to ensure that adequate crude protein levels are 

consumed by the animal. 

3.4.2.1 Communal grazing 

For the majonty of communal area households, extensive gnzing on the communal gnzing and 

woodland resource, with grass and trees, is the major source of livestock nutrition. Pressure on 

grazing lands, which are a common property resource, has mounted due to increased population 

and the need to clear land for agriculture and settlements. Insuf'fïcient communal grazing land is 

an important constniint to livestock production (Clarke, 1994). In addition, the nutritive value 

and quantitative availability of this feed resources declines rapidly from the end of the wet 

season in May to the peak of the dry season in October. During the wet season the crude protein 

content of range grazing is 8 to 10% of the dry matter (DM). This value declines to as low as 1 to 

3% during the dry season which is far below the critical tbreshold of 6 to 8percent CP (Dzowela, 

1997). 



It is common for Chikwaka farmers to seek permission to graze cattle or to collect hay from 

neighbonng commercial farming areas with relatively abundant grazing resowces. It is also 

common for Chikwaka smallholder farmen to purchase hay fiom neighboring commercial 

farms. Grass collected tom communal areas that are considered as 'no man's land' (such as 

contour bunds - rnadhundum) is conserved and stored as hay for dry season feed. 

3.4.2.2 Crop residues or stover 

Chikwaka communal area is located in the relatively high potential agro-ecological region (NR II 

and III) where crop production is good and livestock rely on crop residues for up to tïfty percent 

of their energy requirements. Maize stover, the residue after harvesting the maize crop, 

represents a valuable resource to households for feeding cattle (Chivaura-Mususa. Campbell and 

Kenyon, 1997). In general, crop residue, particularly maize stover, is available for use because 

maize is a staple cmp. In the higher potential agro-ecological regions, rnaize stover yields 

average 2.9 tons per hectare. In the lower potential agro-ecological regions (NR IV and V). crop 

production is constrained by erratic rainfall and cattle depend on the browse component of 

grazing to a much greater extent. In this case, crop residues meet only twelve percent of cattle 

energy requirernents. The amount of crop residue exclusively available to an individual 

household's cattle is in direct proportion to the area planted by that household to maize. 

However, al1 the cornmunity canle also bmefit from fm roaming across fields during the dry 

season until the tint day of November each year when cattle are required by law to be controlled 

in anticipation of the new season's crops. In addition, crop residues may find an alternative use 

as a source of energy by households facing fuel wood constraints. By the time of the subsequent 

wet season, crop residue supplies stored from the previous harvest have been depleted in most 

cases. 

Cereal crop residues generally have a poor feeding value, similar to that of range grazing in 

communal areas, with only about 3 percent cmde pmtein content. Households collect and store 

residues to feed to cattle and these are sprinkled with salt to taste and minera1 supplements. In 

many cases, urea is also added to the crop residues as a source of crude protein (CP) content. 

3.4.2.3 Purchused concentrates 

Purchased commercial feeds, such as dajr concentrates and dairy rneal, provide a good source 

of protein and other livestock feed nutrients, parcicularly during the dry season when the major 



sources of dry matter (grazing, hay and crop residues) are very Iow in nutrient vaIue. A fi@ 

kilogram bag of dairy meal, based on Cotton seed cake, contains about eight kilogram of crude 

protein (CP) (Dzowela, 1997). Dairy cattle that are producing milk for income generation are 

valued enough to justim feed supplementation by purchased concentrates. Farmers Say that they 

are recommended to feed milking cows an average of three kilograms of concentrates per day or 

dairy meal mixed with crushed dry maize. Greater or smaller rations may be administered to 

milking cows depending on the cow's actual milk output and cash constraints. 

3.4.2.4 Pasture grasses und legumes 

Many herbaceous and woody tree legumes and pasture grasses have been tried as a source of 

protein nutrition for livestock. The national agricultural extension agency AGRITEX has 

encouraged dairy farmen to grow napier grass pastures and to fortiQ grazing areas with pasture 

legurnes for livestock supplementation. Examples of recommended pasture legume species are 

Stylosunthes sp.. Siratro sp..and Lablab purpureum, velvet beans, cow peas and othen. Famers 

that are members of smallholder dairy schemes have been specifically recommended to grow 2.6 

hectares of napier grass each to sustain a productive dairy herd. The preparation of a napier grass 

pasture was in fact a prerequisite for access to the Heifer Project International (HPI) dairy cows 

that were given as starting capital for the new market-oriented dairy farmen. Most farmers in 

these schemes, such as in Chikwaka, have been found to comply with these recommendations, 

although pasture areas tend to be much smaller than was recommended (Dube, 1995). Napier 

grass is the most widely grown pasture p s s  that is high yelding, between 12 and 15 tons per 

hectare and has a crude protein range of 9 to14 percent (Chakoma, 1995). Pasture grasses and 

Iegumes are mostly available to feed cattle during the wet season when leaves are blooming. 

Storage for dry season use is in direct proportion to area planted and management. According to 

Dzowela (1997), herbaceous legumes have generally failed to persist in these low external input 

systems. 

3.4.2.5 Mtr 1 f i-purpose tree fodder banks 

Multi-purpose tree (MPT) fodder species have been developed on research stations as an 

alternative source of quality (hi& protein) livestock nutrition particularly for the dry season 

when severe feed shortages are faced. MPT 'fodder banks' are a variant of the agroforestry 

practice of alley cropping that involves growing of food crops between leguminous nutrient- 

cycling trees and shmbs which are pnmed penodically diaing the c~opping season to reduce 



shading and to provide green manure and fodder for livestock (Burch and Parker, 199 1). 

Introduction of MPT fodder trees for on-farm fanner led tiaIs began in 1994 in Chikwaka 

communal area (Burgers, Dzowela and Frruizel, 1997). The MPT species that have been tested in 

biophysical experiments for establishment by 1CRA.F in Zimbabwe include Leucaena 

leucocephala cv Cunningham, Leucaenn pallidu. Cajunus cajun. Acacia Anguisfinia and 

Calliandra Calorhyrsus. Cnide protein content of the MPT fodder is about 26% for leaves of 

Acacia Anguisfinia, about 25% for the leaves of Leucaena laicocephala, and about 22% for the 

leaves of Calliandra Calothyrsus. The stems and older plant parts have much lower crude 

protein content. 

Many famen who are members of the Chikwaka dairy association grow MPT fodder for cattle 

feed supplementation. The important benefits of these trees in the Zimbabwean farming systern 

are in reducing the cos& of commercial feed supplements, thus making market dairying viable 

(Burgers, Dzowela and Mafongoya, 1997). MPT fodder has the favorable characteristic of 

having a high nutrient value. However, drying of MPT fodder to store for use in the dry season 

results in a reduced crude protein content and reduced digestibility. X potential constraint to use 

of MPT fodder in the dairy feed system is the presence of anti-nutnent factors that reduce 

palatability and digestibility. Farmers have reported that cows selectively feed on other feeds 

ignoring those that may seem to have an unfavorable 'tlavor' particularly after dryiog the plant 

material. in on-station research, Dzowela (1997) observed some depression in the animals' dry 

rnatter consumption when animals were fed Calliandra Calothyrsils as their only souce of crude 

protein. 

MPT fodder tree species achieve higher potential yirlds in the second year afier planting 

(Dzowela, Burgers, Tapfurnaneyi and Chikura, 1997). MPT fodder is mostly available to feed 

cattle during the wet season when leaves are flushing. At the end of the wet season forage must 

be cut and conserved for storage otherwise plant material will be lost due to leaf fall. During the 

dry season, the fodder trees become deciduous in response to climatic stress; for example many 

species will succumb to Frost damage. Harvesting of MIT fodder to store for dry season use is 

constrained by total fodder output which depends on the area planted. Burgers, Dzowela and 

Franzel ( 1997) recorded average fodder ytelds of 930 kilograrns of dry matter per hectare planted 

for eight farmers included in o n - f m  trials. To illustrate the fodder outputs obtained by the 

farmers in the sürvey sarnple for this study, let us assume the sarne yields as for the above group. 



Given that the sampled fanners have on average 0.105 hectares (0.248 acres) planted to MPT 

fodder t m s ,  their tree fodder output for the year should be equivalmt to about 98 kilograms of 

DM. This would constitute about 33 days of feeding for one cow supplemented at a rate of 30% 

(Le. by 3 kilogram pet day). Low fodder outputs rnay occur due to agronomie constraints such as 

poor soi1 fertility, inadequate rnoisture and problems of plant spacing and pests (particularly 

nematodes and termites). Management and resource constraints are also important in 

determining fodder yields. These may largely be due to limited expenence with seedling and tree 

growing, inadequate labor to grow and numire seedlings and trees in the wet season, and 

inability to control browsing of unprotected trees by stray livestock, particularly goats. All the 

factors above may contribute to poor survival rates of trees as well as poor yields. For example, 

Dzowela (1997) shows From the results of on-station trials that management factors such as 

deferring wet season cutting time From Ianuary to April, result in significant fodder yeld 

increases and dry season fodder re-growth. 

To alleviate land and labor constraints to the production of MPT fodder, farmers nomally inter- 

crop the trees with pasture grasses and legumes so that tending operations are perfomed 

simultaneously . 

3 - 4 2  6 Muize 

Maize is a staple food that is cultivated by al1 households for home consumption. Maize may 

also be Ted to cattle that are highly valued, such as income generating dairy cattle. It is common 

for most farmen to allocate a separate acreage of maize solely for cattle feed which is either 

used to make silage for dry season feed or fmm which the grain is dried and ground into 

'bmhes". Silage, a ferrnented mixture of mainly maize and molasses, is high in pmtein content. 

Silage is made near the end of the wet season and is normally fed to animais fiom about June 

until supplies nm out, which is normally by about August For most h e n .  Crushed maize is 

mixed with purchased dairy meal and this may be fed throughour the year to dairy cows in milk. 

Where dairy cattle are not allocated a separate maize acreage for feed, the household will ofien 

sacrifice some of its own maize harvest to feed lactating dairy cows. 

3.4.3 Seasonal factors in feed source use 

Feed source availability d e s  drastically, both quantitatively and qualitatively, fiom wet to dry 

season. Wet season feed regimes incIude: fiesh range grazing; fiesh cut and carry pasture 



grasses and legumes and MPT fodder; maize m h e s ;  purchased concentrates fed to milking 

cows; and crop residues for fimers who manage to store enough Eom the previous harvest to 

last through to the next wet season. Most of the plant-based feed resources are high in cnide 

protein content when fresh and provide adequate dry matter in the wet season. Dry season feed 

regimes incorporate: maize cmshes sornetirnes mixed with purchased concentrates; dned 

pasture grasses and legumes and MPT fodder; silage made from fiesh maize; post-harvest crop 

residues; and hay conserved from grass collected from communal areas and neighboring 

commercial f m s .  The main source of crude protein for cows that are producing milk is 

purchased concentrates. Other high protein feed sources are MPT fodder and maize silage where 

available. The other sources of dry season feed are rnainly dned plant materials that are generally 

low in protein content. 

Quantitative feed availability For the dry season is largely determined by invesûnent of land and 

labor resources and management. This is mainly achieved by planting a sufficiently large 

acreage of maize, MPT fodder and pasture grasses and legumes such that some feed may be 

conserved fiom the wet season in preparation for the dry season. AIso important is management 

of cutting times and methods during the wet season to ensure tree and plant leaf re-growth and 

management of agronomie constraints as well as protecting plants from uncontrolled browsing 

by stray animals. Possibilities for harvesting and conserving fodder (grass for hay. crop residues. 

MPT, pasture p s e s  and legumes) during the wet season when the plant material is still of good 

nutritional value are consûained primarily by labor availability dunng this peak period of 

nopping activities. Collection of hay can be very time consuming, particularly because of 

distances that need to be traveled to access range land and the quantities that need to be collected 

to ensure sufticient supply for the long dry season. Labor is also a consaint to the collection of 

crop residues to store as livestock feed after the harvest. 

Liquidity constraints expressed through the lack of availability of cash will determine the 

feasibility of purchasing commercial feeds for livestock supplementation and hinng manpower 

to augment family labor. Cash availability is also closely Iinked to having cows that are 

producing milk for sale and this is determined by management and is seasonal, depending both 

on successful breeding of cows to induce lactation and adequate feeding to ensure milk 

production. It should be noted, however, that the breed and other physiological characteristics of 

the dairy cow will also determine the ability to induce lactation. Liquidity as a seasonal 



phenommon in Chihaka communal area is also closely tied to crop harvest periods when crop 

sales occur. It also reflects transfen or remittances fkom wage earning family members, sale of 

crah and bricks, and sale of relativeIy liquid assets such as cattle, goats and other srna11 

livestock. Many of these are counter seasonal activities, occumng in slack agricultural periods 

due to labor constraints. 

3.5 Definirion of feed technolugy alternatives 

The choice set of feed alternatives available to the farming households is assumed to be identical 

for al1 households since al1 six identified main feed sources are known and feasible to al1 

sampled households. Table 3.2 below presents the results OC counts of households observed from 

the survey to use each of the six main feed sources. 

Table 3.2: Number of households by feed source used each season 

1 Feed source I Number of Households I 

I a 

Footnote: LD=Late dry season, W=wet season, ED=Early dry season 

5. MPT fodder 

6.Maize 

The six identified major livestock feed sources were used to defme composite feed technology 

bundles that are different combinations of six or fewer of these feed sources. Prelirninary 

analysis of the data collected from the survey indicated that 18 possibte combinations of the six 

feeds were observed. However, given the lack of variation in use of many of the feed sources 

observed from inspection of the figures in Table 3.2, it was decided to consider only the 

incidence of use or non-use of MPT fodder and purchased concentrates to gmup households by 

feed technology choice. The feed sources of communal grazing, crop residues, Pasture grasses 

and legumes and maize are thus held constant for every obsewation. In addition to the lack of 

68 

116 

80 

79 

72 

113 

64% 

87% 



variation in use of these four feed sources, a number of reasons justify this grouping of f m e r s  

by feed technology choice. Some of these arose in the PRA discussions and others resulted from 

preliminary data anaIysis. 

The low incidence of use of crop residues in the wet season is observed because cmp residue 

supplies stored from the previous harvest do not last until the wet season before the new crop is 

harvested. Maize is used as a cattle feed, even where dairy cattle are not allocated a separate 

maize acreage for feed, the household will often sacrifice some of its own consumption of the 

staple maize for the dairy cows. 

in addition, communal gazing, which is viewed as an open access activity, is available for al1 to 

use at relatively low cost to the individual farming household. Its use for open grazing following 

the cropping season is customary pnctice. Even where households will not let their dairy cattle 

grme in communal grazing areas, grass is collected from areas that are considered as 'no man's 

land' (such as contour bunds - madhundirni) to conserve as hay for dry season feed. As well, 

ofkials of the Dairy Development Project (DDP) specified that farrners plant napier grass 

fodder pastures for dairy cow maintenance as a condition of entry into the scheme (Dube, 1995). 

Therefore, every Famer has introduced grass andor legume pasture. The pastures. being 

perennial, tend to regenerate year afier year with the nins and thus the majority of f m e r s  still 

manage to harvest some pasture grass to feed dairy cattle. Finally, the dependent variable in this 

analysis is a simple yes or no measure indicating use of a feed technology with no considention 

for intensity of use. Therefore, it is impossible to capture significant Ievels of use of any of these 

feed sources, particularly those that may be considered to be readily available and of relatively 

Iow value, such as the communal grazing and crop residue. 

3.6 Samgle description by feed technology choice 

From the preceding discussion in section 3.5, it is apparent that important trade offs occur 

between MPT fodder and purchased concentrates in the choice of feed technology used by 

f m e n .  The resulting alternative feed technology bundles available to f m e r s  are: 1) use of 

both MPT and concentrates (Both); 2) use of concentrates and no MPT, (Conc); 3) use of MPT 

and no concentrate and (MPT); 4) use of neither (Neither). The feed technology bundles cm be 

broadly considered as cash-requiring vernis labor-requiring technologies. In this context: 1) is a 
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combination of both cash and labor requinng, 2) is cash requiring, and 3) is labor requiring. 

Tables 3.3 and 3.4 below present sample statistics of the data collected to illustrate the 

economics and the underlying socio-economic factors of choosing among the four feed 

technology possibilities, in the both wet and dry seasons. Specified variables are postulated to 

represent the following general facton: scale of dairy enterprise; efficiency; income sources; 

management; resource constraints (such as liquidity and credit constraints, labor availability, 

land availability); MPT investment; innovation and experience; wealth and nsk management; 

and gender. 

From Table 3.3 we observe that fanners in the group using both MPT fodder and purchased 

concentrates (Both) have the largest herd sizes, as shown by the mean total cattle herd, which 

includes both dairy and non-dairy animals. This group of f m e n  exhibits the second earliest 

mean start date of experimentation with MPT fodder planting, after the 'MPT' alone group, and 

the largest mean area planted to MPT fodder. This might indicate these are 'innovators'. This 

group appears to represent relatively wealthy farmers that have divenified their cattle feed 

source base and s h o w  a willingness to adopt new techniques like MPT fodder, possibly because 

of their ability to absorb nsks. ûnly 48 percent from this gmup cite milk revenue as their 

pnmary income source, compared to 70 percent for the group using 'Conc' alone. The "Both" 

group has the largest number of famers citing land constraints as the major reason for their 

livestock feed problems. On average, 45 percent of farmers cite land problems in this group, 

whilst the whole sample mean response to this question is 35 percent and responses in the other 

three groups faIl below this mean. 

The dairy farms using concentrates only, 'Conc', have the highest mean dairy herd and highest 

absolute number of producing cows. Seventy percent of these f m e n  indicate that milk income 

is ranked as the most important income source for the farming household compared to 42 percent 

for the whole sample. This group of farmen use relatively more cash inputs to purchase feeds 

and has the largest area allocated to al1 Pasture but the smallest area allocated to kfPT fodder. 

Farmers in this group generally started experimenting with MPT fodder much later than al1 other 

groups of farrners. hdeed the mean start date for the 'Conc' of 1 998.1 is more than a year later 

than the mean start date of 1996.9 for the whole sample. Farmers that use only MPT fodder and 

no purchased concentrates have a mal1 dairy herd of 1.69 cows on average compared to the 

sample mean of 2.63. 



Table 33: Economics and Socio-economic Factors in Feed Technology Choice-Wet Season 

Variable Definition SantpLe Both Conc MPT Neither 
n=118 n=67 n=20 n-23 r d 8  

Scale of dairy 
DARYHER 

Efficiency 
iNMDAR 

Cash availability 
DEL IVY 

Incorne source 
MILKIST 

CROPlST 

Land availability 
LANDPrn 

MAIZTOT 

Labor availability 
MAIZLAB 

HHSIZE 

MPT lnvestment 
LMPTAREA 

Management 
RECORDY 

LFAY 

Innovators 
expericnce 
MPTlST 

J 0 W A . R  

Gender 
PRDSEXF 

Wealth 
HERDSLZE 

SCOTCHY 

and 

absolute number of dairy 
cows owued 
number of dairy cows 
actualiy producing milk 

ratio of cows in milk to 
dairy herd 

f m e r  receiving cash 
income from dairy = 1 

dairy considered primary 
income source = 1 
crops considered primary 
incorne source = 1 

feed problem due to 
gming land shortage = 1 
ratio of maize acreage to 
total Iand holding 

HH members per acre of 
maize planted 
Househoid size - number 
of people 

Area planted to MPT 
fodder (acres) 

Farmer records activities 
and transactions = 1 
Farmer attended last dairy 
management meeting = 1 

year first pIanted MPT 
fodder 
year joined daky 
association 

female HH member 
responsi'ble for dairy = 1 

total number of cade held 
(plus non-&ky) 
HH owns a scotch cart 
(ox-drawn car9 = 1 0.474 0.49 0.30 0.62 0.53 

Footnotes: The values presented in the table are catcuiated variable means; Both = purchased concentrates and MPT 
fodder, Conc = purchased concentrates alone; MPT = MPT fodder aione 



Farmers in this group have the smallest proportion of their total dairy herd producing milk with 

an average of about 15 percent. In the "MPT* only group, 31 percent cite rnilk as the primary 

income source whilst another 3 1 percent cite market gardening and 15 percent cite crop income 

as the main source. This group exhibits the earliest start date for experimenting with MPT fodder 

planting and the second largest mean area planted to MPT fodder. 

Farmers in the 'Weither" group appear to represent the marginal dairy farmers. None of the 

farmers cite dairy income as most important, compared to the whole srimple mean of 42 percent 

for which this is the case. Crop income is the most widely cited primary income source cited by 

53 percent of farmen in this group. The lowest values are observed in this group for dairy herd 

size, cows in milk, MPT pasture area and total cattle herd. The major wealth indicator, total 

cattle herd, has a rnean of 3.95 for this group which is much lower than the sample mean of 6. 

08. Mean family size is highest in this group. This group seems to represent farmers who are not 

concentrating efforts on the dairy enterprise and are thus may be less motivated to diversify their 

feed technology by incorporating MPT fodder or less likely to incur costs by purchasing 

concentrates. 

The means of dry season variables for each group follow similar trends to those discussed for the 

wet season above (see Table 3.4). The important difference is in the generally lower productivity 

Ievels in the dry season as shown in the values for W I L K  and MMDAR compared to the wet 

season. Higher productivity is observed, in the dry season, only among famers who feed 

purchased concentrates compared to the wet season. This possibly reflects better management of 

farmers to ensure that cows are lactating during the dry season and that adequate feeding, 

through conservation and storage of feeds, is provided to these to maintain productivity. 

In the dry season in general, 77 percent of the f m e r s  use purchased concentrates compared to 

74 percent in the wet season. It appears that purchased concentrates are used to alleviate dry 

season feed shoctages and that these may be Fmanced through proceeds from crop sales from the 

recent harvests (April-May) or through the sale of livestock. There is also a reduced level of use 

of MPT fodder in the dry season, possibly due to reduced availability. Feed availability of plant 

based feeds ( W n g  and pasture plants) is much lower during the dry season when most biomass 

is dry and nutritionally poor, and quantitative availability depemds on f m e r s  haWig stored 

some feed from the wet season. 



Table 3.4: Economics and Socio-economics Factors in Feed Technology Choice-Dry Season 

variable Definition Sampfc Both Conc MPT Neitiier 

Scale of dairy 
DARYHER 

Efficiency 
[NMDAR 

Cash availability 
DELIVY 

SCOTCHY 

Land availability 
LANDPRB 

Labor availability 
MAIZLAB 

MPT Investment 
MPTAREA 

Management 
RECORDY 

LFAY 

Innovators and 
experience 
MPTlST 

Gender 
PRDSEXF 

absolute number of dairy 
cows owned 
number of dairy cows 
actuaiiy producing mik 

ratio of cows in milk to 
dairy herd 

fanner receiving cash 
income from dairy = 1 

total number of cattle held 
(including non-dairy) 

HH owns a scotch cart (ox- 
drawn cart) = 1 

feed problem due to 
grazing land shortage = 1 
ratio of maize acreage to 
total land holding 

HH members per acre of 
maize planted 
Household sue - number 
of people 

Area planted to MPT 
fodder 

famer keeps records of 
activities/tnnsactions = 1 
famer artended 1st dairy 
management meeting =1 

Year f i t  plmted MPT 
fodder 
Year joined ci+ 
association 

Femalt: HH member 
responsibie for dairy = 1 

Footnotes: The values presented in the table are calculated sampIe means; Both = purchased 
concentrates and MPT fodder, Conc = purchased concentrates alone; MPT = MPT fodder alone 



in general, however, of the whole popuiation of Chikwaka dairy association mernbers, the 

number delivering milk to the collection center at any one point in time is rather low. The 

average number of famers delivering milk at any time is around 36 percent for the wet season 

and 35 percent for the dry season for this sample of the population of Chikwaka dairy association 

members. This tendency may reflect varying levels of motivation of members in the dairy 

scheme, as well as variations in management, resource endowments and poor dairy cattle breed 

performance. Another reason for this feature may be recent dairy cattIe deaths suffered by some 

farmers due to tick-borne diseases. 



Chapter 4 - - Theoretical and Empirical Framework 

The following discussion, which draws on the work of Ben-Akiva and Leman (1985), links the 

research problem and the specific research questions forrnulated in the preceding chapters to 

principles derived h m  economic theory in order to formulate economic models and testable 

hypotheses that are amenable to empirical analysis. Underlying the question of adoption and its 

determinants is economic decision theory. We assume a rational decision maker with consistent, 

transitive preferences, who seeks to optimize given some objective function. Household 

production theory, which views the household as a consumer and producer facing various 

resource constraints (including time availability), is adapted for the formulation of the usual 

problem of constrained utility maximization. This approach is deemed relevant to the smallholder 

dairy farmers that are the focus of this study in order to assess the optimal combination of 

activities and purchased inputs in the production of outputs used in the cattle feed system. 

The analytical approach followed focuses directly on the concept of the indirect utility function 

based on revealed preference data. Resource constraints and socio-economic characteristics of 

farming households are postulated as arguments of the indirect utility function to explain 

variation in choices. Random utility theory (Manski, 1977) is adapted for the specification of a 

probabilistic choice model, which is the bais  for the empirical discrete choice models, in order to 

account for behavioral inconsistencies that result in erron between observed and predicted 

choices. The discrete choice model postulated to test the hypotheses is specified as the 

multinomial logit models. The implication of the underlyng assumption of the independence of 

irrelevant alternatives (DA) is also discussed. 

4.1 Choice theory 

n i e  general purpose of the theory is to develop a predictive mode1 of the choice behavior of a 

group of individuals. This aggregate behavior is, however, a result of the decisions of individuals 

or households. 

4.1.1 Elements of the decision makir.& process 

Any given choice cm be viewed as the result of a sequential decision making process by the 

individual or household. This process takes into account the following elements: 1) the decision 



maker 2) the alternatives 3) the attributes of the dternatives and 4) the decision mle applied. 

The decision maker is synonyrnous with the economic agent of concem. This may be an 

individual, firm or group such as a household. Differences in decision making processes among 

individuals or households are due to differences in preferences and circumstances (physical, 

socio-cultural, socio-demographic and socio-economic). The decision maker draws a choice fiom 

a non-empty set of mutually exclusive and colIective1y exhaustive alternatives which are 

determined by hidher environment. From the universa1 set of alternatives, a given individual 

considers the subset that is his/her choice set. This includes al1 the alternatives that are feasible 

for and are known by the decision maker. A choice set may be continuous, such as quantities in a 

commodity bundle, or discontinuous, as in the case of the discrete alternatives that are the focus 

of this study. Prekrences over alternatives are viewed as being determined by the attibutes and 

attribute values. For the case of homogenous continuous altematives, the attribute values reduce 

to qumtities, whereas for the case of heterogeneous discrete alternatives, each alternative is 

chancterized by its amibutes and the attribute values. 

As long as a choice must be made between two or more altematives. a decision rule is required in 

order to arrive at a unique solution. A decision nile based on utility is applied and utility is 

viewed as the measure of the attractiveness of a given alternative- This results in the formulation 

of a choicr process that is amenable to mathematical and statistical analysis. The assumed single 

valued nature of the objective function allows for compensatory offsets or trade-offs by the 

decision maker when comparing different attributes of altematives. As such, this implies that 

given a choice among alternatives with distinct utilities, the decision maker will select the 

alternative with the highest utility. Underlying this conclusion is the concept of a ntional decision 

maker. Rational behaviour in economic consumer theory refers to a decision maker with 

consistent and transitive preferences, such that under identical circumstances a choice will be 

repeated. 

4.1.2 Economic theory of consumer behavior 

Consumer theory allows us to translate assumptions about preferences for commodities or 

seMces into demand functions that depict the behavior of consumers in particular situations. The 

demand h t i o n s  provide an expression for the chosen optimal consurnption bundle, given 

constraints, and are generally viewed as Q = (ql. ... ..... q, pl. . .. . . . ..p, ml where 9,. ... .. . . .q~ are the 

quantities of each of the commodities and services, pl. ... ..-..pz are the prices of each of' the 
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commodities and services, m is the consumer's income. These quantities are generally assumed to 

be nonnegative continuous variables, but may also be discrete variables in the sense that 

consumption of one or more of the commodities may be zero, as discussed later. The demand 

fiuictions can be substituted into the utility function U(.) which is not observable, to obtain the 

indirect utility function Y(.) at the given pnce and income levels. In ernpirical applications, where 

the parameters of demand functions are estimated from data on different constuners, it is 

necessary to speci@ how utility fûnctions Vary among consumers apart fiom the effects of prices 

and income. This variation is due to preferences and socio-economic characteristics and these are 

thus incorporated into demand estimation. Random error ternis are also incorporated in estimation 

to account for the effect of unobserved influences and rneasurement error on predicted choices. 

4.1.3 Relevant extensions of consumer theory 

Although al1 commodities and services that an individuai or household consumes are related 

through the budget constraint, it is possible to impose restrictions on this dependence in a panial 

equilibrium context. Stroa (1975) proposed the concept of the utility tree that allows 

commodities to be grouped in branches with weakly seprirable utilities. This implies that the 

marginal utility of consurnption of items within one branch is independent of the marginal utility 

of consuming items in a second branch. This allows us to analyze one category of related goods 

in isolation from other goods (Moschini and Moro, 1993). Behavionlly, this represents a 

sequential or two-stage budgeting pmcess where initial allocations are made to the branches and 

in the second stage, allocations are made within branches. Therefore, the denved demand 

functions we consider ultimately only contain variables penaining to related commodities, those 

within the same bmnch of the utility tree (Deaton and Mullbauer, 1980). 

In conjunction with the proposition by Muth (1966) of commodities being purchased as inputs 

into a household production process with nonmarket goods as outputs, Lancaster proposes 

technical relationships between cornmodities and attributes and postulates that commodities and 

services are purchased for their attributes as inputs into household production. Becker (1965) 

adds the time constraint and extends utility maxirnization to encompass human activity 

incorporating the purchase of market goods and seMces and use of time and other amibutes such 

as comfort or safety (Ben-Akiva and Leman, 1985). Arising out of the work of Gorman (1956), 

Becker ( 1965) and Lancaster ( l966), is what is now termed household production theov whch 

provides a usehl approach to modeling household behavior. 



4.2 Household production theory 

4.2.1 Overview 

The typical srnaHhoIder f m  household is a producer and consumer of many commodities that 

are absorbed and cycled within the system to contribute to its overalI well-being and productivity. 

The household production hmework as proposed by Michael and Becker (1973) cited by Deaton 

and Mullbauer (1980), is adopted and applied as the underlying behavioral model. This theory 

views the household as both producer and consumer and accounts for the constraints on available 

time as welI as incorne and other resources as determinants of choice in the utility or welfare 

maximization problem. Singh et al (1986) applies the mode1 of Michael and Becker (1973) to 

household agricultural production. Cavendish (1997) reviews the approach of the household 

production mode1 approach in the context of Zimbabwean households' multiple resource uses in a 

dynamic and risky envimnment. His model is simplified by ignoring risk and dynamics and 

collapsing the rnodel into a static fom. A similar approach is adopted by Hatton MacDonald 

(1998) in the valuation of fuel wood resources using a site choice model of fuelwood collection. 

The simpler household production models assume independence of the household production and 

consumption decision. However, Hatton MacDonald (1 998) suggests that consumption decisions 

are influenced by production decisions, For exrmple through marketed surplus. 

4.2.2 Components of the household rnodel 

Following the approach of Deaton and Mullbauer (1980) we assume rveukly separable sub-utility 

functions for the various cornponents in the household economy in order to isoIate household 

production-consumption decisions for the dairy feed activity. Interaction tvith other househoid 

economy categories is considered only in ternis of the contribution to dairy feed activity. In this 

study, the choice of technology for dairy cattle Feeding is viewed as the household's resource 

allocation towards solution of a subset of the optimization problem. The components of the 

household's micro-economic model are the cost function, the resource budgets, and the utility 

fwiction that are related to its constrained optimization problem (Deaton and Muellbauer, 1980). 

4.2.3 The constrained optimization problem 

We assume that, in trying to maximize utility, the household allocates available resources subject 

to constraints to production and consumption activities in response to the returns from each 

activity given its associated risks (Luckert et al, 1997). The objective bc t ion  in this case is 

dehed  as the utility derived from adopting a given feed technology bundle for the daj. 
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enterprise. A constrained optimization problem can thus be postulated and first order conditions 

solved yielding demand relationships for each activity in the utility function. The demand 

Functions are a function of al1 pnces for production inputs and consumables, labor, income and 

production technology. The first order conditions indicate that utility is rnaximized when the ratio 

of marginal utilities for each pair of inputs into the utility function is equated to the ratio of the 

market pnces of those activities; the household stays within the budget constraints and operates 

on the production fiontier; the household produces the optimal combination of goods; and the 

household allocates variable factors efficiently amongst potential uses. The solution to this primal 

optimization problem yields demand tùnctions that can then be substituted into the original utility 

function to obtain the indirect utility function. 

4.3 Discrete choice and randoni utility theory 

43.1 Overview of discrete choice theory 

At any given point in time, the household must make a choice within the feasible choice set of 

feed technology bundles that are discrete alternatives. Discrete choice theory concerns suc h 

choice situations where the decision maker draws a choice tiom a non-empty set of mutually 

exclusive and collectively exhaustive alternatives and consumption of one or more cornmodities 

is required to be zero (Ben-Akiva and Leman, 1985). Due to the discrete nature of the aiternative 

comrnodity bundles. the solution to the househotd's primal optimization problem outlined in 

section 4.2.3 yields a corner solution. Consequently, an operational model consists of a 

panmeterized utility function in terms of observed independent variables and unknown 

parameters, and the values of the parameters estirnated fiom a sample of observed choices made 

by the decision makers. According to this theory, we expect that an alternative i, will be chosen 

over another j if the utility associated with i is greater than or equal to utility from the j 

alternative. This utility is a function of the cost of the alternative, its attributes and of the 

characteristics of the decision maker relative to preferences, perceptions and socio-economic 

environment. As such, revealed preference data on the variabIes collected through the formal 

survey can be used to speciQ the indirect utility function for the empirical model. 

43.2 The basis of the random utility model 

There is uncertainty conceming the precise level of utility arising fiom any given alternative, 

which suggests that a random component may be associated with the observed household choices 



(Ben-Akiva and Leman, 1985). The systematic component of utility is a function of observable 

attrï'butes of commodities and individuals, while the random component captures variations in 

choice due to within- and between-individual variance, omitted variables, measurement mors 

and imperfect information (Manski, 1973). There is, therefore, a need to apply probabilistic 

choice concepts, such as random utility models, to explain behavior (Train, 1986). In random 

utility theory, the expected utility of a good is viewed as a function of the attributes of the good. 

the relevant charactenstics of the decision maker and some randorn component. 

The choice of an alternative i is one of a finite set of alternatives in the household's choice set Cn, 

A rational household, n chooses an alternative i such that the utility obtained from i is greater than 

or equal to the utility derived from any other alternative j in the choice set Ca. This can be witten 

as follows: 

Given that we are uncertain about actual choice and utility of each alternative, we c m  express the 

randorn utility of an alternative as a sum of observable (systematic) and unobservable 

components as follows: 

Where Wh is person n's utility of choosing alternative i, VU is the systematic component of utility, 

and &in is a random component. Expression 4.1 can be re-written as follows: 

P,(iI C,) = P,[Vin + E, 2 Yi, + &,, , I f i  E C,] ..................................... (4.3) 

The random component is assumed to be independently and identicaily disaibuted ([ID) 

according to a partïcular probability distribution. The assumption of iID random enors results in 

a simple scaleable mode1 where the choice probability of an alternative i is oniy a fimction of the 

di fferences 

V' -Vjn.  j g i .  J E  Cn 



V, is assumed to have a linear fonn: 

where: .r, is a matrix of attributes of the alternative i influencing choice by the nth household and 

; f l  is a vector of coefficients for these attributes; x,, is a matrix of individual-specific 

characteristics of the household that may influence the choice of i: and q are vecton of 

coeficients of the individual-specific characteristic for each of the j alternatives. 

To derive a specific operational nndom utility mode1 (RüM), such as the multinomial logit or 

conditional logit model, an assumption must be made about the joint probability distribution of 

the full set of enor terms (Ben-Akiva and Lerman, 1985). This is discussed in the next section. 

4.4 The multirtomial choicc! model 

4.4.1 Overview 

The multinomial choice problem deals with the case whrre a single choice must be made tiom 

among two or more alternatives (Greene, 1997). as in this case with choice fiom four discrete 

feed technology alternatives. Multinomial discrete choice models have been widely applied in 

deveioped countnes to studies of ttavel mode of urban commuters (McFadden, 1974) and 

valuation of recreation sites (Carson, Hanneman and Wegge, 1989). Similar studies have been 

applied more recently in developing countries for example, in the valuation of beef carcass 

attributes by Kenyan butchers (Karugin, 1996) and the valuation of fuelwood collection sites by 

communal households in Zimbabwe (Hatton MacDonald, 1998). 

4.4.2 Specification of the multinomial logit model 

Assuming that the random error terms are IID with Weibull density hmctions and that their 

difference has a logistic distribution, Mcfadden (1 974) has shown that the conditional probability 

for choice of alternative i is: 



The choices in Our choice set are labeled 0.1. ...--.J and the estimated equations provide 

probabilities for the J + 1 choices for the decision maker with characteristics x. giving a, 
coefficient vectors of coefficients for each individual specifc characteristic (Greene, 1997). 

Because we define ai* = aj + q. meaning that for any vector q the resulting probabilities are 

identical since tenns involving q al1 &op out, the model is indeterminate. The problem of 

indeterminacy is solved by normalizing to assume that, for example = O. Mode1 estimation 

yields log odds ratios as probabilities of the likelihood of choice of each alternative relative to the 

normalized alternative (Greene, 1997). Equation 4.8 below describes the logarithrn of the 

likelihood of choosing technology i relative to technology j, the log odds ratio. 

The a, in this equation are vectors of the effects of variables in x,, on the likelihood ratio. The 

model in equation 4.8 implies that we can compute J log odds ratios given our J+I alternatives. 

The model is estimated by maximum likelihood techniques to generate consistent and efficient 

estimates of the parameten aj. 

4.4.4 Independence of Irrelevant Alternatives and the nested logit mode1 

The assumption of independence of inelevant alternatives (IIA) underlies the multinomial logit 

model. The UA assumption follows from the assumption that the disturbances are independent 

and homoskedastic and as such, the log odds ratio of any two alternatives is independent of the 

utilities of other alternatives (Greene, 1997). This assumption requires that the sources of emn 

contributing to the distubances must do so in such a way that the total disturbances are 

independent, otherwise the MNL will produce incorrect predictions of probabilities (Ben-Akiva 

and Leman, 1985). 



Chapter 5 - Explanators of Technology Choice: Models and 

This Chapter begins with a bnef outline of the mode1 postulated to explain choice. This is 

followed by discussion of hypothesized explanatory variables and a priori expectations of results. 

The final section presents and discusses the results of mode1 estimation and results of model 

simulation. 

The objective of this study is to explain adoption choices by smallholder dairy farmers faced with 

trade-offs between two feed sources. These are MPT fodder and purchased concentrates. These 

two feeds may be adopted in various combinations which are viewed here as compnsing a 

number of discrete feed technology bundles. The discrete feed technology bundles under 

considention for adoption and the short names by which these choices are designated in the 

model are: a) both M I T  fodder and concentrates (Both); b) Concentrates alone (Conc); c) MPT 

fodder alone (MPT); and neither MPT fodder nor concentrates (Neither). The adoption decision is 

thus anatyzed in a multinornial discrete choice fkamework. From the discussion in Section 4.3 on 

discrete choice modeling and random utility theory, we assume that a given feed technology 

bundIe i will be chosen if the utility gained fiom choosing i is greater than or equal to the utility 

gained nom choosing any other bundlej, with some random emr. 

It is assumed that the indirect utility tunction can be inferred fiom choices made by farmers. 

Consequently, it is hypothesized that the characteristics of the farmers are the explanatory 

variables of the indirect utility functions and the arguments of the multinomial choice models. 

Selection of variables that are hypothesized to be associated with feed technology adoption is 

guided by findings fkom PRA discussions, theory and the literature as discussed in Chapters 2, 3 

and 4. Generally, both economic and socio-economic variables are postulated to influence the 

feed technology adoption decisions. The variables postulated to explain choice and their summary 

statistics are presented in Tables 5.1 and 5.2 beIow for both the wet season and dry season. 



Table 5.1: Sample Statûtics for Hypothesized Explanatory Variables ( ~ 1 1 8 )  

Viariable T Y P ~  Definirion Mean S.D. Min Max 

Scale of dairy 
DARYHER 

E fïtciency 
MMDAR 

Cash availability 
DELIVY 

Income source 
MILKIST 

Land avsiilability 
MNDPRB 

MAIZTOT 

Labor availability 
ll/lAIZLAB 

bIPT Investment 
MPTAREA 

Management 
RECORDY 

LFAY 

Innovators and 
experience 
tMPT 1 ST 

Gender 
PRDSEXF 

Wealth 
HERDSIZE 

Continuous 

Continuous 

Continuous 

Binary 

Binary 

Binary 

Binary 

Continuous 

Continuous 

Continuous 

Binary 

Binary 

Continuous 

Continuous 

Binary 

Continuous 

Absolute number of dairy 
cows owned 
Number of dairy cows 
actualfy producing milk 

Ratio of cows in milk to 
dairy herd 

Farmer receiving cash 
income from dairy 

Dairy considered primary 
income source 
Crops considered p n m q  
income source 

feed problem due to 
grazing land shortage 
ratio of rnaize acreage to 
total land holding 

HH mernbers per acre of 
maize planted 

year fust planted MPT 
fodder 

farmer keeps records of 
activities/tnnsactions 
farmer attends dairy 
management meetings 

year fmt planted PulPT 
fodder 
year joined dairy 
association 

female HH member 
responsibIe for dairy 

total number of cattle heId 
(plus non-dairy) 

SCOTCHY Binary HH owns a scotch cart 0.47 0.50 O 1 
Footnote: S.D. = standard deviation; Min = minimum; Max = maximum 



TabIe 5.2: Sample Statistics for Hypothesized Explanatory Variables for the Dry season 

Variable TYP~ Definirion Mean SB. Min Max 

Scale of dairy 
DARYHER 

Cash availability 
DELIVY 

Wealth 
HERDSIZE 

Continuous Absolute number of dairy 
cows owaed 2.6 1 2.10 O 12 

Continuous Nurnber of chiry cows actually 
producing miIk 1-15 1.12 O 7 

Continuous Ratio of cows in milk to dairy 0.432 0.329 O 1 
herd 

B inary Farmer receiving cash income 0.337 0.477 O 1 
from daky 

Continuous Total number of cattle held 6.034 4.67 1 L 5 
) 

Footnote: S.D. = standard deviation; Min = minimum; Max = maximum 

5.2 Hypothesized Explanatory Variables and a priori Expectations 

The cl priori expectations of the effects of the hypothesized explanatory variables on feed 

technology choice are summarized in Table 5.3. 

5.2.1 Scale of dairy enterprise 

The variables DARYHER, indicating the total nurnber ofdairy cows, and MMILK, indicating the 

number of cows currently producing milk, are postulated to represent the scale of the dairy 

enterprise. In addition to representing the scale of the dairy operations, the presence of milking 

cows ([NMILK) is directly related to milk production for home consumption, marketing to 

neighbors and delivery to the milk collection center. Therefore, this variable can also be viewed 

as an indicator of income being received fiorn the dairy. According to Barlett (1984), larger dairy 

farms are better able to take advantage' of productivity-dancing technology. Although this 

observation was made in a developed country context, we expect that market oriented smallholder 

dairy f m e n  would exhibit the same trend. Thus it is hypothesized that larger da* enterprises 

are associated with dairy larmers who may be motivated to use feed t echno lo~  requiring cash 

expenditures, as for purchased concentrates, as well as the investment of land, labor. learning, 

tirne and effort for MPT fodder, 



5.2.2 Productivity - Technical Efficiency 

A primary factor thought to influence producers decisions to use a particular feed technology is 

the productivity or technical effciency of their daky herds or enterprises. In general the 

technologcal eficiency of dairy herd use is expected to be positively related to adoption of 

technology. It is hypothesized that adoption of technology will be represented by use of both 

purchased concentrates and MPT fodder. Zepeda (1994) reports productivity as being significant 

in explaining the amount of concentrate fed to dairy cattle by milk producers in California. 

Productivity may retlect human capital as well as physical capital. It can be viewed as a measure 

of the famier's management ability and reflects the adoption of panicular technologies (Zepeda, 

1994). Zepeda ( 1994) uses the total milk output per cow as a direct measure of productivity. For 

this study, data on milk output could not be elicited fiom each respondent due to incomplete 

records and limitations of the survey penod, thus an indirect rneasure of productivity is proposed. 

The indirect measure of productivity or technical eficiency that is proposed for this study is the 

ratio of cows in milk to the total number of dairy cows oivned (INMDAR). The ratio PMDAR 

should reflect successful breeding of cows to induce lactation (cvhich depends on timing of 

breeding and the breed of cow) and adequate feeding to ensure milk production. This ntio may 

also be a coping sûategy determined by sûategic management, by the farmer, of the number of 

producing cows at any given point in time relative to available feed and other resources. For the 

purpose of this analysis we assume that the ratio iNMDAR is detennined solely by the farmer's 

management, everything else equal. Therefore we hold the effects of cattle breed and fanner 

opportunistic strategies on the ntio MMDAR constant. The proxy measure is essentially a 

measure of the technical effkiency of the use of the dairy cow herd in terms of the proportion of 

the herd that is actually producing milk, relative to the total dairy herd, at a given point in time. 

5.2.3 Incorne sources 

The binary variable D U I W  indicates whether or not the farmer is currently receiving cash 

income from the dairy enterprise. A second binary variable is MILKIST. the importance stated 

by the h e r  of the dairy enterprise as a source of income. This binary variable is assigned a 

value of one for famers who indicated the dairy enterprise as their primary income source and 

zero otherwise. ïhese variables reflect the hypothesis that if milk income is being generated and 

is highly valued, this would be an incentive to use feed techniques that require czsh outlays or 

involve relatively high levels of investment of resounxs (land, labor, time). In a developed 

country setting, El-osta and Morehart (2000), conclude that specialized dairy famis are more 

Iikely to invest in yield-enhzming technologies that are specific to milk production. Assuming 
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that these results would extend to the rational agent in the developing country setting we expect 

the variables DELIVY and MILKiST to be negatively related to the use of the specified feed 

technology 'Neither'. Similady, the binary variable CROPIST, which is assigned a value of one 

for f m e r s  indicating crops as their primary income source, is expected to be negatively related 

to dairy feed technology bundles that require cash and committed resources. 

5.2.4 Management measures 

Record keeping may be associated with the desire to collect and analyze information on dairy 

enterprise activities such as dairy herd status, production output and input use. This information is 

useful in facilitating efficient management decisions on culling, breeding, tracking costs and 

revenues (Zepeda, 1994). The variable RECORDY, indicating that a farmer keeps records on the 

dairy enterprise. is assumed to indicate management ability and progressiveness. Therefore, we 

expect record keeping to be positively related to the use of feed technologies that rnay improve 

production efficient y. Consequently it is expected that record keeping wi Il be negatively related 

to use of 'Neither' concentrates nor MPT fodder. 

The binary variable LFAY, which is given a value of one for famers that participated in the 

quarterly Log Framework Analysis (LFA) workshops at the milk collection center, is postulated 

to indicate industry involvement. Industry involvement may indicate how receptive a farmer is to 

information and hidher motivation to irnprove the efficiency of the dairy enterprise. The 

assumption is that industry involvement reflects the extent to which the farmer seeks out 

information in the hope of improving effciency (Rogers and Sianfield, 1968). The purpose of 

these meetings is to enable the dairy association members and the DDP officers to rneasure 

performance of the dairy association as a whole. This is punued through recording and 

examining trends in production indicators such as areas grown to fodder crops, number of cows in 

milk, bulling activity and the quantity and quality of milk delivered to the center by month 

(ARDA, 1999). A positive response to attending the LFA meetings could indicate a positive 

inclination towards technology that potentially improves production and effciency. 

5.2.5 Resource constraints 

5-25. l LiquidiS) and credit 

Liquidity is reflected in the ability to purchase concentrates. This is directly linked to dairy 

revenue in particular, since credit is provided to f m  by the milk collection center, whereby 

concentrates are acquired and the cost of these is deducted kom the rnonthly cheque received as 
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payment for mik delivered to the center. Expenditure on concentrates is thus expected to be 

directly related to the presence of cows in milk, as Zepeda (1994) observed arnong California 

dairy farmen. Consequently, zero expenditure on purchased concentrates may not necessady 

indicate a liquidity constraint, but be due to the absence of the need to buy concentrates to feed 

non-producing cows. Ln addition, zero expenditure on purchased feeds may re nect substitution 

away Crom this cash-requinng feed input, to O t her livestock feed alternatives. These hypotheses 

will be tested and assessed by inclusion of the variable DELIVY, indicating wbther a farmer is 

cumntly receiving dairy income, as an argument in the model. A negative interaction between 

choice of feed technology incorporating purchased concentrates and D E L I W  could indicate 

substitution away fiom the purchased feeds or a liquidity constraint. 

5.2.5.2 Labor avaihbiiity 

Family size is proposed as a proxy measure for potential labor availability. The wet season is the 

peak cropping season and the time period when labor demands for the staple maize crop are high. 

The variable MAIZLAB is a ratio of household size to acres planted to maize. This indicates 

number of persons potentially available per acre planted to the staple crop. This variable is 

included as a proxy for wet season labor constraints. Higher values for MAlZLAB will indicate 

relatively low wet season labor constraints. We expect that labor constmined households will not 

employ labor-using technologies (Feder, Iust and Zilberman, 1985), such as MPT fodder, 

preferring relatively labor-swing pnctices, such as purchased concentrates in the wet season. On 

the other hand labor constrained farmers may not necessarily use more purchased concentrates or 

hired labor because of liquidity constraints or if a low value is placed on the dairy enterprise. 

52.5.3 Land availabiii~ 

The binary variable LANDPRBY is assigned a value of one for farmers that stated that thry tàced 

a feed resource problem because of a shonage of communal gazing land. [nadequate access to 

communal grazing is expected to be positively related to the use of feed technology alternatives 

that are potential substitutes to land availability. The variable MAiZTOT, measuring the 

proportion of total land held by the f m e r  that is planted to the staple maize crop, is also 

posnilated as a proxy to indicate a land constraint. A higher value of MAiZTOT suggests that the 

f m i n g  household has iimited land to allocate to other crops, such as MPT fodder, after 

satisfjmg requirements for the maize staple. MAIZTOT is thus expected to be negatively related 

to use of MPT fodder. Various forms of land constraints have been cited by authors including 



Rogers and Stanfield (1968) and Feder, Just and Zilberman (1985) as impediments to 

tectuiologica 1 adoption. 

5.2.6 MPT Investment 

The area planted to MPT fodder is used as an indicator of the level of investment that farmers 

have made in production of MPT fodder. The dependent variable is binary and thus indicates 

whether any MPT fodder was used or not by a farmer, whereas the variable MPTAREA gives an 

indication of potential extent of use of MPT t'odder. The variable MPTAREA is postulated to be 

particularly important for the dry season since the ability to carry MPT fodder through to the dry 

season is largely dependent on the f m i n g  household's ability to harvest and store excess fodder. 

Consequently, it is expected that farmers with larger areas planted to MPT fodder are likely to be 

using this feed source in their dry season ked technology bundle. 

5.2.7 Innovation and experience 

The variable MPTlST. indicating the year that the farmer tint planted MPT fodder banks, is 

postulated ro retlect the extent to which individual farmers are innovators or early adopters 

(Rogers and Shoemaker, 1971). Early planting of MPT fodder pastures may also indicate 

experience, reflecting a previous learning c w e  for the activity. Experience can be viewed as a 

fom of human capital that results fiom the investment of time and effort in developing and using 

a technology. This is generally expected to have a positive etTect on adoption (Nelson and Phelps, 

1966, Rogers and Shoemaker, 1968; Zepeda, 1994). Another proxy measure of experience is the 

variable JOiNDAR, indicating the year that the f m e r  joined the dairy association. We expect 

later dates of MPT planting and later dates when the f m e r  joined the dairy scheme to be 

negatively related to a choice of feed technology that incorporates MPT fodder. However, it was 

observed that the majonty of sampled farmers may have undertaken an initial planting of MPT 

fodder but have since abandoned this crop. Consequently, for such farmers, MPT fodder does not 

necessarily appear in the chosen feed technology bundle. Thus, a positive relationship between 

later dates of initial MPT planting and the current use of MET fodder may also indicate that 

earlier growers abandoned this technology for some reason. 

5.2.8 Wealth and risk management 

Wealth is postulated to influence technology adoption (Feder et al, 1985). Wealth or profit 

accumulation is postdated to be measured by the proxy variables HERDSIZE, measuring total 

number of cattle owned and the binas, variable SCOTCHY, which is assigned a value of one if 
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the farmer owns an ox-drawn cart. Cattle and scotch-carts both represent capital investments that 

arise h accumulated wealth. We expect that relatively wealthy farmers rnay be able to afford 

purchased concentrates. 

It is possible that wealthy b e r s  exhibit less risk aversion and are more willing to allocate some 

land to MPT fodder production. Thus, wealth is expected to be positively related to the use of 

concentrates and the use of both concentrates and MPT fodder. Wealth or profit accumulation 

indicators, such as size of cattle herd and scotch cart ownership, rnay be proxies for the ability to 

absorb risk. Caveness and Kurtz (1993) showed that in Senegal, wealth and income security were 

related to farmen' risk perceptions, where fam size and value of production were used as proxy 

measures of wealth stanis of fmers .  Ability to assess risk, and the opportunities for reducing 

subjective risks associated with new technology, rnay also be associated with education. access to 

information and industry involvement. Therefore, we expect that greater access to information, 

industry involvement (LFAY) and better education will be positively related to use of the 

relatively new technology of MPT fodder. 

5.2.9 Gender 

The gender of the household mernber responsible for the dairy enterprise is postulated to affect 

technology choice. The binary variable PRDSEXF, which is assigned a value of one if a fernale 

household member is responsible for the dairy enterprise, is a proxy indicator for gender efkcts 

on feed technology choice. Women opente under various social and institutional constraints in 

Ahican agriculture (Muchena, 1994). These rnay affect the accessibility of land for MPT fodder 

Pasture as weil as affecting access to cash or credit to purchase concentmtes. We expect that 

female-headed households rnay not use concentmtes due to cash constraints, favoring MPT 

fodder that uses land and labor. We also expect that women responsible for the dairy enterprise in 

male-headed households might not use purchased concentrates if they lack control over allocation 

of cash. Similarly, they rnay also not grow MET fodder because they lack control over allocation 

of land to the different crop plants. The sign on the estimated coefficient for this variable will, if 

signifiant, shed Iight on these alternate possibilities. 



Table 5.3: Expected Direction of Effect of Hypothesized Explanatory Variables 

Survq Erpectarr'on for 
Variable Type Definition Both Conc Mpt Neither 

Scale of dairy 
DARYHER 

Efficiency 
iNMDAR 

Income source 
MILK 1 ST 

CROPlST 

Cash availability 
DELtVY 

Land availability 
LANDPRB 

Labor availability 
MAIZLAB 

b1PT Investment 
MPTAREA 

Management 
RECORDY 

LFAY 

innovators and 
experience 
iMPT1ST 

Gender 
PRDSEXF 

SCOTCHY 

Continiious 

Continuous 

Continuous 

Binary 

Binary 

Binary 

Binary 

Continuous 

Continuous 

Continuous 

Binary 

Binary 

Continuous 

Continuous 

B i n q  

Contiauous 

Binary 

Absolute number of dairy 
cows owned 
Number of dairy cows 
actually producing milk 

Ratio of cows in milk to 
dairy herd 

Dairy considered primuy 
incorne source 
Crops considered primary 
income source 

Farmer receiving cash 
income from dairy 

Feed problem due to 
gming land shortage 
ratio of maize acreage to 
total land holding 

HH members per acre of 
maize planted 

Area planted to MPT 
fodder 

fanner keeps records of 
activities/transactions 
farmer attended last 
management meeting 

Yeat first pianted MPT 
fodder 
year joined dairy 
association 

femaie KH member 
responsïble for hiry 

total nurnber of cattle held 
(plus non-da*) 
HH owm a scotch cart 
(ox-dmvn car0 

Footnote: Both = both MPT fodder and purchased concentrates; Conc = purcbed concentrates only; MPT 
= MPT fodder onIy; Neither = neither MPT fodder aor purchased concenmtes used. 



5.3 Multinomial logit ntodel specification and results 

In the rnultinomial logit models postulated, technology choice is assumed to be dependent on a 

set of individual-speci fic (respondent-specific) variables. The models and results for wet and dry 

seasons are considered separately because of the effect on feed technology choice of seasonal 

factors as discussed in Section 3.4.2. These factors include seasonal variation in the qualitative 

and quantitative availability of the various feeds, scale of dary enterprise, efficiency of use of 

dairy herd and resource availability, al1 of which are expected to influence choice of feed 

technology . 

For estimation of the multinomial logit model in the log odds ratio fom as presented in equation 

4.8 (Section 4.4.3). a reference choice category is assumed. The 'Neither' technology bundle 

reflecting the decision of no technological adoption is assumed as the reference technology in this 

case. The estimated coelficients aj for al1 j O=I. .....a, aRer norrnalizing the 'Neither' alternative 

j=O, measure the effect of the explanatory variables in the indirect utility function on the 

likelihood of choosing technology i relative to the 'neither' option j. 

5.3.1 Wet season MNL models specification and results 

The indirect utility (q,J function for an individual household n of a feed technology alternative is 

specifred as follows for the wet season. 

Model W1 for wet season feed technology choice: 

h,, = G~ + G~~JN~CIDAR + a? ,MPTIST + aJiCROP IST + dtjJOliVDAR + ajlHERDF 

+ a6&1mTOT +u,;ANDPRB + @DAR YHER + aOJ4?VMILK +a,&ELiVY + 

al/ , M ' B  + a12&fPTAREA +nlJiRECORDY + al, JFA Y + a,#RDSEXF 

+ ald,SCOTCHY + 4 ,,..... ..... . . . ... . ..... ... . .. . . . . .. . .-. ..... .... .. .... .. ... .... (5.1) 

where, ai denote vectors of coefficients of the explanatory variables for each of the i feed 

technology bundles (i=I,2,..,4). 

The MNL Model W1 tested on the data for the wet season was estimated using rn~xirnum 

likelihood methods using the economeaics software Lirndep Version 7.0 (Greene, 1994). The 

variable MILKIST is not inchded in this model because initial analysis revealed that this 
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variable exactiy identified the dependent variable, thus causing problems of collinearity. The 

estimated results for Model W1 are presented in Appendix 1. The model results indicate 75.4% 

correct predictions, an R-square of 0.50 and a Iikelihood function of -68.1 8. However, only seven 

of the estunated coefficients on the sixteen variables are significant at the 90 percent significance 

level. The significant variables are LNMDAR, CROP 1 ST, MPTAREA, MAIZL,AB, SCOTCHY, 

LANDPiU3, MPTIST. Consequently, a reduced version of Model WZ was assessed for wet 

season feed technology choice with seven variables found to be significant in the assessrnent of 

Model W 1. The objective is to investigate the effects of these variables and whether there may be 

any difference in the magnitude of estimates or in model explanatory power. 

The reduced MNL model version, Model W2 for wet season tèed technology choices is specified 

as follows: 

= a, + a,&iPTIST + Q~~CROPIST + QJNMDAR + a,,L.4NDPRB 

+ L Z ~ , A ~ . ~ I Z L ~ ~  B + TA REA + a7,SC0TCHY + . . . . . . . . . . . . . . . . . . . . .(5.2) 

An additional reduced version, MNL Model W3 is analyzed fiom variables found significant in 

model W2 as a means to assess the sçnsitivity or robustness of the cstimates. 

Models W2 and W3 were estimated by maximum Iikelihood methods using the econometrics 

s o h a r e  Limdep Version 7.0 (Greene, 1994). The results of the estimation of these models, 

giving the choice probabilities at the means, the estimated coefficients, and the t-statistics, for the 

Models W2 and W3 are presented in Table 5.4a below. The marginal effects, calculated as 

partial denvatives of the utility functions for choice of each feed technology, are generated by 

Limdep and are presented in Table 5.4b below. 



Table 5.42~: Estimated coefficients for MNL wet season feed technology choice 

Modet W2 Model W3 
Variable Both Cone Mpt NeMt Both Cone Mpl Neith 

W 6 7  n=2O n=I3 n=18 N=67 n=20 n=I3 n=18 
Choice probabilities 0.769 0.087 0.087 0.057 0.745 0.095 0.09 1 0.069 
CONSTANT 

MPT 1 ST 

CROP l ST 

iNMDAR 

LANDPRB 

MAIZLAB 

MPTAREA 

SCOTCHY 

Correct Prediction 94.0% 65% 7.7% 55.5% 92.5% 65% 0% 55.5% 
Mode1 73.7% 72.0% 

Loa Iikelihood -85329 -89.332 
101.22 (21df)  test chi-~q. 93.21 (15 df') 

Model R-square 0.343 

Footnotes: t-statistics in p~enthescs: a = significmt at 99%; b = significant at 95%: c = si~nificuit ;it 90% lcvel 

Table 5.4b: Estimated marginal effects for MNL wet season feed technology choice 

Modd W2 ModeL IV3 
VariabLe Bofh Conc Mpt NeitIt Both Conc Mpt NeitIz 

N=67 n=20 n=Ï3 n=18 N=67 n=20 n=13 n=28 
CONSTANT 0.821 -0.687 O. 124 -0.259 0.791 -0.741 O. 128 -0.178 

Footnotes: t-sotistics in parnithaes. a = significant at 99%; b = signifiant at 95%; c = significant a 90% IeveI 
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5.3.2 Dry Season MNL Model Specification and Resuits 

The indirect utility (V*) hction,  to an individual household n of feed techology ahnatives 

1= 1, ... 4 is specified as follows for the dry season. 

where ai denote vectors of coefficients of the explanatory variables for each of the i feed 

technology bundles. 

The MNL mode1 Dl was estimated using maximum likelihood methods using the econometrics 

software Limdep Version 7.0 (Greene, 1994). The variables MILKlST and LFAY are not 

included in this model because of the problem of collinearity with the inclusion OF variable 

MILKlST and the problem of singulanty with inclusion of LFAY. The variable MMZLAB is 

not included in the dry season mode! as this is an indicator of labor availability in the wet season. 

which is the peak cropping season. 

The estimated results For Model DI are presented in Appendix B. The model results indicate 

73.7% correct predictions, an R-square of 0.56, and a log likelihood function of -62.25. Only hvo 

variable marginal effects were significant at 90 percent level or bener. Therefore. using a cut-off 

point of 80 percent significance level the following seven variables were found significant: 

MMILK, CROPIST, MPTIST, MPTAREA, HERDF, DARYHER and RECORDY. These 

variables found significant nt the 80 percent level in Model Dl are then postulated in a reduced 

Model D2 that is then assessed for dry season feed technology choice. The objective is to 

investigate the effects of these variables and whether there may be any difference in the 

magnitude of estimates or in model explanatory power. 

Model D2 for dry season feed technology choice is specified as follows: 

VùI = ai + ar&VUILK + iCROPIST + aJflPTIST +QJ@TAREA 

+ a5flERDF + a6PAR YHER + &tECORD Y + &. . . . . . . . . . . . .... . . .. RD . . . . . ..(5S) 
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Another reduced MNL mode1 version Model D3, is specified and analyzed from variables found 

to have significant marginal effects in Model D2 for dry season feed technology choice. This 

enables assessrnent of the sensitivity or robustness of the estirnated coefficients. 

The specification of Model D3 for dry season feed choice is as follows; 

Models D2 and D3 were estimated by maximum likelihood methods using the econometrics 

sofiware Lirndep Version 7.0 (Greene, 1994). The results of the estimation of these models. 

giving the choice probabilities at the means, the estimated coefticients. and the t-statistics, for the 

Models D2 and D3 are presented in Table 5.5a below. 

Table 5.5a: Estimrted coefficients for MNL dry season feed technology choice 

ikfodei W2 Modd WS 
Variable Both Conc Mpt Neiih Botii Conc Mpt Ndth 

n=58 n=33 n=I2 n=IS n=58 N=33 n=12 n=IS 
Choice 0.768 0.22 1 0.009 0.002 0.739 0.232 0.021 0.007 
probabilities 
CONSTANT 

W I L K  

CROP 1 ST 

MPTt ST 

1MPTAREA 

HERDF 

DARYHER 

RECORDY 
(1.625) ( 1.5 11) (0.052) 

Correct Prediction 81.0% 57.6% 66.7% 55.5 81.0% 51.5% 50.0% 80.0% 
Model 71.2% % 69.5% 

Log iikelihood -76.77.3 -82.23 6 
LR test Chi-sq. 129.67 (2 ldf) 118.75 (15 df) 
Mode1 R-square 0.458 0.419 
Footnotes: t-statistics in parentheses; a = significant at 99%; b = significant at 95%; c = signifimt at 90% b e l  



The marginal effects, calculated as partial derivatives of the utility fùnctions for choice of each 

feed technology, are generated by Limdep and are presented in Table 5.5b below. 

Table SSb: Estimated marginal effects for MNL dry season feed technology choice 
Model W2 Mode[ W3 

Variable Both Conc Mpt Neith Both Conc Mpt Neith 
n=58 n=33 n=12 n=15 n=58 s=33 n=12 n=IS 

CONSTANT 0.957 - 1.006 0.046 0.003 0.936 -0.996 0.059 0.018 

CROPlST 0.4 15 -0.4 t 7 -0.007 0.009 0.330 -0.348 -0.001 0.019 
( 1 -930)b (-1.953)~ (-0.590) (0.668) (1 S94) (-1.674)~ (-0.037) (0.867) 

HERDF -0.009 0.052 -0.037 -0.005 
(-0.076) (O. 456) (- 1 .O84) (-0.640) 

DARYHER 0.068 -0.06 I -0.005 -0.002 0.066 -0.05 1 -0.0 1 1 -0.004 
( 1.733)~ (- 1.58 1) (-0.826) (0.474) (1.733)~ (-1 .387) (-0.942) (0.4 13) 

RECORDY 0.022 -0,022 0.006 -0.006 
(0.2 13) (-0.2 18) (0.642) (0.587) 

Footnotes: t-statistics in parentheses; a = significant at 99%; b = significant at 95%; c = significant at 90% level 

5.4 Disctasiort of Results 

5.4.1 Choice probabilities for the wet and dry season feed technology choice 

In general, both Model W2, tested on wet season data and Model D2, tested on dry season data, 

perform reasonably well (see Tables 5.4a and SSa). Correct predictions for the wet season Model 

WZ are 73.7 percent and for the dry season Model D2, correct predictions are 71.2 percent. The 

likelihood ratio test statistic for the overall significance of coeficients in explaining choice is 

significant for both the wet and dry season. Model R-squares are above 0.37, which is high for 

this type of model. 

The results fiom Model W2 and D2 show that both MPT fodder and purchased concentrates (the 

'Both' technology bundle) are most likely to be w d  in both the wet and dry season. The 

probability of choice of the 'Both' technology is just over 76 percent for both seasons. This 

indicates that MPT fodder and purchased concentrates are more likely to be used as complements 

rather than having become substitutes. During the dry season a markedly higher probability of 

using pmhased concentrates alone (the 'Conc' technology alternative) is observed. This is 22.1 
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percent, compared to 8.7 percent in the wet season. This result is consistent with the general 

expectation of reduced use of purchased concentrates in the wet season, due to the availability of 

natural plant-based feeds in that season. These are fiom communal grazing and woodland areas, 

grass and legume pastures as well as MPT fodder pastures. The qualitative and quantitative 

availability of these forages and of browse increases significantly with the rains. The probability 

of use of 'MPT alone' is higher in the wet season, at 8.7 percent, compared to ri probability of 

choice of 0.9 percent in the dry season. The reduced probability of use of MPT alone in the dry 

season may reflect the fact that new MPT fodder leaves are constantly growing in the rainy 

season resulting in increased browse availability during the wet season. In contrast, dry season 

access to MPT fodder largely depends on storage of surplus h m  the wet season since there is 

limited leaf growth once nins have stopped. The probability of using neither MPT fodder nor 

purchased concentrates (the 'Neither' akemative) is higher in the wet season, at 5.7 percent, 

compared to 0.2 percent in the dry season. This could be associated reduced activity in the dairy 

enterprise dunng the peak cropping period (wet season) when cropping activity may be more 

highly valued and when Iabor dernands for crops are highest. 

5.4.2 Estimated coefficients and marginal effects €or the wet and dry seasons 

A positive and significant estimated coefficient implies that the values of the explanatory 

variables that are observed in the sample are positively associated with choice of the ked 

technology category, relative to the choice of the category 'Nei thrr' . The estimated marginal 

effects indicate the effect of a unit change in the value of a gwen explanatory variable on the 

choice pmbability of each technology bundle. The results depict heterogeneity across feed 

technology adoption categories and by season. That is, the explanatory variables have a different 

effect on probability of choice for each feed technology alternative and also in each season. In 

general, the estimated coeffkients and the calculated marginal effects are consistent with the 

expectations for both the wet season and the dry season as outlined in Section 5.2. 

The ratio of cows actually producing milk to the total number of dairy cows owned (INMDAR), 

was postulated as an indicator of productivity or technical efficiency of the dairy operator. 

MMDAR is significant and positively associated with use of both MPT fodder and purchased 

concentrates (category 'Both') and with use of purchased concentrates alone ('Conc'), reIative to 

using neither of these in the wet season (set results of Mode1 W2 in Tables 5.4a and b). The 

marginal effect of the ratio iNMDAR on choice is significant and positive for the categories 

'Both' and 'Conc' and significant and negative on choice of 'MPT' alone and the category 
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'Neither'. Thus the ratio of currently producing cows is significantly and positively associated 

with the purchase of concentrates as feeds. This is as expected, as discussed in Section 5.2, since 

the presence of miIk producing cows implies that income is being generated. This source of 

income may be associated with liquidity and access to credit as weIl as with willingness to incur 

cash expenditures on àairy feeds. The negative and significant marginal effect for choice of MPT 

fodder alone (MPT) suggests that technical efficiency or dairy enterprise productivity is not 

associated with use of MPT fodder alone, but that this is seen in combination with purchased 

concentrates, 

As indicated in Table 5.5a for the dry season, the absolute number of cows producing milk 

(MMILK), is signiticant and positively relared to the choice of both MPT fodder and purchased 

concentrates (Both) as well as being positively related to choice of purchased concentrates (Conc) 

alone. The presence of milk producing cows provides income that contributes to liquidity and 

rnay induce increaçed cash expendinire on dairy feeds with the prospects of greater retums from 

milk production. The coefficient on the total number of dairy cows owned (DARYHER), is 

insignificant in explaining choice, but the marginal effect of the total number of dairy cows 

owned (DARYHER) is signiticant and positively related to use of the category 'Both' (Table 

5.5b). The marginal effect of the number of cows producing milk (MMILK) is significant and 

negatively related to use of 'Both', suggesting that even though a larger scale of dairy enterprise 

induces use of 'Both', a greater number of cows producing milk does not. The positive significant 

effect of the number of producing cows on the choice of purchased concentrates alone (Conc) 

reinforces this observation, by indicating that an increase in the number of producing cows will 

induce use of 'Conc'. This can be explained by the income generation associated with cows 

producing milk which warrants expenditures on commercial feeds for milking cows to increase 

revenue. 

The pattern observed in the estimated coefficients and marginal effects for MMDAR, MMILK 

and DARYHER is as expected since the ability to employ the cash requiring purchased 

concentrates may be directly related to income generation fiom milk produced. Similarly, Zepeda 

(1994) reports dairy cow pmductivity as being significant in explaining the amount of concentrate 

fed to dairy cattle by milk producers m California. The effects of [NMILK and DARYHER on 

the choice of MF' fodder alone (MIT) are insignificant, suggesting that hrIPT fodder alone may 

be a feed resource used, regardless of productivity, as a dairy animal maintenance feed. 



From the discussion in Section 3.4 of the da@ cow feed requirements and overview of acnial 

feeding practices by Chikwaka farmers, it appears that purchased concentrates and MPT fodder 

are used as the sources of dietary m d e  protein (CP). This is because the main challenge in 

provision of adequate feed is in meeting the animal's dietary requirements for crude protein (CP) 

and the two feeds, MPT fodder trees and purchased concentrates are the only reliable sources for 

adequate levels of crude protein (CP). This suggests an expectation that farmers would use MPT 

fodder as the main source of CP in dairy animals' diet thus saving cash expenditures on 

purchased feeds. However. for those farmers growing MPT fodder trees, there appear to be 

limitations to such use because of limited total MPT fodder output. as detemined by area planted 

and yields as determined by agronomic and management constraints and expenence with growing 

the trees. This could explain the observed results that technically efficient farmers are more likely 

to use purchased concentrates alone or to use both purchased concentrates and MPT fodder in 

their feed technology bundle, as opposed to using MPT fodder alone which arguably may be 

higher quality feed in terms of crude protein content. Dry season use of MPT fodder may be 

further limited by the reduced CP content of dned fodder. cornpared to fresh fodder in the wet 

season. 

F m e n  who indicated that their field crops are their primary income source are less likely to 

choose any of the three technology bundles relative to the 'Neither' option. The variable 

CROPIST. indicating that nop income is the primary source of cash income, is significant and 

negativrly related to choice of al1 dairy cattle feed technology bundles for both the wet and dry 

semons. This variable accords with expectations, based on the reasoning that more specialized 

dairy production f m ,  are more likely to use investments to obtain yield-enhancing technologies 

that are specific to milk production (El-Osta and Morehart, 2000), whereas this was not expected 

for crop-specialized f m s .  Thus the nature of f m  specialization or profit expectation from crops 

may play important roles in use of feed technology bundles incorponting MPT fodder andlor 

purchased concentrates. From the dry season mode1 results, the marginal effect of changing from 

a situation where crops are the primary cash income source, to a situation where crops are not the 

primary cash income source, is to increase significantly the probability of using both MPT fodder 

and purchased concentrates. This suggests that if crops are a secondary source of income, there is 

motivation for increased expenditure of cash and other resources, such as land and labor, on the 

dairy enterprise. The change in importance of crop income however, is significant and negatively 

related to use of purchased concentrates alone, suggesting that specialization in dairy yield- 

enhancing technology does not necessarily follow. The marginal effect of a change nom crops as 
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the pnmary income source are insignificant for the wet season model. This may possibly reflect 

the feature that this is the peak cropping period when crop incorne is for-seeable as compared to 

the dry season. 

Farmen that started planting MPT fodder trees in later years are less likely to use both MPT 

fodder and purchased concentrates (Both) and these farmers are also less Iikely to use MPT 

fodder alone (MPT), as shown by the significant negative estimated coefficients on the variable 

MPTIST. Conwnely, MPTlST is positively related to the use of 'Conc' alone. relative to the 

category 'Neither'. This observation is true for both the wet and the dry season rnodels. An earlier 

date for the fint planting of MPT fodder rnay suggest experience acquired with this relatively 

new technology, available since 1994, which may reflect a learning curve. We assume therefore 

that earlier first planting fumishes the farmer with geater human capital in the fom of 

experience from the tirne and effort invested in developing and using the MPT fodder technology 

(Nelson and Phelps, 1966). This expenence is expected to affect the ability to harvest MPT 

fodder for use in the wet season, and on the ability to cany-over excess MPT fodder to store for 

use in the dry season. The marginal effects of increasing the year of first planting (in other words, 

the marginal effect of reducing the yean of experience with MPT fodder trees by a farmer) yields 

similar conclusions. The probability of using MPT fodder decreases with less experience and the 

probability of using purchased concentrates increases with less experience with growing the 

fodder trees. The results are consistent with expectations for both the wet and dry season models, 

since it is apparent from the results that less experienced farmers will not use MPT fodder and 

will use purchased concentrates. 

As discussed in Section 3.4, on-station research by Dzowela (1997) on MPT fodder shows that 

factors like timing of cutting of fodder trees for harvest affects yields and re-growth in the dry 

season. Such information rnay probably only be obtained and utilized by the individual farmer 

aRer years of experience with growing and hôrvesting the MPT fodder, thus illustrating the 

importance of experience. Dissemination of the muits of on-station research is, however 

important, in bndging the learning c w e  gap. 

The area planted to MPT fodder, measured by the variable MPTAREA, reflects the level of 

investment in MPT fodder trees. The area planted to MPT is positively and significantly related to 

choice of al1 technology bundles iricorporating MPT fodder, (bat is, the 'Both' and the 'MPT' 

categones), relative to the category 'Neither'. The marginal effect of an increase in the ara 
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planted to MPT fodder is to increase the probability of using both MPT fodder and purchased 

concentrates (Both) and to reduce the probability of using 'Neither' significantly in the wet 

season (Model W2). in the dry season Model D2, increasing the MPTAREA significantly 

increases the probability of using both MPT fodder and purchased concentrates (Both). This 

increase in MPT area also reduces the probability of choosing purchased concentrates alone 

(Conc). The significant negative marginal effect of increased MPTAREA on the probability of 

choosing 'Conc' suggests that greater areas planted to MPT fodder may substitute for the use of 

purc hased concentrates. 

These results are consistent with expectations since the ability to use MPT fodder in both the wet 

and the dry season is directly linked to fodder outputs, for which area planted may be considered 

a proxy. The calculated mean area planted to MPT fodder trees by farmen in this sample is 0.248 

acres (0.105 hectares). Average yields of 0.93 tons per hectare were observed, for al1 MPT 

species grown, among eight f m e r s  who participated in o n - f m  trials with KRAF in Chikwaka 

since 1994 (Burgers, DzoweIa and Franzei, 1997). Applying the calculations of Burgers et al 

(1997). as outlined in Section 3.4.2.5, for the farmers in this sample with an average of 0.105 

hectares MPTAREA, MPT fodder yields would be expected to provide supplementation for one 

dairy cow for about 33 days only. Thus it is not surprising that MPT fodder output rnay be 

insufficient to substitute for the use of purchased concentntes as a high protein feed. For this to 

be the case. area planted would need to be expanded or higher yielding species grown dong with 

improved management. 

The durnmy variable LANDPRB, indicating a grazing land constraint, is hypothesized to explain 

wet season ked technology choice (Model W2). The marginal ef'fect meaures the effect on 

choice pmbabilities of changing from a situation where a grazing land constraint is cited to one 

where grazing Iand is not a constraint. The results show that the absence of a grazing Iand 

constraint results in a significantly reduced pmbability of using purchased concentrates alone. 

This is likely because purchased concentrates are used as a feed resource to substitute for 

shortage of grazing. The marginal elTect is also significant in increasing the pmbability of using 

both W T  fodder and purchased concentrates. This is an unexpected result since use of these 

alternatives is pomilated to substitute for the shortage of @ng land as a feed resource. 

The postulated wealth indicators are the total number of cattle owned (HERDF), for Model D2 

tested on dry season data, and the ownership of an ox-drawn scotch-cart (SCûTClW) for Model 
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W2 which is tested on wet season data. HERDF is insignificant in explaining choice of feed 

technology in the dry season. This is in contrast to expectations that wealth wouId be positively 

related to use of investment requiruig feed sources such as purchased concentrates requiring cash 

and MPT fodder requinng land and labor. HERDSIZE is, however, insignificant in explaining 

wet season feed technology choice). The marginal effect of SCOTCHY on the probability of 

choosing purchased concentrates alone is insignificant. 

Management ability as measured by the variable RECORDY, indicating that the f m e r  keeps 

records on the dairy enterprise, is insignificant in explaining dry season feed technology choice. 

This contradicts expectations since we had expected that tàrmers exhibiting management ability, 

reflected in record keeping, may be motivated to collect and analyze information on the dairy 

enterprise with the aim of facilitating efficient decisions, and that this motivation could be 

reflected in the choice feed technology. 

The ratio of household size to area planted to the staple maize crop (MAiZLAB in people per 

acre) was postulated as a relative indicator of wet season labor availability. The higher the value 

of MAIZLAB, the greater the number of people a given f m i n g  household has potentially 

available to work per acre of maize crop. The results in Table 5.4a for model W2 tested on data 

for the wet season indicate, with statistical significance, that higher labor availability is negatively 

related to choice of the feed technology category 'Neither', where neither MPT fodder nor 

purchased concentrates are used. This result is consistent with expectations. However, the 

marginal effect of an increase in MAIZLAB is insignificant. 

5.4.3 Sensitivity and robustness of estimates for both the wet and dry seasons 

The objective of estimating reduced models is to assess the robustness of the estimates for 

variables found to be significant explanators for wet and dry season choice. The reduced model 

thus provides a sensi tivity test for the estirnates. 

The reduced rnodels perform well, with correct predictions above 69%, R-squared above 0.34 and 

signi ficant likeli hood ratio test statistics. The estimated coefficients and marginal e ffect estimates 

are again significant and have the same signs and similar magnitudes to the results obsenred in 

Mode1 W2 for wet season and Mode1 D2 for the dry season. These estimates suggest that the 

postulateci models are robust. 



5.5 Model simulation and results 

Followhg the approach of El-Osta and Morehart (2000), calculated means of the explanatory 

variables and the estimated coefficients of the multinomial logit models are used to simulate the 

effect of changes in the continuous variables (MMDAR, MMLLK, MPTlST and MPTAREA) on 

the probability of choice of each feed technology bundle. The indirect utility functions are 

calculated using equation 5.2 for Model W2, tested on data for the wet season and equation 5.5 

for Model D2, tested on data for the dry season. Figures 5.1 (a to c) to 5.2 (a to c) below present 

simulated probability results for the wet season and the dry season feed technology choices 

respectively. 

Simulating changes in the variable M M D A R  indicates the effects on the probability of choosing 

a given feed technology bundle, of changes in the ntio of cows actually producing milk to the 

total dairy herd. A change in the value of INMDAR reflects changes in rfficiency, with the upper 

limit being a ntio of one, when al1 dairy cows owned are producing milk. The variable MMDAR 

is included in the indirect utility function for feed technology choice in the wet season and is thus 

simulated for this season only. The calculated smple mean for the ratio NMDAR is 0.39. Values 

of INMDAR used for simulation range fiom zero to one. For the dry season. changes in the 

variable MMILK, which measures the absolute number of dairy cows that are producing milk, 

are used to simulate the effect of an increase in the absolute number of producing cows on feed 

technology choice. The variable iNMILK is in the dry season utility function for feed technology 

choice. The calculated sample mean for iNMiLK is 1.178. Values of MMILK used in simulation 

nnge fiom zero to three cows. 

The variable MPTtST indicates the year in which farmers undertook initial planting of MPT 

fodder trees. Simulation of this variable is expected to tndicate the effect of experience in 

planting MPT fodder on probability of choosing each feed technology bundle. We expect that 

more years of experience, reflected in early planting dates, may result in hgher probabilities of 

using MPT fodder. The sample mean for MPTlST is the 1996.88 indicating less than 2.5 years 

exphence in planting MPT fodder by the time of the s w e y  in late 1999. Values for MPTIST 

used in simulation range from the year 1985 to 1999, indicating 14 years and less than one year of 

experience respec tively. 



MPTAREA indicates the acreage planted to the MPT fodder trees and hence the potential output 

of MPT fadder. Larger areas planted to MPT fodder may be associated with greater access to this 

feed particularly in the dry season when use of this feed is largely dependent on stonge of wet 

season surplus. Therefore, simulating the variable MPTAEEA indicates the effect of MPT pasture 

area expansion on the probability of choosing each feed technology bundle. The calculated 

sample mean for MPTAREA is 0.248 acres and the values used in simulation range h m  zero to 

one 0.5 acres. 

5.5.1 Results of Simulated Choice Probabilities for the Wet Season 

From Figure 5.1~1, we observe that the probability of using both MPT fodder and purchased 

concentrates remains above 70 percent for a ratio of cows producing milk to the total dairy herd 

(MMDAR) that is between zero and 0.4. The probability of using 

Fig 5.h: Simulated Choice Probabilities for Change in Ratio of Producing Cows to Total 

Herd (Wet Season) 

MPT fodder alone remains below 10 percent and falls to approach zero for a ratio of producing 

cows (INMDAR) that is above 0.7. The probability of using purchased concentrates remains 

below 30 percent until a ratio of INMDAR of about 0.45 applies when the probability rises 

sharply to overtake the probability of using 'Both', at an INMDAR ratio of about 0.53. This 

suggests that the use of purchased concentrates alone is compatible with hi& levels of technical 



efficiency in the dairy enterprise (as measured by the ratio INMDAR of milk producing cows to 

non-producing cows), likely because milk revenue is concomitantly higher providing cash to 

purchase concentrates. Use of both MPT fodder and purchased concentrates occurs with dairy 

enterprise technical efficiency below 55 percent possibiy because revenue received fiom milk 

may not justiS, reiiance on purchased concentrates alone. The generally low probability of using 

MPT fodder at high levels of technical effciency may be due to limited quantities available, 

hence an inability to satis& dietary crude protein requirements of a larger milking herd. 

Reference to Figure 5.lb suggests that there is a &op-off from the year 1995, as the year of first 

planting MPT fodder, where the probability of using both MPT fodder and purchased 

concentrates and MPT fodder alone begins to fall. Fint planting in 1995 indicates about four 

years experience with MPT fodder trees and the simulation resu1t.s show that f m e r s  with less 

than four years experience with MPT fodder planting have a Iower probability of choosing the 

feed technology bundles incorporating MPT fodder. At the planting date of 19%. the probability 

of using purchased concentrates alone overtakes the probability of using both MPT fodder and 

purchased concentrates. . 

MPTi ST 
(year in which MPT fodderwas first planted) 

Fig 5.lb: Simulated Choice Probabilities for Change in Year in which MPT fodder was 

First Planted (Wet Season) 



This peaks at about 85 percent for first planting in 1999 when the survey was conducted. The 

sample mean of 1996.88 as the year of fint planting of MPT fodder indicates l e s  than 2.5 yean 

of experience with MPT fodder planting on average. The simulated probabilities for frst planting 

in 1985, indicating about 14 years of experience with MPT Fodder planting, show that the 

probability of using MPT fodder alone reaches a peak of about 20 percent, whilst the probability 

of using both MPT fodder and purchased concentrates peaks at 80 percent. This suggests that use 

of MPT fodder and purchased concentrates in the wet season is complementary regardless of the 

number of years of experience with MPT fodder planting. This follows from the fact that 

availability of MPT fodder is alrnost guaranteed in the wet season when the rains begin. as long 

as MPT fodder trees have been planted. 

The results shown in Figure 5.lc reinforce the observation of complementary use of both MPT 

fodder and purchased concentrates in the wet season suggested above and in Section 5.5. The 

probability of using both MPT fodder and purchased concentrates is above 76 percent and this 

increases steadily at al1 levels of area planted to MPT fodder (MPTAREA) from zero to 0.5 acres. 

An increase in area planted to MPT fodder slightly reduces the probability of using purchased 

concentrates alone whilst simultaneously slightly increasing the probability of using MPT fodder 

MPTAREA (acres) 

Fig 5.1~: Simolated Choice Probabiiïties for Change in Area Plnnted to MPT Fodder (Wet 

Season) 
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However, it is it is apparent that the probability of using both MPT fodder and purchased 

concentrates remains very high in the wet season. The greater outputs of MPT fodder reflected in 

a greater ami planted result in continued complementary use of MPT fodder with purchased 

concentrates. This observation is also supported by the insignificant marginal effect on the 

variable MPTAREA observed in Table 5.3b for the MNL estimates for choice of MPT fodder 

alone in the wet season. Thus it appears that for the wet season, increased area planted to MPT 

fodder does not result in substitution for purchased concentrates. This observation may suggest 

other constraints to greater dependence on MPT fodder in the wet season. Such constraints could 

be associated with the availability of f m  labor to allocate to MPT fodder pastures beyond some 

level. Available labor may be allocated to food and cash crops preferentially over being used for 

MPT fodder production for cattle feed. 

5.5.2 Results of Simulated Choice Probabilities for the Dry Season 

From Figure 52a. simulation results for the number of cows actually producing milk (NMILK) 

show that the probability of using both MPT fodder and purchased concentrate falls tiom more 

than 80 percent with zero milking cows to about 20 percent when the number of milking cows 

reaches three. 

O 0.4 0.8 1.2 1.6 2 2.4 2.8 3 

INMILK 
(mean number of cows producing milk) 

Fig 5.2a: Simulated Choice Probabiiities for Change in Mean Number of Cows Producing 

IClIik (Dry Season) 



The probability of using purchased concentrates alone increases steadily from less than 10 

percent when there are no cows producing milk, to above 80 percent with three cows producing 

milk. The probability of using bath MPT fodder and purchased concentrates and the probability 

of using purchased concentrates alone coincide at the point where two cows are producing milk. 

The probability of using 30th '  or 'Conc' is about 18 percent at this point. The probability of 

using MPT fodder alone is highest, 12 percent when there are no cows producing milk. hLPT 

fodder approaches zero probability of use when the number of milking cows is above one. These 

results suggest that the probability of using purchased concentrates is most likely when there are 

milk-producing cows and that this increases in direct proportion to the number of producing 

cows. MPT fodder appears to be viable for use where there is only one cow producing milk, atter 

which the probability of MPT use approaches zero. This result is similar to the observations made 

in Section 5.3.4 from the MNL mode1 D4 estimation results, where it was concluded that the 

more specialized dairy enterprise will expend more on yield-enhancing technologies (such as 

purchased concentrates) when milk productivity is hgher (Zepeda, 1994; El-Osta and Morehart, 

2000). The fact that probability of using MPT fodder approaches zero at figures above one 

milking cosuggests that there is a factor limiting MPT fodder use. This could possibly be the area 

of MPT fodder trees that must be planted to obtain feasible outputs of fodder harvested or else 

agronomic, resource and management constnints that contribute to low yields. 

Refmnce to Figure 5.2b suggests a drop-off at the year 1995, as the year of first planting MPT 

fodder, when the probability of using both MPT fodder and purchased concentrates and MFT 

fodder alone begin to fall. First planting in 1995 indicates about four yean experience with MPT 

fodder trees and the simulation results show that fanners with less thm four years expetience 

with MPT fodder planting have a lower probability of choosing feed technology bundles that 

incorporate At the planting date of 1995, the probability of using purchased concentrates alone 

overtakes the probability of using MFT fodder alone. The pmbability of purchased concentrates 

alone peaks at about 80 percent for fm planting in 1999, the time when the survey was 

conducted. The sample mean of 1996.88 as the year of first pianting MPT fodder indicates less 

than 2.5 yean of experience with MPT fodder planting on average. The simulated probabilities 

for first planting in 1985, indicating about 14 yean of expenence with MPT fodder planting, 

show that the probability of using MPT fodder alone reaches a peak of about 75 percent. The 

probability of using both MPT fodder and purchased concentrates overtakes the use of MPT 

fodder alone afier 1997, i n d i c a ~ g  l e s  than 12 yem of experience with MPT fodder planting. 



These results suggest that it would take about 12 years of experience to induce probabilities of 

using MPT fodder alone to be above 50 percent for this group of farrners. 

MPTI ST 
(year in which MPT fodder was first planted) 

Fig 5.2b: Simulated Choice Probribilities for Change in Year in which LMPT Fodder was 

First Planted (Dry Season) 

This experience may be critical in overcoming agronomie, resource and management constraints 

to multi-purpose fodder tree productivity and in overcoming constraints to conservation and 

storage for dry season use. information, demonstration of practices and results and extension 

support may be important in reducing the time required for this process of leming curve and to 

acquire experience. 

From Figure 5 . 2 ~  it is apparent that an increase in the area planted to MPT fodder will increase 

the probability of using both MPT fodder and purchased concentrates, whilst reducing the 

probability of using purchased concentrates alone. Greater outputs of MPT fodder are refîected in 

greater areas planted and this could result in extended complernentary use of MPT fodder with 

purchased concentrates. The results continue to indicate however, that a greater area of MPT 

fodder will not increase the probability of using MPT fodder aIone. This result is supported by the 

insignificant marginal effect on the variable MPTAREA observed in Table 5.5b for the MNL 

estimates h r  choice of MPT fodder alone in the dry season. The probability of using purchased 

concentrates alone approaches 50 percent as MPTAREA approaches zero, and this probability 



approsches zero percent at MPTAREA above 0.8 acres, whilst the use of both MPT fodder and 

purchased concentrates increases. 

O 0.2 0 -4 0.6 O .8 

MPTAREA (acres) 

Fig 5 .2~:  Sirnulated Choice Probabilities for Change in Aren Planted to MPT Fodder 

(Dry Season) 

Evidently the complementary use of MPT fodder and purchased concentrates would prevail with 

larger areas planted to MPT lodder tees whilst complete substitution of MPT fodder for 

punihased concentrates does not seem likely to occur. This suggests a limiting constraint to the 

level of use of MPT fodder in the dry season, despite larger areas planted. Indeed, fodder outputs 

could still be limiting due to agonomic and resource consûaints and management factors. For 

example as cited by Dzowela (1997), defenal of the fodder cutting date in the wet season from 

Ianuary to April significantly increases yields and re-growth of leaves for the dry season. In 

addition, crude protein content of leaves is reduced when leaves are dried in preparation for 

storage for the dry season. The variability in quantity and quality of feed kom the field conditions 

use of MPT fodder and could contribute to continued use of purchased concentrates in order to 

ensure animal productivity through meeting dietary requirements such as for crude protein. 



Chapter 6 - - Summary and Conclusions 
This concluding chapter sumrnuizes the shidy findings and highlights policy implications. The 

limitations of the study are noted, as are suggestions for fùrther study. 

6. I Summary of the Background, Problem and Findings 

A major challenge in smallholder f m i n g  systems is the poor quality and insufficient quantity of 

livestock feed, especially during the seven to nine rnonths of the annual dry season. The major 

source of livestock nutrition for smallholder f m e r s  in Zimbabwe is the graze and browse from 

communal gnzing and woodlands areas. However, drastic changes occur in the nutritional quality 

of fodder between the wet and dry season in Zimbabwe and the quantitative availability of feed 

has been reduced by clearing of trees and land for raw materials and agriculture. Crop residues 

are the major dry season livestock feed, but these are generally inadequate quantitatively and 

have a low nutritional value in terms of crude protein content. The alternative sources of cattle 

feeds, with the adequate levels of cmde protein content that are critical to animal productivity. are 

purchased commercial supplements and fodder production. Purchased concentrates are 

unaffordable by the majority of smallholder f m e n  who face credit and liquidity constraints. 

Commercially produced concentrates are, however, purchased for dairy cattle feed 

supplementation where milk is marketed. Fodder production, although potentially alleviating feed 

availability pmblems and reducing cash expendinires on supplementas, feeds, has generally been 

constrained by the availability of arable land and labor due to the competing need for food and 

cash crop production during the main cropping xason. It is not surprising therefore, that livestock 

feed availability and the accessibiiity of its use is central to the viability of smallholder f m e r  

dairy production in Zimbabwe. 

Agroforesty for fodder production, in the form of on-farm multi- purpose tree (MPT) fodder 

banks, has been introduced as a viable livestock feed alternative. The species of MPT fodder 

introduced to farmen in Chikwaka communal area have been shown to possess higher crude 

protein contents when fresh than comrnercially produced feeds. Thus, MPT fodder may 

potentially be a cash-saving source of high protein cattle feed for smallholder dairy farmers in 

Chikwaka Communal k a .  This thesis research study has tried to achieve some understanding of 

the factors that may underlie adoption of this agroforesûy technology, relative to purchased 

commercial feeds, by f m e r s  in the chosen study area. This objective is achieved by examining 

the erposf feed technology choices and investments made by smallholder dairy farmers, in the 



context of multiple feed technology alternatives that are available to alleviate the challenges they 

face in provision of adequate animal feed throughout the year. 

The major dietary requirements dictate that a cow consumes at least three percent of its body 

weight in dry matter (DM) and cnide protein (CP) at the level of at least 14 percent of dry matter 

intake among other nutrients to ensure productivity. Chikwaka commua1 area dairy f m e r s  may 

exploit any and al1 available feed resources in their feeding strategy. These include the use of 

communal grazing and browse resource, the use of crop residues, maize, Pasture legumes and 

grasses, purchased concentrates and MPT fodder trees which al1 provide dry matter (DM) and 

varyng levels of cnide protein (CP) and other nutrients. However, the major challenge faced by 

smallholder dairy farmers is in provision of adequate levels of crude protein in the feeds given to 

dairy cows. The findings of this study indicate that the major trade-off in terms of components of 

the feed technology bundle are with the use of purchased concentrates and MPT fodder, the two 

feed sources that offer adequate Ievels of dietary crude protein. For purchased concentrates, this is 

because purchased concentrates will only be used if there are cows that are cunently producing 

milk, since the revenue from milk sales evidently justifies costs incurred for feed pwchase. For 

the case of MPT fodder trees, the years of experience with planting the trees, seasonal fluctuation 

in plant material availability and the area invested in planting the trees appear to be important 

detenninants of use. 

In general, the un-specialized dairy f m e r s  for whom crops are the primary source of income are 

less likely to use MPT fodder or purchased concentrates to feed their dairy cows. This reflects 

the possible lack of investment of land and iabor resources in MPT fodder production and lack of 

revenue from milk sales. The use of purchased concentrates appears to be closely linked to the 

scale of the dairy enterprise and the level of productivity (that is, technical efficiency as measured 

by ratio of the dairy herd that is actually producing milk) hence the expectation of financial 

r e m .  In the wet season, at levels of operation where more than 50 percent of the dairy herd is 

producing milk, the probability of using purchased concentrates rises sharply and peaks. This 

suggests that use of purchased concentrates alone is compatible with high levels of technical 

efficiency and specializiition, whilst the use of both MPT fodder and putrhased concenttates is 

compatibIe with lower levels of efficiency and specialization in dairy production. nie use of 

MPT fodder aione does not occur for the targer scale and more specialised productive dairy 

enterprise. This tendency seems to explain the complernentary reiationship observed bebveen 

purchased concentrates and MPT fodder in the wet season when MPT fodder outputs are highest. 



Farmers would likely continue to use purchased concentrates as long as there are cows producing 

milk which provides an economic incentive to off-set the cost of purchased feeds. Similarly, for 

the dry season, an absolute number of three milking cows results in an 80 percent probability of 

using purchased concenûates. The probability of using both MPT fodder and purchased 

concentrates falls frorn above 80 percent for zero cows producing milk, to less thm 20 percent 

when the number of milking cows reaches three. The probability of using MPT fodder alone is 

highest when there are no cows producing milk, and this approaches zero with one or more 

miking cows. This suggests that there is a limiting factor in the use of MPT fodder, possibly due 

to low fodder outputs such that MPT fodder hwvested rnay not be adequate to meet the m d e  

protein requirements of the milking herd. 

In the dry season, the farmer's years of experience in growing and conserving MPT fodder trees 

and the area planted rnay determine fodder output and the abi1ity to use MPT fodder. In general, 

however, iigronomic and resource constraints and management tàctors may determine the 

famer's ability to use MPT fodder. Availability may be influenced by fodder cutting practices in 

terms of timing to maximize yields and re-growth, whilst labor consûaints in the wet season rnay 

preclude harvesting of MPT fodder for use. However, the higher is the total number of dairy cows 

owned (both producing and non-producing), the probability increases of using both MPT fodder 

and purchased concentntes in the dry season. 

MPT fodder trees are used together with purchased concentrates by the majority of h e r s  and to 

a greater extent in the wet season than in the dry season. This may reflect the ability to carry-over 

surplus feed fiom the wet season. hdeed, the probability of using purchased concentrates alone in 

the dry season approaches zero for areas planted to MPT fodder trees of above 0.8 acres, whilst 

the probability of using punihased concentrates alone peaks when the area planted to MPT fodder 

tree falls to approach zero acres. Greater outputs of MPT fodder, reflected in greater areas 

planted, lead to greater complementary use of MPT fodder with purchased concentrates. 

The results from this study indicate that the use of MPT tree fodder, though it rnay be a good 

source of m d e  protein is not currently a complete substitute for purchased concentrates. The 

results indicate joint use of purchased concentrats and MPT tree fodder, even during the wet 

season when one expects output of MPT fodder to be at its peak. Greater years of expaience or 

familiarity with planthg the MPT fodder trees and larger areas planted to MPT fodder trees 

increase the probability of MPT fodder substituting for the use of purchased concentrates, to a 

maximum of 20 percent, in the wet season. In contrat, the probability of ushg both MPT fodder 
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and purchased concentrates rises above 80 percent with more years of experience and greater 

areas planted. The opportunity for MPT fodder alone substituting for the use of purchased 

concentrates is higher in the dry season, when the probability olusing MPT fodder alone is more 

than 50 percent for f m m  with 12 or more yean of experience with MPT fodder. MPT fodder 

use in the dry season peaks at 75 percent with 14 yean of experience. This suggests that other 

constraints to MPT Fodder use, such as labor availability, may be observed in the wet season. It 

should be noted, however, that the calculated sample mean for the years of expenence indicates a 

value of less than two and a half years for these farmen suggesting that there would still be a long 

timr to wait for substitution, arising from yean of expenrnce, ta occur. However, the level of 

experience or the learning curve with growing MPT fodder trees does appear to be a crucial 

determinant of the ability to use MPT fodder in the dry season. It may be concluded therefore that 

extension support may be a crucial determinant for the prospect of MPT fodder as a cash-saving 

alternative to purchased concentrates in the dry season. 

The results for the wct season models also indicate that f m i n g  households with higher potential 

Family labor availability in the wet season are likely to use either MPT fodder trees or purchased 

concentrates or both. When farmers do not experience problems of inadequate access to 

communal grazing, they are less likely to use purchased concentrates alone but are more likely to 

use both MET fodder and purchased concentrates. Households that own an ox-drawn scotch-cart 

are less likely to use purchased concentrates, possibly being more equipped to collect and 

transport plant-based feeds such as crop residues, grass, pasture grasses and Iegumes and MPT 

fodder to store for use. 

6.2 fmplicutions of the findings of the study 

The results of this analysis enable us to highlight some considerations for agroforestry 

technology, practice, policy, research and extension that is related to the multi-purpose tree 

(MPT) fodder bank technology that is targeted for smallholder dairy fmers .  Given the 

assumptions and limitations of this analysis, the following issues appear to be pertinent with 

regards to lessons and implications stemmkg from the findings of this study as discussed in the 

Sections above: 

1. Farmer motivation, in tems of the importance of the dairy enterprise as an income source, is 

important in targeting fmers that may be willing to invest resources of labor, land and 

learning time to MPT fodder tree production. Higher profit expectations firom crops reduces 

the probability of investment in MPT fodder production; 
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2. Marginal dairy famers in this group, with only one cow producing mik. are more likely to 

use the MPT fodder technology. This rnay suggest a scale constraint for f m e n  with more 

than one milking cow. Consequentiy, there is a need to investigate the role of small areas 

planted to MPT fodder relative to other agronomie, resource and management constraints in 

determinhg potential yields; 

3. The incentive of financial r e m  lrom milk-producing cows favon the use of purchased 

concentrates. Although the cost of purchased feeds has risen in recent years and MPT fodder 

is reported to have higher levels of crude protein content, purchased concentrates are shll 

purchased by efficient and specialized smallholder dairy fanners. This tendency rnay reflect a 

possible scale constraint on the use of MPT fodder for more than one producing cow such 

that quantitirs available are inadequate to meet animal dietary needs for crude protein. 

4. Use of purchased concentrates rnay be due to the observation of more profitable retums from 

milk when using purchased feeds than is the case with MPT fodder technology. The research 

findings reported here suggest that experience over tirne will induce greater use of MPT 

fodder, suggesting a leaming curve. However. long periods for increased use of MPT fodder, 

representing about 12 to 14 yean of investment in time and effort to gain experience are 

required to induce a 50 to 75 percent probability of MPT use. These may be shortened 

through extension support, training and demonstmtion of tangible results given that on 

average, the farmen in this sample have less than two and a half years of experience with the 

fodder trees. It rnay be an issue, however, that 78 percent of farmen in the sample under 

study reside in Mwanza Ward where there has been limited access to extension support in 

MPT fodder production because of the distance and absence of a resident extension officer, as 

compared to Gutu Ward which is nearest to the milk collection center and has a resident 

ICRAF extension officer; 

5. The objective of alleviating dry season livestock feed shortages through use of MPT fodder 

appears to be constrained by low outputs of MPT fodder. This reflects the mal1 areas 

allocated and rnay be associated with lack of experience in growing MPT fodder trees. 

However, the extent to which MET fodder assists in alleviating dry season feed bottlenecks 

rnay need to be measured quantitatively, which was beyond the scope of this study; 

6. Limited experience with planting MPT fodder trees rnay also be reflected in a limited ability 

to carry-over and store MPT fodder fiom the wet season for use in the dry season. This 

observation highlights the opportunity for targeting increased use of MPT lodder in the wet 

season, when availability of MPT fodder is gwd, possibly to substitute for purchased 

concentrates, rather than targeting extensive dry season use since the latter clearly is not 
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being achieved. However, the d e  of wet season labor constraints in limiting possibilities for 

increased use of MPT fodder may need to be investigated first. 

The above considentions, analyzed in the context of the assumptions and limitations of this 

study, may assist stakeholders in designing and targeting interventions that have a reasonable 

probability of adoption and integration in smallholder f m i n g  systems. 

6.3 Limitations and recommendarions for further study 

A major limitation of this study was the absence of complete quantitative yield data for MPT 

fodder trees and milk production and lack of data on actual expenditures on the dairy feed activity 

and actual feed rations given to animals over the season. This would constitute alternative 

specific information on the feed sources. Similarly, there is a lack of time series data on dairy 

feed activity from the time-when MPT fodder planting was initiated. These types of data would 

require a more intensive and time consuming collection process to track daily input and output 

activity and to elicit f m e r  recollection of activities over the past few years. This information 

would have been useful to enable a more complete economic assessrnent of the extent to which 

each of the feed resources is used and contributes to dairy cow productivity and revenue 

quantitatively throughout the year. ïhese activities could also be tncked over time to highlight 

the effect of dynamics on the feed technology portfolio and choices of farmers. This could 

provide a more accurate indicator of the level of use of MPT fodder and purchased concentrates 

and rnay highlight the extent to which MPT fodder may indeed be a lower cost altemative and the 

extent to which substitution ancilor complimentarity occun. More broadly. the interaction of 

resource allocation decisions for other household consumption and production activities with the 

decisions for the dairy enterprise needs to be investigated to get a more complete picture of trade- 

oKs and the decision making process. This relates particularly to the benefits and costs of MPT 

fodder banks given the opportunity costs of land and labor for food and cash crop production. 

A major concem with MPT Wder production is the low yields observed o n - f m  by f m e n  

relative to results of experimental station and on-farm fanner trials led by scientists. Therefore. 

the agronomie, resource and management issues that determine the productivity of on-farm MPT 

fodda production may need to be investigated and addressed. 
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APPENDIX 1: Survey Questionnaire 

Smallholder farmer resource ailocation for cattle feeding in 
Chikwaka Communal Area 

PART A: 

Greetings. Your household is being visited today as part of a study 
to leam about the different resources and practices you use for feeding your canle. By 
participating in this survey you will be assisting a Zirnbabwean student. Sibongile Moyo 
who is studying at the University of Alberta in Canada. This study is part of the requirements 
for a Master's degree in agricultural economics. The information to be collected kom this 
study will also help in understanding which resources and practices are most important to 
you in feeding your cattle and why. Participation is voluntary and your responses wil1 be 
kept confidential. The appropriate district and village leaders have given permission for this 
study to be carried out. 

HH Code No. HH Name Ward 

Village Date Enurnentor 

Start Time Finish T h e  

S w e y   tat tus comptete 0 ~ncomp~ete 1 
Supervisor's Observations 
How many errors were found in checkhg the questionnaire'? 
CS the survey satisfaetory?  es .... m ~ o  ..... 1 
The wages of the enurnerator will be reduced by $20 for each s w e y  whîch is unsatisfactory. 

Section 1: Household characteristics 

1. Sexofre ondent. Do notark. 
Male ........ 'g f i m 1 L . Q  

2. What is the sex of the household head? 
~ a l c .  ....... ~emale .....m 

A 

3. a)Which family member is responsible for the dairy ente 
WifeFemale k a d  ...m Male ~ e a d  ...u 0th- .... 
SpecifL other 

bl Who is remonsiile for cattle feedine? 
Y 

~ i f e / ~ A l e  ~ e a d . m  Male H ~ L Q  worker ...m other .... 
Specify other 



Ask to speak to the family member identrped in 3a). ifnot there come back another tirne or 
speak to the person responsible for cade feeding idenrified in 3b) favailable- 

The following questions 4 to 7 should be addressed to the person identtped in question 3 as 
responsible for the dairy enterprise or cattIe feeding. 

in which of the followhg age grou s is the household member? 
Below 30 .... 3 1 - 40 .... O . 61+ .... 1 
What is the household mernber's highest educational qualification? 
~one. .m primary..~ secondaq..I diploma..I adult lit..g 

Has the household member had any agriculttual training? - - - 
master f m e r  ...m diplorna .... Q other .... none .... 1 
specify other 

What is the household member's Full time occupation? 
Family fann work Rural o K - f m  Ûgriculnire work ...g Rural Non-Agriculture work 

1 Work in tom... 

Other (specify) .Il 
What is the household head's full time occupation? 
Family F m  work Rural off-farm agriculture work ...i Rural Non-Agriculture work 

Work in town... 

Other (speci fy ) .El 
a) How many people live in this household? 
b) How many adult fernates are there in this household? 
c) How many adult males are there in this household? 

Section II: Indicators of motivation 

Memberships and participation 

in which year did you join the Dairy association? 

Arc you regirtered as a mernber of the Chikwaka dairy CO-operative as of 1999?  es ....m 
NO .....m 

Did you attend the June 1999 LFA meeting held at the milk collection centre, chaired by Mr. 
Hakutangwi of ARDA?  es .... NO ..... 

4doptioo of MPTs (miti yemafuro) 

In which vear did vou first learn about MPT fodder mes? 

lfresponse is now go to question 46) othenvise go to 2. 

a) From whom did you leam about MPT fodder trees'? Circle 
the appropriate number and elaborate other source. 

1 ICRAF 1 Agritex 1 Field Day 1 Neighbor 1 Other (specify) 1 
ifresponse isfield day (3) go to question 2b),othenvise skip. 
b) What was the topic for the field day and where was it held? 



3. ai Have vou ever ~lanted MPT fodder trees? 

Ifno go to question 4, gyes continue. 
b) In which yeiu did you fmt  plant the fodder trees? - - - - - - -- - 

e) Do you st&l have fodder mes  growhg? 
 es.. ..BNo ..... 1 

d) Did you harvest and feed any MPT fodder in ? Ask for 

Skip question 4 

each season and insert code in table, I -  Yes and 2-No. 

reason. 

Early dry season 
June-July 1 999 

Late dry season 
Aug-Dec 1998 

a) Why did you never plant the fodder trees? Circle appropriate 
remon/. and elaborate other. 

Don 't know. ....a 

Wet season 
Jan-May 1999 

Cash orientation 

a) Have you ever received credit to acquire cattle (cash or 

Would you consider planting the fodder trees? Circle appropriate response and briejly w i t e  

No 
fence 

5 

No seed 

4 

No No 
land interest 

1 2 

animai)? Hefer project corvs included. 
cash .... 1  nim mol .... Cash and animal .... ~ c v e r  .... 1 

Other 2 
(specify) 

No 
ski11 

3 

a) Did you receive income (either cash andlor in kind) from 
? Poinr to the car& and ask for ench income source and tick al1 sources 

mmtioned in the table below. 
b) Arnongst the sources of income that you indicated, how would you rank them from most 

important to l e s t  important0? Lay out the cura3 with ail the income sources ticked in 
qttesrion Zo) and have them order the carciSfi.om most to least important. 

c) How much cash income in $ did you receive fiom over the last year? Ask for euch 
income source ticked in ,in). 

vnevergo to 2. 
How many did you acquire on this credit scheme'? Ask for euch ckrss of cttttle und 
insert nrtmber of animals under the relevant class/es. 

Class Bull Exotic 
No. 

Indigen Draught Other 



Section ILI: Assets and resource allocation 

D. 
1. 

2. 

3. 
4. 
A I .  

1. 

Source of 
Income 

A Physical Assets 

d) So did you receive the most cash $ fiom ? 
So did you receive the 2' most cash $ h m  9 

So did you receive the 3" most cash S hom '? 
............................................................................ u n  so on 

Ask for each incorne source in the order of the cash amount stated in Zc) t'rom most to lest. 

3. a) Do you keep records'? YS .... NO .... Q 
Ifyes go to 3b) orhenvise go to Section III, 

b) In which year did you start keeping the records? 
c) What do the records cover? Sumrnarise in one fine. 

b) 
Import 
rank 

a) 
Tic k 

Obsewation by tfte enurnerator. 

1. Remittance 
2. mik 
3. crop 
4. gardens 
5. cattle 
6. crafts 
7. beer brew 
8. brick make 
9. pension 
1 O. Livestock 
1 1 .JO b (spec) 
12. Other 

a) How many~ftouses are titere on tfte compnpound? 
b) Tite b a t  itouse in tltc com~ound is besr describeù as: 

C) 
amountS 

Pole & dagga..o Brick & rhatc/t..H h i e &  & asbcstodron .....O 

dl 
rankS$ 

Do vou have a weII (mueodi) at this homestead? 

Does this household own I bicycle?  es ....O NO .....u 
Does this houxhold own a scotch-carte?  es ....O NO .....H 
Land 

How many acres of land do you have as ? Ask for each Iunrl categov thm atkl up ro 
- 

get rhe tord fant1 area. 

1 Homestead 1 1 

Category 
Crop fields 
Gardeus 

Pastures 
Private paddocks 

k e a  

. 

1 Total land area 1 1 



2. How -y acres of land do you use for r each land usdallocation categoty. 
[ Land usehllocation Area 

Maize for human consumption 
Maize for cattle feed 
Pasture grasses and lepmies 1 
MPT fodder trees Pasture 

[ Rivate paddocks I 1 
3. a) DO you have any land area available as fenced communal paddocks?  es ....O NO .....m 

I fno  skip 36). 
b) What is the area of the communal paddock available to you? 

B. Labor 
1. a) Did you hirc any full t h e  worken in '? Ask for 

each season. Code: I - Yes, ?-No. lf no skip l b) 
b) How many htll tirne workm (work.hg everyday for at least one month) did you hire in 

a Yes/No 
b Number 

? Ask for each seuson. Insert number in table. 

2. a) Did you hire any part tirne workcn in ? Rsk for 
each season. Ask both question and u) and b) for one seuson at a timr Code: I -  Yes, ?-No. If 

Early dry season 
June-JuIy 1999 

Late dry season 
Aug-Dec 1998 

Wet season 
Jan-May 1999 

3. a) How much did it eost you to hüe one full tirne worker for a 

no skip tb), 3 to 5. 
b) Lets define a labour day as one person working for one day of up to 10 hours or who is paid 

the equivalent of a day's work (mgwazo). How many part time Iabour days did you hire 
? Ask for each season. 

month in (insert season)? Ask both 3 a) and 6) for one season at a tinte. 
[nciicate payrnmt in kind und try to get the estimated cash S eqtrivuirnt. 

te dry season 

a YesfNo 
, b Number 

b) How much did it cost you to hire one worker part time worker for a day's work in 

Late dry season Wet season Early dry 
Aug-Dec 1998 Jan-May 1999 season 

ifzero ùays of labour hired, skip questions 3 to 5. 

Wet season 
Jan-May 1999 

a fuü time 
b part time 

Early dry season 
June-July 1999 

4. a) Did you use any himl labour (both full t h e  and pan t h e )  for (insert activiy) in 
the Iate dry season? Point to the car& with ench activity and tic& aIl activities mentioned. 

ik questions 4 a). b) and c) for one activiiy at a tirne. 

, 

LATE DRY SEASON Aug-Dec 1998 

Activity 
Food crops 
Herding cade  
Dairy & fodder 
O ther(specifL) 

a) Tick 1 b) No. Days 1 c) Rank 
F . P  

I 

1 

To F P To F 

1 

P Tot 



Lets define a labour &y as one person working for one day of up to 10 hours or who is paid 
the equivdent of a &y's work (mgwazo). How much hired labour (in labour days) did you 
use for in the late dry season? Ask for each activity ticked. Add up hours to 
make a labour day. 
So did you use the most hired labour on ? 
So did you use the 2" most h h d  labour on ? 
............................................................................... and O on 

Ask for cach activity ticked in the order of the nwnber of labor days allocated in 4b), most to least. 

5. a) Did you use any hired labour (both full t h e  and part tirne) for in the wet seasont 
Point to the car& with each activity and tick ull activities mentioned. .4sk cl). b) and c) for one 

up to 10 hours or who is paid the equivalent of a day's work (mgwazo). How much hired 

activify at a tirne. 
WET SEASON Jan-May 1999 

labour (in labour Lys) did you use for in the wet season? clsk for each activity 
ticked. Add up hours tu make u kubour day. 

c) So did you use the most hired labour on 
- 

9 

So did you use the 20d most hired labour on '7 

................................................................................ and so on 
Ask for each activity ticked in the order of the number of labor days allocated in %), most to least. 

6. 9) Did you use any hired labour (both Full tirne and part the)  for in the early dry 
season? Point to the car& rvirh each uctivity und tick al1 activities muntiontd clsk a). b) untf c) 

Ac tivi ty 
Food crops 
Herding cattle 
Dairy & fodder 

for one activi@ or a rime. 

b) Lets defuie a labour day as one person working for one &y of 

c) Rank 

Other(speci fy ) 

F 

of up to 10 hours or who is paid the equivalent of a day's work (mgwazo). How rnuch hired 
Iabour (in labour days) did you use for in the early dry season'? Ask for each 
activity nckeù. Add up hours to mnkr a kubotrr duy. 
So did you use the most hired labour on ? 
So did you use the 2" most hired labour on '? 
..............~.,.,............,,,........................................ a d  O on 

a) Tick 

EARLY DRY SEASON Jun-Jul1999 

Ask for each activity ticked in the order of the number of labor days ailocated m 6b), most to l e m  

P F 
b) No. Days 

Activiîy 
Food crops 
Herdinp: cade 
Dairy&fodder 
Other(specify) 

4 

C. Herd size and composition 

To, F 

1. a) Do you keep cattle for ? Point to the card with each rearon and rick al1 reasons 
mentioned. Eluborate othur. 

P 

b) Lets defie a labour day as one person working for one day 

To P 

a) Tick 

To 

b) No. Days 
F . P . T o  To 

. 

c) Rank 
F P  

~ 

F P To 



Constraints 
1. Cash 
2. Grazing 
3. Feeds 
4. Labour 
5. Otheflspec) 

b) How would you rank these reasons for keeping cattie in terms of 
contribution to overall household wellbeing (food, cash, inputs). 

Point to the car& with each remon ticked in a) and have the 
respondent order them. 

C )  How many cattle do you keep for ? Ask for each 
reason ticked in a). 

d) Would you like to have more cattie for '? Ask for 
each reasodrole ticked in a) and code: I-Yes and 2- No. 

d) What is the primary reason for you not having those cattle 
numbers for ? Askfor each reasodrole where 
response to d) is no. Insert code for constraint. 

3) In the late dry season, how many (insert cuttle 
c l m )  did you have*? .4sk for eoch c lus  of cntrle. Then add c lmrs  to grr the tord lrerd for 

Breeds 
Indigenous 
Exotic/Cross 

the season. 

1 Total 1 1 
r t h e  fanner recorth a zero for total daiiy herd in nll threc srasons go to qirrstion 3. othmise 
go to D. 
In the wet season, how many (insert cuttle) did you have? Askfor each class of cattle. 
Then add classes to get the total herd for the season. 
In the early dry season, irow many (irtsert cattle class) did 

Class 

you have'? Ask for euch class of cattle. Then udd ciasses to get the total herd for the semon 

Late dry 
Aug-Decb98 

Wet 
Jan-~May'99 

3. In which ycar did you Iast have a dairy cow(s)? 

Eariy dry 
Jun-Julb99 

Dairy Cows 

D. Feed Resotirces 

Cows in milk 
Dry & h e i f a  

T o t a l  

1. a) In the late dry season, did you use (insrrt f e d  soiirce) to feed your cattfe?. .4sk 
for euch feed source and insert a rick for each feed irired 

1 

Elirly dry 
Jun-Jui'99 

Feeds source 

1. Communal 
2. Crop residues or stovcr 
3. Purchased Concentrates 
4. Pasture grasses & legumes 
5. MPT fodder tree pastures 
6. Maize 
b) In the wet season, did you use (insert feed source) to feed your cade? Ask for 

each feed option and insert a tick for each option used. 

Late dry 
Aug-Dec98 

Wet 
Jan-May99 



c) in the early &y season, did you use (insen feed option) to feed your cattie?. Ask 
for each feed option and iirsert a tick for each option used. 

3. a) DO you have a roblem fiding adequate feed for your 
cows? Yes ...g NO ...O 

2. What other sources of feed (options) did you use to feed your cattie in ? Ask 
for each season. 

ifyes go to 36) othenvise proceed to E. 
b) What would you say is the reason for the feed problem'? 

Surnmarise in one line. 

b 

Feed source 

Other 1 
Oîher 2 

E. FtteVEnergy Sources 

1. a) In the late dry season, did you use (insertfuel type)?. Rsk for etrch Etel type and 
insert a tick for each fitel used. 

Late dry 
Aug-Decb98 

Fuel Type 
Late dry 
Aug-Decb98 Jan-Mayb99 I Ivet 

Wet 
J an-May699 

I.  Wood 
2. Maize cobs 

Early dry 
Jun-JuIb99 

3. Dung 
4. Paraffin 

. 5.  Gas 
6. Electricity 
7. PetroVdiese 1 

, 8. Solar 
9. Other 
b) In the wet season, did you use (insert fiel type} ? 
C) In the early dry season, did you use (insertfiel type)? 

2. a) Do have a pmbkrn fiding adequate fuelwood? 
yes ...m NO ...m 
ifyes go to tb) othenvise skip. 

b) What would you say is the reason for your fùelwood problem? SumntonFe in one line. 



PART B: Alternative Specific Attributes 

Section 1 Labour use 

Labour use includes al1 activities such as planting, weeding, watering, harvesting, feeding, ntiring, 
herding and others involved in using or preparing the feed option for use by cade. 

full tirne and part tirne - rnacikicho) you would need to spend on (insert feed 
type) per cow in the wet season? Rating: 1-high/plenty/most, 2-mediudaverage, 3-loiv/little/ 
least, 4-don 't know. Ask for rach feed option. 
Based on ÛII the feed options that you could use how would you rate the hired labour time (both 
hl1 time and part time - marikicho) you would need to spend on (insert feetl 
rype) per cow in the early dry season? Rating: 1 -higlt/plenty/most, 2-meriilrdwerage. 3- 
low/littld Ieast, Crlon 't knoiv. Ask for each feed option. 

1. a) Based on a11 the feed options that you could use for your eattle. how 
would you rate the hired labour time (both hl1 time and part tirne - marikicho) you would need 
to spend on (insert feed type) per cow in the late dry season'? Rating: 1- 
high/plenry/most, 2-mediudaverage, 3-loiv/little/least, 4-ciun 't kno W. Ask for rach feed option. 

a) Based on al1 the feed options that you could use for your crittte, how 
would you rate the total labour time (both family and hired) you would need to spend on 

(insert feed type) per cow in the late dry season? Raiing: 1-high/plenîy/mosi, 2- 

Feeds sourceloption 
1. Communal grazing 
2. Crop residues or stover 
3. Purchased Concentrates 
4. Pasture g m s  & legurne 
5. MPT fodder pastures 
6. Maize 

1. Communal @g 
2. Crop residues or stover 

Based on al1 the feed options that you could use how would you rate the hired labour time (both 

Ratinp: 

meditrm/Pveruge, 3-low/little/least. #-don 't knoiv. Ask for each feed option. 

3. Purchased Concentrates 
4. Pasture gnss & l e p n e  f 

Late dry 

Feeds source/option 

[ 5. MPT foddcr pastures 1 1 ! I 

Rating 
~ a t e  dry 1 Wet 1 Early dry 

1 6. Maize 1 1 1 1 
Based on al1 the feed options that you could use how would you rate the total labour time (both 

Wet 

lamily and hired) you would needto spend on (insert feed iype) per cow in the 
wet season? Rating: I -high/plenty/most, 2-medidaverage. 3-low/Iittld least, Cdon 't knoiv. Ask 
for each feed option. 
Based on al1 the feed options that you could use how would you rate the total hbour 
t h e  (both farnily and hired) you would need to spend on (insert feed 
îype) per cow in the early dry season? Rating: 2-high/plenty/most, htediudaverage. 3- 
loivflittld least, Cdon 'r know. Ask for each feed option. 

Early dry 



Section II Avaiiability 

3. a) Based on al1 the feed options that you could use for your cattle, how 
would you rate the availabiiity in terms of quantity of (insert feed type) in the 
late dry season? Rating: 1-high/pleny/most, 2-mediumherage, 3-lo~v/little/least, 4-don 't know. 

- .  

Ask /O r each /eed option. 

Feeds sourcdop tion 
1. Communal &ne 

b) Based on al1 the feed options that you could use how would you rate the avaitability in terms of 
quantity of (insert feed ypcy in the wet season'? Rating; l-high/plenty/most, 2- 
niediurd average, EIoiv/little/ least, 4-don 't knorv. Ask for each f iai  option. 

C) Based on ail the feed options that you couId use how tvould you rate the availability in terms of 
quantity of (insert feed type) in the early dry season'? Rating: I -  
high/plenty/most, &medium/ average. 3-low/littld least, 4-don 't knorv. Ask for each feed option. 

2, Crop residues or stover 
3. Purchased Concentrates 
4. Pasture grass & legume 
5. MPT fodder pashues 

4. a) Based on al1 the feed options that you could use for your cattle. how 
would you rate the availability in terms of quality of (insert feed ppe) in 
the late dry season? Rating: I-high/plenty/most, 2-meriitrm/clverage, 3-lorv/littldlemt, 4-don 't 

Rating 

I 

Late dry 

quality of (in.s&feed type) in the wet sezkon? Rating: 1-high/plenrv/most. 2- 
medium/ average, 3-loiv//ittle/ least. 4-don 't know. Ask for each feed option. 

knoiv, Ask for each fied option. 

e) Based on al1 the feed options that you could use how Gould yoÜrate the availability in terms of 

Wet 

Feeds sourceloption 
1. Communal .grazing 
2. Crop residues or stover 
3. Purchased Concentrates 
4. Pasture gnss & legume 
5. MPT fodder pastures 

, 6. iMaize 

quality of (insert feed type) in the earl y dry season'? Rating: 1 -high/plen@/most. 
2-rnedizrnd average, 3-l01v/little/ lrart. 4-don 't know. Ask for each feed option. 

Early dry 

5. Where did you fmd gnze and browsc in (insert season)? .4sk for each season 
and insert codesj-om the list of locations belorv. 

d) Based on al1 the feed options that you could use how would you rate the availability in terms of 

Rating 
Late dry 

Locations 
I .cornmuaal paddock 4.neighbouring villages 
2.designated grazing areci 5-private contour bunds 
3.commercial fanns 6.other (specm) 

Communai grazing 

Wet 

i 

Earlv dry 

t a t e  dry 
Aug-Dec498 

We t 
Jan-iMayb99 

Early dry 
Jun-Jul'99 



Section III Land and cash use 

6. a) Based on ail the feed options hat you couid use for your cattie, how wouid you rate the 

1 2. Cmp residues or stover 1 1 1 

Iand needed to use (insert feed) per cow in the late dry season? Rating: I - 
high/plenty. 2-mrciiudaverage. 3-low/little. 4-don 't how.  Ask for each feed option. 

3. Ekchased Concentrates 
4. Pasture gras & legume 

Feeds sourcdoption 
1. Communal 

1 5. MPT fodder ~astures 1 1 1 1 
1 6. Maue 1 1 1 

b) Based on al1 the feed options that you could use how would you rate the land needed to use 

Rating 

(i& feed type) per cow in the wet season'? Rating: I -high. 2-meriitim/average. 
3-iorv/littIe, 4-don 't knoiv. Ask for each feed option. 

c) Based on al1 the feed options that you could use would you rate the land needed to use 

Early dry Late dry 

(insert feed type) per cow in the early dry season'? Rating: 1 -lrigh/plenry. 2- 
meditim/averuge, 3-lorvilitde, 4-don 'r knoiv. Ask for each feed option. 

7. a) Based on al1 the feed options that you could use for your canle, how 
would you rate the cash needed (for input purchase - fence, hired labour, seed, seedlings, 

Wet 

fertiliser, shedlpit, chemicals, etc) to use (imert feed ype) per cow in the 
la te dry season? Raring: I -high, 2-meciium/averoge, 3-loiv/little. 4-don 't knoiv. Ask for each 
feed option. 

2. Crop residues or stover 
3. Purchased Concentrates 

Feeds sourceloption 
1. Communal grazing 

( 4. Pasture grass & legume 1 1 1 
1 5. MPT fodder ~astures 1 1 1 1 

Rating 

1 6. Maize 1 1 1 
Based on aU the feed options that you could use how would you rate the cash needed (for input 

Late dry 1 Wet 
1 

purchase - fence, hired labour, seed, seedlings, fertiliser, chernicals, etc) per cow to 
use (insertfien type) in the wet season? Ruting: I-high, 2-medirim/ average, 3- 
loiv/little. 4-don 't knorv. Ask for each feed option. 
Based on al1 the feed options that you could use how would you rate the cash needed (for input 
purchase - fence, hired labour, seed, seedlîngs, fertiliser, chernicals, etc) per cow to use 

(imert feed type) in the earIy dry season? Rating: i-high/plenty, 2- 
medirrdaveruge, 3-iow/Iittle. #-don 't know. Ask for each feed option. 

a) Did you buy any concentrates (e-g. dairy rneal) in (insert season) Tlck. Ask both 
u) m l  b)for one semon ut u timc 
b) How tnmy 50kg bags of concentntes did you buy in ( inserr season)'? rlskfor 
euch seuson . 

Early dry , 

Purchased Concentrates 
/ Late dry 1 Wet 1 Early dry 1 

Aug-Decb98 Jan-May'99 Jun-Jul'99 

1 a) Tick if purchased 1 1 
1 b) No. of bags 1 1 1 



Section IV Perceived benefits and constraints 

transport cost 6. Good profits 
2. Little demand on land 7. Good milk yieId 
3. Low s k i l h f o  need 8. Good milk quality 
4. Cheap, abundant 9. Other (specifj) 

9. a) What do you see as the one biggest benefitladvantage of using 
(insert feed option) in the late dry season? Ask for each feed option. Insert code 

h m  list of bene& below. Elaborate others. 

b) What do you see as the one biggest benefitladvantage of using 
(insert feed option) in the wet season? Ask for each feed option. Insert code 

fiom list of benefits belorv. Elaborate others. 
C) What do you see as the one biggest benefitladvantage of using 

(imert feed option) in the early dry season? Ask for each fiecf option. Insert 
cotiefmn list of bene* below. Elaborate others. 

10. a) What is the biggest constraint to using (insert 
feed option} in the iate dry season'? Ask for each feed option. Insert code for the one biggest 

Feeds sourcdoption 

cons&aint mentionedj-om the list bdorv. 

, 1. Communal grazing 
2. Crop residues or stover 
3. Purchased Concentrates 
4. Pasture passes & legumes 
5. MPT fodder trec pastuses 

, 6. Maize 
Benefits 
1. Short distance, Iow 5. Good animal health 

Wet Late dry 

b) What is the biggest constnint to using ( insert feed option} in the wet season? 
Ask for ench feed option. Insert code for the one bi.~gest consrraint mentionedfiom the list. 

Fceds source/option 1 Late dry 1 Wet 1 Early dry 1 

Early dry 

1 1. Communal g m i n g  I 

Constraints 
1 .Land 5,Fertiliser 9. Implements 

2.Seed/lings 6.Sheapit 1 O.Chemieais 

2. Crop residues or stover 
3. hrchased Concentrates 
4. Pasture grasses & legumes 
5.  MPT fodder tree pastues 
6. Maize 

C) M a t  is the biggest constraint to using (insert feed 
option) in the early dry season? Ask for each feed option. Insert code for the one biggest 
consiraint mentionedfiom the list above. 

1 

Cert i f~at i~t l :  I certifjr on my honour that this interview, according to the agreement 1 
have made as an enumerator has been conducted honestiy and completely. 

f EUNT NAME SIGNATURE DATE COMPLETED 



Multinomial Logit Model 
Maximum Likelihood Estimates 

I 

Dependent variable CC 
I 

Weighting variable ONFd 
I 

Number of observations 118 
I 

Iterations completed 8 
I 

-68.18588 
I 

Log likelihood function 
-135 .9407  

1 
Restricted log likelihood 
Chi-squared 135.5096 

I 

48 
I 

Degrees of freedom 
.0000000 

I 
Significance level 1 

Variable 1 Coefficientl~tandard Error Ib/St.Er.l~[I~l>zll Mean of X I  

Cons tant 
MPTlST 
JO1 NDAR 
INMDAR 
CROPlST 
MERDF 
MAI: ZTOT 
LAND P RB 
DARYHER 
INMI LK 
DEL1 VY 
MAIZLAB 
MPTAREA 
RECORDY 
LFAYES 
PRDSEXF 
SCOTCHY 

Constant 
MPTlST 
JOINDAR 
INMDAR 
CROPlST 
HERDF 
MAI ZTOT 
LANDPRB 
DARYHER 
ZNMILK 
DELIVY 
MAIZLAB 
MPTAREA 
RECORDY 
LFAYES 
PRDSEXF 
SCOTCHY 

Characteristics in numerator of Prob[Y = 11 
4.642147933 3.1043872 1.495 .1348 
-1.374803383 +59973500 -2.292 .O219 
.8913503211E-01 .13317502 ,669 .5033 

-1.085712100 3 -2237441 -.337 .7363 
-3.908615249 1.3227920 - 2 . 9 5 5  .O031 
1.977834808 1.4338047 1.379 -1678 
1.686550000 3 -0496364 .553 .Sa02 
2 -514732423 1.2390982 2.029 -0424 
.a687823401 .66673779 1.303 -1926 
1.464404766 1.9322333 ,758 .4485 
-,8169465794 1.3356068 - .612 -5408 
-1.056975759 .58107147 -1.819 -0689 
10.20597675 3 -7613150 2.713 -0067 
.1487578279 1.2538035 .Il9 .go56 

-.3273119019 1.1442104 -,286 -7748 
.2911691851 1.1644035 .250 .8025 

-3.171250618 1.3707560 -2.314 -0207 
Characteristics in numerator of Prob[Y = 21 



Characteristics in numerator of ProbtY = 31 
constant 7.203084236 3.5990453 2.001 
MPTlST -1.648033586 .67858009 -2 -429 
JOINDAR ,2091337319 -17325449 1.207 
INMDAR -8 -174148672 4.4796542 -1.825 
CROPlST -4 .a94876451 1.6171290 -2.780 
HERDF - .2184688574 1.7415935 - -125 
MAIZTOT 1.043376746 3.6933529 ,283 
LANDPRB 1.649439636 1.5128929 1.090 
DARYHER -.1702311613 .77617147 - ,219 
INMILK 3.531581479 2.3229747 1.520 
DELIW -,2915135225 1.7076445 - .171 
MAIZLAB -1.385159005 .69982640 -1.979 
MPTAREA 8.729902363 4.1120940 2.123 
RECORDY 1.851212330 1.4021247 1.320 
LFAYES -1.273829101 1.3853832 - -919 
PRDSEXF . 179180~031 1.3038534 .137 
SCOTCHY -1.918175876 1.4994397 -1.279 

+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  + 
1 Partial derivatives of probabilities with 1 
1 respect to the vector of characteristics. 1 
1 They are computed at the means of the Xs. 1 
1 Observations used for means are Al1 Obs. 1 
1 A full set is given for the entire set of 1 
1 outcornes, CC = O to CC = 3 .  1 
1 Probabilities at the mean vector are 
1 O =  .O13 1= - 8 7 9  S r  - 0 5 1  3 =  .O57 

1 
I 

Marginal effects on P r o b f Y  - O 1  
Constant -.5562213057€-01 .58013005E-01 -.959 
MPTlST .1662921313E-01 .172148883-01 .972 
JOINDAR -.1186999726E-02 .20138611E-02 -.589 
INMDAR .1992836089€-01 .38277223E-01 -521 
CROPlST .52020355223-03 .46445631E-01 1.120 
HERDF -.2403668378E-01 .29163927E-01 -.824 
MAIZTOT -.2238809174E-01 .42631186E-01 -.525 
LANDPRB -.3086787503E-01 .28486768E-01 -1.084 
DARYHER -.1077284117E-01 -13891744E-01 -.775 
INMfLK -.21782843853-01 -23329734E-01 -.934 
DELIVY .9977439322E-02 -197732503-01 -505 
MAIZLAB ,14251047263-03. -12741630E-01 1.118 
MPTAREA - . 1317098589 .Il907449 -1.106 
RECORDY -.3163820886E-02 -166388653-01 -.190 
LFAYES -422086913lE-02 .15296927E-01 .276 
PRDSEXF -.4270536425E-02 .15710455B-01 -.272 
SCOTCHY .4284271726E-01 .38829404E-01 1.103 

Marginal effecta on ProbCY = 11 
Constant .4378209103 .31613840 1-385 
MPTIST -.Il94309296 ,66267324E-01 -1.802 
JOINDAR .619L5907813-03 .108394676-01 . O5 7 
INMDAfZ -3504724127 -25769496 1.360 
CROPlST -.29125041553-01 -10738609 - -271 
HERDF -1643962509 .IO181477 1.615 
MAiZTOT -16393436653-01 -22672654 .O72 
LANDPRB .1889782788 -91896698E-01 2.056 
DARYHER -5817336786E-01 -562072613-01 1.035 
INMILK -.1391546327 .13014659 -1.069 
DELfVY -.64692820653-01 .82647615E-01 -.783 

t l t  



W Z L A B  .41402323993-O2 .35443389E-O1 -117 
MPTAREA .3459010915 .20513879 1.686 
RECORDY -.7638257284E-O1 .76629594E-01 -.997 
LFAYES -.1129919028E-01 .74082916E-01 -.153 
PRDSEXF -.23703983643-01 -7525850lE-01 -.315 
SCOTCHY .1799931359E-01 -96323470E-01 -187 

Marginal ef f ects on Prob [Y = 2 1 
Constant -.5577499784 .26482059 -2.106 
MPTIST -1262813370 -61389556E-01 2.057 
JOINDAR -,6358479359E-02 -742921753-02 -.a56 
INMDAR -1346276992E-01 -12472087 .IO8 
CROPlST -1264843854E-01 -689621953-01 - 183 
HERDF -.2506706842S-01 .63438037E-01 -.395 
MAIZTOT .41831058703-01 .Il937318 -350 
LANDPRB -.1208008487 .70183373E-01 -1-721 
DARYHER .8421415852E-02 .33034862€-01 -255 
INMILK .5140595599E-01 .86682105E-01 .593 
DELIVY .287900265lE-01 .45227943E-01 -637 
MAIZLAB -1704129592E-03 .19130977E-01 -009 
MPTAREA -.1520829567 .12360012 - 1- 230 
RECORDY -.1315637487E-01 .49092125E-O1 -.268 
LFAYES .6213029150E-01 .48197674E-01 1.289 
PRDSEXF ,3594903272E-01 .55159413E-01 .652 
SCOTcHY - .1339228067 .72057783E-01 -1.859 

Marginal affects on ProbtY = 31 
Constant -1755511987 .16070868 1.092 
MPTlST -.2347962057E-01 .23102437E-01 -1.016 
JOINDAR .6926320007E-02 .74655137E-02 -928 
INMDAR - .3838635435 .22265503 - 1,724 
CROPlST -.35543752218-01 .6455308lE-01 --551 
HEROF - . 1152924987 .76703992E-01 -1 -503 
MAIZTOT -.3583640360E-01 .16515412 - .217 
LANDPRB -.37309555070-01 .56672409E-01 -.658 
DARYHER -.5582194254E-01 -42981764E-01 -1.299 
INMILK .1095315206 ,93706321E-01 1.169 
DELIW .2592535485E-01 .64233460E-01 .404 
MAIZLAB -.1856169262E-01 .25999509E-01 -.Tl4 
MPTAREA -.6210827595E-01 .12864483 - .483 
RECORDY .9270276859E-01 .55060224E-01 1.684 
LFAYES -.5505197036E-01 .53337163E-01 -1.032 
PRDSEXF -.7974512655E-02 ,47680932E-01 -.167 
SCOT= .7308077583E-01 .56368971€-01 1.296 
Frequencies of actual & predicted outcornes 
Predicted outcome has maximum probability. 

Predicted 
- - - - - -  -------A----*----*-- + - - - - -  
Actual O 1 2 3 1 Total 
- - - - - -  - - - - - - - - - - - - - - - - - - - -  + - - - - -  

O 12 2 3 1 1  18 
1 1 62  2 2 1  67 
2 2 3 15 0 1  20 
3 O 4 O 9 1 13 

-----.. -----..-------------- + ---a- 

Total 15 71 20 12 1 118 



Results of MNL Model D l  tested on dry season data 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - -+  
1 Multinomial Logit Model 
1 Maximum Likelihood Estimates 

I 

1 Dependent variable CC 
I 

1 Weighting variable ONE 
I 

1 Number of observations 118 
I 

13 
I 

1 Iterations completed 
1 Log likelihood function -62.25004 

I 

1 Restricted log likelihood -141 -6107 
I 

158.7213 
I 

1 Chi-squared 
1 Degrees of freedom 42 

I 

.0000000 
I 

1 Significance level 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 
- -+  

+ - - - - - - - - - + - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - + - - - - - - - - + - - - - - - - - - + - - - - - -  

lvariable 1 Coefficient 1 Standard Error Ib/St.Er.lP[12l>z] 1 Mean of X I  
+ - - - - - - - - - + - * - - - - - - - - - - - - + - - - - - - - - - - - - - - - - + - - - - - - - - + - - - - - - - - - + - - - - - - - - - -  

Characteristics in numerator of Prob[Y = 11 
Constant 11.49475388 14.931685 .770 .4414 
MPTlST -.9857302358 1.3019641 - .757 .4490 3.8805085 
JOINDAR -1.092235761 1.1486371 -,951 .3417 9.7381356 
INMDAR 4.154354774 7.0185802 .592 ,5539 -42288136 
CROPlST -16.53303734 13.317092 -1.241 .SI44 .16101695 
HERDF 11.76604579 9.5846527 1.228 -2196 .GO338993 
SCOTCHY -13-19735086 10 -938529 -1.207 -2276 .47457627 
MPTAREA 46.77936940 41.928515 1.116 .2646 -24038136 
INMILK -1.981598754 5.7435667 - .34S -7301 l.l.779661 
DELIW 4.309550704 6. 5100946 .662 .5080 .34745763 
MAIZTOT -.7437810988 7.3178505 -. 102 .9190 .40974576 
LANDPRB .6729597983 2.6046252 .258 .7961 .34745763 
RECORDY 7.873190261 5.7405303 1,372 .1702 .37288136 
PRDSEXF -4.197091374 5.1729812 - .811 .4172 ,65254237 
DARYEER 4.861923263 3.6363146 1.337 -1812 2.6525424 

Characteristics in numerator of Ptob[Y = 21 
Constant 5.203030315 15 .O66880 .345 -7298 
MPTlST .3568891218 1.3219913 .270 -7872 3 -8805085 
JOINDAR -1.088699560 1.1507169 - .946 .3441 9.7381356 
INMDAR 4.919667039 6.9907980 .704 .4816 ,42288136 
CROPlST -19.20625912 13.261015 -1.448 .1475 .16101695 
HERDF 12.39225592 9 -6099974 1.290 -1972 -60338983 
SCOTCHY -13.88248993 10.971144 -1.265 -2057 .47457627 
MPTAREA 41.83756611 41.939169 .998 .3185 .24038136 
INMILK -.5879162304 5 -7438144 - ,102 .9185 1.1779661 
DELIVY 3.961967143 6. 5151679 -608 .5431 .34745763 
MAIZTOT -.45658586873-62 7.5241853 - .O01 .9995 .40974576 
LANDPRB .5780694730 2.6132851 .221 -8249 -34745763 
RECORDY 7,730231520 5.7803450 1.337 .1811 .37288136 
PRDSEXF -4,357752832 5 -2146449 - ,836 -4033 .65254237 
DARYHER 4.600204879 3.6355744 1.265 - 2 0 5 8  2.6525424 



Characteristics in 
Constant 18.23871155 
MPTîST -1.913575865 
JOINDAR -.6663439253 
INMDAR -4 .224234O83 
CROPIST -18.69024864 
HERDF 3 -845358445 
SCOTCHY -11.90638872 
MPTAREA 45.99242346 
ZNMILK .9433611313 
DELIVY 6.927067299 
MAIZTOT -3 -477707316 
LANDPRB -.9676847600 
RECORDY 7.9OOO2SOl4 
PRDSEXF -4.987053063 
DARYHER 2.211071369 

numerator of 
14 -874709 
1.3930667 
l.l77OSll 
8.0377079 
13.593128 
9.9409Ol7 
10.947060 
41,878458 
6.1266126 
6.7272448 
7.6748938 
2.7626291 
5.7510936 
5.2109938 
3 .O108309 

Prob [Y = 31 
1.226 
-1.374 
- .566 
- .526 
-1.375 

.387 
- 1,088 
1,098 
,154 

1.030 
- .453 
-.350 
1.374 
- .957 
-613 

Partial derivatives of probabilities with 
respect to the vector of characteristics. 
They are computed at the means of the Xs.  
Observations used for means are Al1 Obs. 
A full set is given for the entire set of 
outcornes, CC = O to CC = 3 .  
Probabilities at the mean vector are 

O= .O00 1= .792 2= .205 3= .O02 

Cons tant 
MPTlST 
JOINDAR 
1 NMDAR 
CROPIST 
HERDF 
SCOTCHY 
MPTAREA 
INMILK 
DELIW 
MAI ZTOT 
LAmPRB 
RECORDY 
PRDSEXF 
DARYHER 

Constant 
MPTlST 
JOINDAR 
INMDAR 
CROPlST 
HERDF 
SCOTCHY 
MPTAREA 
INMILK 
DELIVY 
M?U ZTOT 
LANDPRB 
RECORDY 

Marginal ef fects  on Prob[Y = O]  
-.1124540464E-07 -19466012E-06 -.O58 
.78384822943-09 .12595006E-07 .O62 
.1200039450E-08 .20567845E-07 .O58 

- .4722904398E-08 .79141884E-07 - .O60 
.1880290768E-07 -319368483-06 .O59 

-.1306883144E-07 .22166573E-06 -.O59 
.1467426055E-07 .25009210E-06 .O59 

-.5035936186E-07 .86236362E-06 -.O58 
,1858287865E-08 ,31776556E-07 .O58 

-.4670602712E-08 -80954843E-07 -.O58 
.6585436975E-09 -16763528E-07 .O39 

-.7148925769E-09 .11131986E-07 -.O64 
-.8631709493B-08 -14568969E-06 -.OS9 
.4656948188E-08 -80614979E-07 .O58 

-.528429276lE-08 -893309693-07 --O59 
Marginal effects on Prob [Y = 11 
1.010858788 -40576940 2,491 
-.2166591208 .970233813-01 -2.233 
-.1364339997E-02 .14626931E-01 -,O93 
- .IO89533927 .26391462 - -413 
.4387995175 .21891072 2,004 

-.87176767713-01 -11945687 - ,730 
.1090464203 -12160389 ,897 
.8052475814 -45531526 1.769 

- .2321037994 -14916234 -1.556 
-5168459769E-01 ,11203259 -461 

-.1151681806 -33259449 - ,346 
.18474103128-01 .IO942077 -169 
-23202667316-01 -11208189 .207 



PRDSEXF 
DARYHER 

Constant 
MPTlST 
JOINDAR 
INMDAR 
CROPlST 
HERDF 
SCOTCHY 
MPTAREA 
INMILK 
DELIW 
MAI ZTOT 
LANDPRB 
REKORDY 
PRDSEXF 
D A R W R  

Cons tant: 
MPTlST 
JOINDAR 
INMDAR 
CROPlST 
HERDF 
SCOTCHY 
MPTAREA 
I N M I L K  
DELIW 
MAI ZTOT 
LANDPRB 
RECORDY 
PRDSEXF 
DARYHER 

.27595535593-O1 .11858454 
,47479280063-01 .60051817E-01 
Marginal ef fects on Prob [Y = 

-1.029612411 -68584988 
.2194682361 ,12339823 
-3724345271E-03 .14598687E-01 
-1288679187 -28398003 

-.4350499364 -38938783 
.1059562526 ,14285220 

-,1123871061 -13256122 
-.8057836729 .53801698 

.2259488650 .15903620 
-.5795807577E-01 .IO866982 

.1219012295 .3482595i 
-.1469204165E-01 .IO836760 
-.2333388452E-01 .11121267 
-.2582968497E-01 .11919154 
-.4142235412E-01 .59940118E-01 
Marginal ef f ects on Prob [Y = 
,1875363473E-01 -43383068E-01 

-.28091161593-O2 ,65209485E-02 
.9913042696E-03 .22139780E-02 

-.1991452122E-01 ,434768713-01 
-.3749599924E-02 .10509358E-01 
- .1877947186E-01 .43035404E-01 

.334067118OE-O2 .80830248E-O2 

.5361438774B-03 .5189958SE-02 

.6354932510E-02 .14986816E-O1 

.6273482752E-02 .14849408E-01 
-.67330495883-02 .17777769E-01 
-.3782060748E-02 .86911606E-02 

.1312258390E-03 .28229952E-02 
--1765055278E-02 -48831338E-02 
-.6056920656E-02 -13596894B-01 

Frequencies of actual & predicted outcornes 
Predicted outcome has maximum probability. 




