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(ABSTRACT) 

In this study, an econometric model for testing whether female-headed households 

face unique constraints to maize production in Malawi is presented. A simulation is 

performed on the first-order equations of smallholder maize production functions and 

predicted marginal products are tested against observed input-output price ratios to detect 

input constraints and allocative inefficiency. Technical efficiency is also compared 

among headship gender categories. Results indicate that de jure female-headed 

households are less technically efficient than de facto female- and male-headed 

households. However, no evidence is found indicating that gender-specific input 

constraints exist. This study finds surplus labor present throughout Malawi’s smallholder 

sector and discusses policy alternatives in the context of poverty alleviation.
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Chapter 1 

The Plight of Female-Headed Households in Rural Malawi 

1.1 Economic Conditions 

Increasing agricultural productivity is vital to overall economic growth in 

developing nations. For Malawi. where agriculture contributes over one-third of the 

nation’s GDP and provides over 90 percent of the population with their primary source of 

income, agricultural development is especially critical. In Malawi and many other 

African nations, colonial regimes left a legacy of “dualism within dualism,” having 

established an agricultural estate sector producing crops for export supported by an 

impoverished sector of smallholder farms supplying food for domestic consumption. The 

Malawi government’s emphasis on mobilizing cash crop estates to increase exports has 

reinforced this dichotomy in the three decades since independence, draining important 

resources and income-earning opportunities from the smallholder sector. Thus, 

increasing productivity in agriculture-- and smallholder agriculture in particular-- is 

crucial to attain both economic growth and equity in Malawi. 

Although the smallholder sector accounts for over 80 percent of agricultural 

production, it 1s plagued by widespread poverty and growing land scarcity. Smallholders, 

by definition, are farmers cultivating land under customary tenure arrangements. The 

share of the national wealth held by smallholder farmers has decreased steadily since 

1969 so that, despite the fact that they make up 72 percent of the Malawi’s work force



(Sahn et al, 1990), they constitute 94 percent of the nation’s poor (World Bank, 1995a). 

Further, per capita food production has declined by an average of five percent per year 

for the past fifteen years (World Bank, 1994). Severe foreign exchange shortages 

following recent devaluations and debt problems have precluded sufficient relief through 

imports. 55 percent of all children under five are stunted by malnutrition (Kennedy and 

Peters, 1992). Clearly, increasing productivity in the smallholder sector is imperative to 

achieve food security and economic growth in Malawi. However, any effort to augment 

production must recognize and address land, nutrition, and policy factors currently 

impeding production on small farms. 

While hunger and poverty is widespread, the plight of smallholder households 

headed by females is particularly severe. Female-headed households constitute 34 

percent of all smallholder households at any one time (Lele, 1991). Research shows, 

however, that a much higher percentage of households will experience a prolonged period 

of being headed by a female due to high rates of divorce, separation, and widowhood in 

Malawian society (Hansen, 1988). Female-headed households on average cultivate only 

0.66 hectares-- 30 percent less than the average male household-- and have larger ratios 

of dependents to adult members. Female household heads also have much lower levels of 

education than men, and are less able to supplement household production with cash 

earnings or to secure credit. Further. local and hybrid maize yields in female-headed 

households are 10 to 30 percent lower on average than in male-headed holdings. Female



household heads are 36 percent less likely to adopt hybrid seeds, 33 percent less likely to 

use fertilizer. and half as likely to use pesticides as their male peers (NSSA, 1993). 

All of these factors contribute to a much higher rate of poverty among female- 

headed smallholder households in rural Malawi. In the Southern region where land is 

most scarce, 60 percent of all female-headed households fall below the fortieth percentile 

of Malawi's national income distribution. Nationally, women smallholders are 30 

percent more likely than male smallholders to be in the lowest 20 percent of the income 

distribution, and 26 percent more likely to be in the lowest 40 percent (World Bank, 

1995b). 

Numerous obstacles impede production and prosperity in rural female-headed 

households, including a lack of land, labor, cash, credit, and access to extension services. 

Land is growing scarce throughout Malawi (with over 80 people per square kilometer of 

dry land), but for women the problem presents additional complexities. In the matrilineal 

system of inheritance which predominates 1n southern and central Malawi. it is more 

difficult for women with small landholdings to find husbands. When they do marry, the 

males often must migrate in search of wage labor to supplement household income. This 

migration not only leads to the problems discussed below, but can leave a woman at risk 

of having land reappropriated if local authorities deem her incapable of cultivating the 

entire plot alone. or if they decide the household does not hold enough adults to feed to 

justify possession of the plot. Households with the smallest holdings thus are the most 

likely to be headed by females in matrilineal societies such as the Chewa and Yao.



In addition, women raised in matrilineal communities where land is scarce are 

sometimes compelled to leave their village to marry husbands living in less densely 

populated areas. Women in these cases often find themselves destitute in the event of 

divorce, separation, or widowhood, with no guarantee of continuing rights to cultivate 

their spouse's land. Women marrying within patrilineal social systems, such as the 

Moslem Tumbuka in the North, face similar uncertainties (Hirschmann, 1990; Mvula, 

1986; Davison, 1993). 

Female-headed households also experience a dynamic, two-pronged shortage of 

labor. First, they lack adult male labor. This shortage translates into a higher ratio of 

dependents to working adults within the household. It also reduces the ability of the 

household to supplement on-farm production with off-farm cash earnings. Women's 

wages in rural areas are between 30 and 75 percent less than wages received by men, 

whether women work as informal agricultural, commercial agricultural, or industrial 

laborers. Although opportunities for women to work in manufacturing have increased 

since 1980. wages have fallen as manufacturers have replaced males with female workers. 

Agricultural estates often prefer to hire males and will not hire women unless male 

laborers are unavailable. When they do hire women, estate managers often suppress their 

wages. insisting on paying them by tasks accomplished rather than time spent on jobs like 

weeding, sorting, and bundling (World Bank, 1991). Thus, women are less able than men 

to earn sufficient cash to supplement household production or purchase inputs such as 

fertilizer and hybrid seeds.



Second, female household heads can face overwhelming demands on their time 

outside of farm and wage labor. Women must spend enormous amounts of time in food 

preparation (Carr, 1991), childcare, and other household maintenance activities. One- 

third of Malawian households must travel between two and five kilometers to the nearest 

secure water source and to find firewood, taking valuable time from farming and other 

household responsibilities. Another fifth of all households are located over five 

kilometers from a clean water source (World Bank, 1991). In addition, women bear the 

"disease burden" of caring for sick household members’, a burden which peaks 

simultaneously with the demand for agricultural labor during the wet season (Lele, 1991). 

The dynamic combination of these shortages of adult male labor and general household 

labor often prevents female-headed households from securing adequate food supplies to 

meet nutritional needs. The shortfall triggers a negative feedback cycle, where the 

malnutrition that results deteriorates household labor resources, further curtailing 

productivity and leading to even deeper poverty (World Bank, 1991). 

In addition to land and labor shortages, female household heads experience 

problems gaining access to extension and credit resources. Only ten percent of extension 

workers in Malawi are female and most completed training in “female-oriented” home 

economics studies. Cultural factors limit extensive contact between the 90 percent of 

remaining male extension agents, and inhibit women’s attendance at group meetings, 

which are the foundation of Malawi’s block system of extension services (World Bank, 

  

' The spread of AIDS ts increasing the disease burden, as an estmated 2 million people in Malawi will be 

HIV positive by the year 2000 (World Bank, 199Sb). 
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1991; Spring, 1988). This inhibition reduces women’s access not only to extension 

support. but to credit because these farmer’s groups are the government’s primary 

mechanism for disbursing loans. Female-headed household are also at a disadvantage in 

competing for limited credit and extension resources because they generally are more 

resource poor. The land, labor, and cash constraints that these households face make 

them less attractive as potential borrowers and less compelling to extension agents who 

prefer to concentrate on better-off cash crop growers (Hirschmann, 1990). 

In summary, widespread poverty within the smallholder sector and chronic food 

insecurity nationwide make increasing smallholder productivity imperative to alleviate 

hunger and facilitate economic growth in Malawi. As the majority of rural households 

will be headed by a female either permanently or temporarily, women must play a key 

role in this effort. Research suggests that female-headed smallholder households in 

Malawi face unique challenges that may impose gender-specific constraints to their 

production, adversely impacting yields and technology adoption. Therefore, an economic 

study of production in female-headed households is an important preliminary step in any 

policy program to alleviate poverty and encourage economic growth. 

1.2 Problem Statement 

All of these issues have led to debate concerning how to implement policy to 

improve productive capabilities on female-headed smallholder farms. However, there 

have been few studies at the household level determining exactly which of these factors



impede production, and how they interact to reduce smallholder crop yields. Because 

temale-headed households constitute one-third of the smallholder population and have 

lower crop yields and technology adoption rates, it is impossible to construct effective 

agricultural policy without understanding the production constraints they face. 

1.3 Objectives: 

This study seeks to identify and quantify constraints to increased maize 

production in Malawi’s smallholder sector. Specifically, its objectives are 

1. To examine the productivity of different inputs into maize production to see 

if they vary according to the gender of the household head. 

2. To pinpoint gender-differentiated occurrences of non-optimal input use. 

3. To determine if incidences of non-optimal input use occur due to gender- 

specific input constraints. 

1.4 Methodology 

This study uses the first-order conditions of profit maximization to test whether 

temale-headed smallholder households face a different set of constraints than male- 

headed households. It focuses on the production of maize, as maize is the primary 

subsistence crop for smallholder farmers. First, the parameters of the maize production 

function are estimated. The joint distribution of the parameter estimates then is used to 

create 100 draws of the first-order conditions for each factor input. For each category of 

headship gender, the actual data observations are incorporated into the draws to calculate 

a distribution for the model’s predicted input-output price ratios. 

7



Actual input-output price ratios are compared to these distributions to determine if 

the shadow price is significantly different than zero, implying the existence of a binding 

constraint to the use of the input. To assure that a nonzero shadow price indicates a 

resource constraint rather than gender-differentiated allocative inefficiency, the shadow 

prices are tested to determine if they vary with the changes in the stock of management- 

related variables. The parameters of dummy variables denoting headship gender are also 

tested to determine if female-headed smallholder households are as technically efficient 

as male-headed households. 

The regression and testing will utilize data from the 1992-93 National Sample 

Survey of Agriculture (NSSA). The NSSA is a comprehensive survey of approximately 

12,000 smallholder households throughout Malawi. It includes detailed information on 

variables including household structure. income, cultivation methods, and crop yields. 

Fertilizer prices and producer prices for maize are drawn from a World Bank AFTES 

Working Paper. “Malawi Economic Reform and Agricultural Strategy” and rainfall data 

are reported by the Malawi National Statistics Office. 

1.5 Forward 

To address the issue of lower yields and greater incidences of poverty among 

female-headed households, this study examines factor productivity among households of 

differing headship gender. It determines if there are instances of gender-differentiated 

non-optimal input use and determines if these instances are caused by gender-specific



factor input constraints. The following chapter provides more information concerning the 

macroeconomic environment and immediate human challenges facing female-headed 

households. Chapter 3 describes the methodology of this study, including the theoretical 

foundations, variable definitions, and econometric modeling. Chapter 4 explains the 

results of the study’s actual statistical execution. Finally, Chapter 5 discusses the 

implications of the results, proposes appropriate policy alternatives, and elicits 

opportunities for further research into the dynamics of gender .



Chapter 2 

An Overview of Conditions Facing Malawian Smallholders 

2.1 Demographics 

Malawi is a small country (188,000 km’). Approximately one-third of its surface 

is covered by the blue waters of Lake Malawi. With a population of over 11 million, an 

average of 87 people occupy each square kilometer of dry land. This is four times the 

population density of Sub-Saharan Africa and twice the average density of the world as a 

whole. Although the United Nations Development Programme (UNDP) expects 

Malawi’s population growth rate to average 2.6 percent for the rest of this century, it has 

averaged a phenomenal 3.4 percent over the past three decades, placing it among the 

fastest growing populations in the world. Malawi also has a total fertility rate of 7.6-- the 

highest in the world’ (UNDP, 1994). As a result, the country not only faces acute and 

growing land pressures, but it also has a very young population: 49 percent of the 

population is under fifteen years old (UN, 1995). The dependency ratio-- the ratio of 

dependents to working adults-- within the average household is twice as high in rural as 

in urban areas (World Bank, 1995b), but rural female-headed households have the 

highest dependency ratio of all. A survey by Kennedy and Peters (1992) shows that 

female-headed smallholder households have a dependency ratio of 1.76. compared to 

  

> The UNDP defines the total fertility rate as “the average number of children that would be born alive to a 

woman during her lifetime, if she were to bear children at each age according to age-specific 

fertility rates.” (UNDP, 1994, p.220) 
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1.28 for male-headed households, leaving them with more mouths to feed and less adult 

labor to supplement family income. 

2.2 Nutrition, Health, and Female Headship 

Malawi suffers from seasonal and chronic food shortages. Malawi has 

experienced three droughts in the past five years. Being prone to drought, Malawi 

received 321,000 tons of cereal food aid in 1991/92 (World Bank, 1994), and 445,000 

tons in 1994/95 (EIU, 1994III). The country attains only 87 percent of its daily calorie 

requirements on average (UNDP, 1994), and much of this never reaches the poorest 

Malawians. According to the Ministry of Health, “nutritional deficiency is....a principal 

or contributing cause for a dominant portion of preventable mortality in Malawi 

(Cromwell, 1992).” 

Malnutrition has its biggest impacts on women and children. Nationwide, 76 

percent of pregnant women receive prenatal care, 40 percent of births are attended by 

healthcare professionals, and 88 percent of one-year-olds are immunized. Although all of 

these indicators exceed the averages for other Sub-Saharan nations (UNDP, 1994), 

Malawi has by far the highest infant and under-five mortality rates in the region, and a 

maternal mortality rate of 620 per 100,000 births (World Bank, 1995b). The proportion 

of underweight children has increased 25 percent over the past two decades (UNDP, 

1994). One out of every three children dies before the age of five (Cromwell, 1992). 

1]



2.3 Labor and Gender Dynamics 

Kennedy and Peters (1992) report that most female-headed smallholder 

households in Malawi achieve between 50 and 52 percent of their caloric requirements, 

whereas male-headed households attain 57 percent. Because malnutrition can 

substantially decrease productivity (Behrman, 1993), inferior nutrition can exacerbate 

their lack of adult labor. Kennedy and Peters assert that to compensate for the absence of 

adult labor, female-headed households try to prevent malnutrition from weakening their 

children. They find that the poorest female household heads devote a higher proportion 

of limited household food supplies to their children. Children in de jure and the poorest 

de facto female-headed households* consequently have higher levels of nutrition 

manifested by higher weight-for-age and height-for-age measurements than their peers in 

male-headed and high-income de facto households (Kennedy and Peters, 1992). Other 

studies (Cromwell, 1992) also report that significantly fewer under-fives suffer stunting 

in female-headed households (Table 2.1). 

Higher levels of nutrition among the children of female household heads could 

also reflect women’s effort to conserve their own labor because labor in female-headed 

households is also limited by the “disease burden” that women bear in having to care for 

the sick (World Bank. 1991). A nationwide survey shows that women not only fall ill for 

an average of 19 days per year, but they also spend an average of 19.7 days caring for ill 

members of their household (Quisumbing, Schwartz, and Chibwana, 1992). Lele (1991) 

  

‘In a de jure female-headed household, a woman is the legal head of the household because she either has 

no husband or is separated. In a de facto household. the male spouse either is absent for periods of one 

month or longer in search of wage labor or is a polygamist. 
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Table 2.1 

Child Nutrition and Headship Gender 

  

  

Holding % of Households with Stunted Under-fives 

Size 

(ha) Male-Headed Female-Headed 

0.5 60 50 

0.5-1 58 46 

1-1.5 51 47     
  

Source: Cromwell, 1992 (Table 4.9) 
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points out that this burden is highest during the rainy season, between November and 

April. Not only is the rainy season the time of peak demand for on- and off- farm labor, 

but it is also the “hungry period,” when maize-deficit smallholders seek wage labor to 

buy food (Cromwell, 1992). Studies show that the majority of smallholder households 

exhaust their own food stocks by February, the middle of the rainy season (Sahn et al, 

1990) and several months before the next harvest. Conflicting demands for women’s 

labor thus create a labor bottleneck, forcing female heads to divide their time between 

tending their own plots, working for food, and caring for sick family members. 

Researchers find that the conflicting time demands on female household heads for 

household maintenance and income earning are a major cause of food shortages (Lele, 

1991; Due, 1991; Ferguson et al, 1990). Increasing fuelwood scarcity forces rural women 

to search longer and farther to secure wood, as it is the main source of energy for 

smallholder households (UN, 1995). One-third of rural women walk over an hour a day 

collecting firewood, and one-half walk nearly that far to fetch water (World Bank, 1991). 

A time-use study in rural Malawian villages finds that women work between 4 and 6 

hours a day on domestic tasks in addition to farming activities (Engberg et al, 1991). 

The government of Malawi asserts that the short, straight-edged hoes commonly 

used by smallholders add to these problems by making cultivation unnecessarily labor- 

intensive and propose developing and dispersing long-handled hoes with toothed blades 

(Carr, 1991). As female-headed households are less likely to own productive assets, they 

have few labor-saving options for farm work (World Bank, 1995b). The conflict between 

14



crop cultivation and such domestic tasks as food processing and securing fuel and water 

can make female-headed households even more vulnerable to the cycle of undernutrition 

and depleted productivity. High numbers of closely spaced pregnancies also constrain 

women’s labor by increasing threats of disease and malnutrition. Hirschmann (1990) 

posits that limited potential for further intensification of female labor in light of these 

compounded duties makes adoption of new technologies and income-earning activities 

impossible for female-headed households. 

De jure female-headed households are less able to supplement their own food 

production with off-farm cash earnings than either male-headed or de facto female- 

headed families. De facto households, where the male spouse is away for periods longer 

than one month, often benefit from remittances from males who are engaged in wage 

labor elsewhere; they normally have higher off-farm income supplements than even male- 

headed households (NSSA, 1993). For de jure households, where the female head is 

unmarried, separated, or widowed. the main factor limiting off-farm income is a lack of 

available male labor. Estate farmers routinely discriminate against female laborers, 

hiring them only for the lowest-paying and most seasonal tasks unless men are 

unavailable (World Bank, 1991). As explained in Chapter 1, women receive lower wages 

across industries and even for informal (ganyu) agricultural labor. As a result, total off- 

farm income for de jure households averages only half that of de facto and male-headed 

household earnings (NSSA, 1993: Due, 1991).' 

  

“See Appendix I for a gender breakdown of health and education statistics. 

15



2.4 Agricultural Production Activities 

For Malawians, “maize is life” (chimanga ndi moyo) (Smale et al, 1995). Maize 

is Malawi's staple food crop for both rich and poor. It constitutes an estimated 60 percent 

of the total land cultivated by smallholders with holdings larger than 3 ha and 75 percent 

of the area cultivated by the smallest farmers with holdings less than 0.5 ha (Cromwell, 

1992). The extension manual of the Malawi Ministry of Agriculture (1994) recommends 

that “farmers should sell only surplus maize after insuring that they have stored enough 

for their family requirements until the next harvest (p.34).” Other major crops grown 

include groundnuts, pulses, sorghum, millet, and cassava. 

Yields for both local and hybrid varieties are lower among the poor than the 

nonpoor, and are lowest for the poorest households in Malawi (Table 2.2). However, it is 

remarkable that yields for de jure female-headed households are the lowest within each 

income group. Yields for groundnuts and pulses notably do not follow the same gender- 

differentiated pattern within income groups. De jure female-headed households are much 

less likely than either de facto female-headed or male-headed households to adopt hybrid 

maize varieties. This low adoption rate is a key obstacle to food security, as hybrid maize 

provides about two and a half times more calories per hectare than local strains (Sahn et 

al, 1990). 

Both male and female smallholders in Malawi lack access to credit and extension 

services. The rural credit system collapsed in 1994, when only 14 percent of 

smallholders repaid their loans to the Smallholder Agricultural Credit Administration. 

16
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Political parties led farmers to believe that the loans were a gift from the government in 

the months preceding Malawi’s first democratic presidential elections, which took place 

in August 1994. The misinformation, combined with confusion over the concurrent 

distribution of drought relief, caused widespread default, so that few smallholders were 

eligible for credit for the 1994-95 growing season. The acute lack of credit prompted a 

61 percent reduction in hybrid maize seed purchases and a 57 percent drop in fertilizer 

purchases in the smallholder sector (EIU 19941J). Similar confusion over drought-relief 

disbursement also left farmers expecting grants of seeds and fertilizer for the 1995-96 

growing season, contributing to another drop in fertilizer sales of over 50 percent from 

pre-1994 levels (EIU 1996). The Malawi government, in collaboration with the World 

Bank, has established the Malawi Rural Finance Company to avoid such 

misunderstandings in the future by giving the rural credit system a more commercial 

orientation (EIU 1994IV). —_ In 1993, before the rural financial crisis, approximately 15 

percent of smallholder farmers utilized credit (NSSA 1993). This number is high when 

compared to other African nations (Sofranko and Fliegel 1989). However, it has negative 

implications for technological development among the remaining 85 percent of 

smallholder producers because smallholders purchase 75 percent of their total hybrid 

maize seeds and fertilizer with credit (EIU 1994II). Until the credit collapse, government 

spread access to credit by integrating seasonal loans into agricultural extension club 

functions. The clubs grew rapidly throughout the nation, but incorporated only about 

one-quarter of farm households (Gladwin 1992). Further, because credit to the entire 
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club was suspended if one member defaulted. these clubs were likely to screen out labor- 

poor farmers with small holdings as poor credit risks. Despite the success the club 

strategy brought in spreading credit and extension services more widely, it skewed access 

toward larger, more commercially oriented holdings (Sofranko and Fliegel 1989). 

Because they are more likely to be resource poor, female-headed households have 

always been less likely to have access to these services. The World Bank (1991) reports 

that only 1 percent of all medium-term agricultural borrowers in the early 1980s were 

women. The situation improved somewhat during the late 1980s with the proliferation of 

Women’s Groups. Whereas smallholders with less than | ha account for half of the 

membership in Women’s Groups. onl one-third of members in traditional extension 

clubs had such small holdings. Female household heads make up 40 percent of Women’s 

Groups members, and almost 80 percent of these female heads cultivate less than | ha. 

Like traditional farmers' clubs. the Ministry of Agriculture (MOA) organized Women’s 

Groups to provide contact with field-level extension agents and to disburse credit 

(Sigman et al, 1994). The MOA also began to disburse fertilizer and seed packets 

purchased with credit in smaller sizes, which would be more suitable to smallholders 

farming holdings of less than one hectare (Lele, 1992). Nevertheless, in the 1992-93 

agricultural growing season, only 4.5 percent of de jure female household heads used 

credit to buy fertilizer, compared with 18 percent of male farmers (NSSA, 1993). 
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2.5 The Policy Environment 

2.5.1 Historical Context of Bias toward Estate Agriculture 

Malawian policies favoring estate production after independence have had adverse 

consequences for smallholder farmers. A conflict of interest between the smallholder and 

estate sectors first emerged in Malawian agriculture with the establishment of the British 

Protectorate in 1891. British farmers arriving in Malawi to start coffee, tea, cotton, and 

tobacco plantation estates faced shortages of farm hands. Initially, the colonial regime 

supported the development of the estates through land transfers and by imposing taxes on 

native Malawians to force them to supply inexpensive wage labor. It also enforced the 

thangata tenant system until 1915. which forced peasants to supply labor to the estates 1n 

exchange for use of a plot of land (Christiansen and Kydd, 1982). However, prohibiting 

smallholders from growing lucrative cash crops was the principle way the colonial regime 

prevented native farms from competing with settlers for scarce hired labor (Palmer, 

1985). 

Despite assistance from the colonial government and Imperial trade preferences 

accorded by Britain, estate agriculture in Malawi was moribund. The failure of estate 

owners to rotate their crops, high rents on Crown Lands, and exorbitant railway cargo 

rates to ports in Mozambique depressed profits and drove many settler farmers bankrupt. 

The collapse of coffee prices at the turn of the century and of tobacco and tea prices in the 

early 1930s wielded fatal blows to estate production. By 1935, British estates produced 

only 3 percent of cotton grown in Malawi. The number of tobacco farmers dropped from 
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229 in 1928 to 82 in 1935. The setbacks compelled most of the few remaining estate 

owners to turn their land over to sharecropping. They allocated export crop production to 

native Malawian farmers who could more efficiently rotate cash crops with food crops, 

and who could be evicted if they did not sell the crops to their landlord at a favorable 

price (Palmer, 1985). The failure of the British estates resulted in the dominance of 

small-scale agriculture from the late 1920s through the mid-1960s (Christiansen and 

Kydd, 1982). 

2.5.2 Post-Independence Agricultural Policy 

In the years following Malawi's independence from Great Britain in 1964, 

government shifted its focus back to estates, seeking to encourage foreign-exchange 

earning export crop cultivation. Tobacco, tea, sugar, coffee, cotton, and other agricultural 

products now constitute 88 percent of Malawi’s total exports (World Bank, 1990). The 

government passed the 1965 Land Act, stipulating that estates operate on freehold or 

leasehold land and smallholders on customary land. The Act specifically allows the 

reappropriation of customary land to freehold and leasehold tenure for estate use 

(Cromwell, 1992). From 1968 to 1981, the amount of arable land cultivated by estates 

grew from 14 percent to 19 percent. The conversion continued through the 1980s until 

14.5 percent of customary land in Malawi had been diverted to the estate sector. To 

address poverty in the smallholder sector, from 1968 until 1978 the new government 

espoused a “major projects” approach. However, the high-intensity projects both lacked 
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effectiveness within their localities and were impossible to replicate on a larger, national 

scale due to resource constraints (Khaila, 1995). 

The state also established a crop marketing board, the Agricultural Development 

and Marketing Corporation (ADMARC). The board had the sole authority to determine 

producer and consumer prices for food commodities and maintained a fixed, pan- 

territorial price for maize each year. Government required smallholder farmers to sell 

their crops through ADMARC., which effectively diverted profits from the smallholder 

sector to subsidize domestic food prices. as well as estate cash-crop production. By the 

late 1970s, ADMARC had invested 66 percent of its profits from the sale of smallholder 

food crops directly into estate production. It also used its investment portfolio to gain 

control of Malawi’s two commercial banks. By 1980, over 50 percent of all commercial 

bank advances went to commercial agricultural ventures with little adherence to standard 

risk-management policies (Christiansen and Kydd, 1982) and at subsidized interest rates. 

Under 1968 Special Crops legislation, smallholders were prohibited from growing 

the most lucrative cash crops. sheltering estates from small-scale competitors. It 

delegated flue-cured and burley tobacco for export to estates, leaving oriental fire-cured 

tobacco, as well as cotton. for smallholder cultivation. Other government policies 

suppressed minimum wages in the estate sector to keep export crops competitive on 

world markets and prohibited smallholders from receiving the same export parity prices 

for their crops that estates were paid (Cromwell, 1992).
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�t�h�e� �l�a�n�d� �a�n�d� �f�o�r� �f�o�o�d� �s�e�c�u�r�i�t�y�.� �F�i�r�s�t�.� �i�t� �r�e�d�u�c�e�s� �t�h�e� �a�g�g�r�e�g�a�t�e� �i�n�t�e�n�s�i�t�y� �o�f� �l�a�n�d� �u�s�e� �i�n� 

�M�a�l�a�w�i� �b�e�c�a�u�s�e� �l�a�r�g�e� �p�o�r�t�i�o�n�s� �o�f� �l�a�n�d� �a�l�l�o�c�a�t�e�d� �t�o� �t�h�e� �e�s�t�a�t�e� �s�e�c�t�o�r� �l�i�e� �f�a�l�l�o�w� �e�a�c�h� �y�e�a�r� 

�(�P�r�y�o�r�.� �1�9�9�0�)�.� �E�s�t�a�t�e� �o�w�n�e�r�s� �l�e�a�v�e� �b�e�t�w�e�e�n� �7�2� �a�n�d� �9�4� �p�e�r�c�e�n�t� �o�f� �t�h�e�i�r� �l�a�n�d� �u�n�c�u�l�t�i�v�a�t�e�d� 

�e�a�c�h� �y�e�a�r� �(�C�r�o�m�w�e�l�l�,� �1�9�9�2�)�.� �f�a�r� �m�o�r�e� �t�h�a�n� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �r�o�t�a�t�i�o�n�a�l� �p�u�r�p�o�s�e�s�.� �A�s� �r�e�n�t�s� 

�o�n� �l�e�a�s�e�h�o�l�d� �l�a�n�d� �a�r�e� �l�o�w� �a�n�d� �r�e�n�t� �c�o�l�l�e�c�t�i�o�n� �i�s� �o�f�t�e�n� �n�o�t� �e�n�f�o�r�c�e�d� �a�n�d� �t�h�e�y� �h�a�v�e� �h�a�d� �n�o� 

�i�n�c�e�n�t�i�v�e� �t�o� �c�u�l�t�i�v�a�t�e� �m�o�r�e� �i�n�t�e�n�s�i�v�e�l�y� �(�W�o�r�l�d� �B�a�n�k�,� �1�9�8�7�)�.� �S�e�c�o�n�d�,� �s�m�a�l�l�h�o�l�d�e�r�s� 

�s�e�e�k�i�n�g� �w�a�g�e� �l�a�b�o�r� �t�o� �s�u�p�p�l�e�m�e�n�t� �h�o�u�s�e�h�o�l�d� �i�n�c�o�m�e� �d�o� �s�o� �a�t� �t�h�e� �e�x�p�e�n�s�e� �o�f� �t�h�e� 

�p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �t�h�e�i�r� �o�w�n� �l�a�n�d�,� �a�s� �t�h�e�y� �a�r�e� �f�o�r�c�e�d� �t�o� �n�e�g�l�e�c�t� �s�e�e�d�i�n�g� �a�n�d� �w�e�e�d�i�n�g� �t�a�s�k�s� �o�n� 

�t�h�e�i�r� �o�w�n� �p�l�o�t�s� �d�u�r�i�n�g� �t�i�m�e�s� �o�f� �p�e�a�k� �o�f�f�-�f�a�r�m� �l�a�b�o�r� �d�e�m�a�n�d� �(�C�h�r�i�s�t�i�a�n�s�e�n� �a�n�d� �K�y�d�d�,� 

�1�9�8�2�)�.� �F�o�o�d� �s�h�o�r�t�a�g�e�s� �s�t�e�m�m�i�n�g� �f�r�o�m� �l�a�n�d� �c�o�n�s�t�r�a�i�n�t�s� �a�r�e� �e�v�i�d�e�n�t� �a�s� �8�3� �p�e�r�c�e�n�t� �o�f� 

�h�o�u�s�e�h�o�l�d�s� �w�i�t�h� �l�e�s�s� �t�h�a�n� �0�.�7� �h�a� �a�n�d� �7�2� �p�e�r�c�e�n�t� �o�f� �h�o�u�s�e�h�o�l�d�s� �w�i�t�h� �b�e�t�w�e�e�n� �0�.�7� �a�n�d� �1�.�5� 
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�h�a� �e�x�h�a�u�s�t� �t�h�e�i�r� �f�o�o�d� �s�t�o�c�k�s� �b�y� �t�h�e� �p�r�e�-�h�a�r�v�e�s�t� �m�o�n�t�h� �o�f� �F�e�b�r�u�a�r�y� �(�S�a�h�n� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

�T�h�e� �7�2� �p�e�r�c�e�n�t� �o�f� �s�m�a�l�l�h�o�l�d�e�r�s� �o�w�n�i�n�g� �l�e�s�s� �t�h�a�n� �o�n�e� �h�e�c�t�a�r�e� �(�W�o�r�l�d� �B�a�n�k�,� �1�9�9�5�)� �s�i�m�p�l�y� 

�c�a�n� �n�o�t� �p�r�o�d�u�c�e� �a�d�e�q�u�a�t�e� �c�a�l�o�r�i�e�s� �f�r�o�m� �t�h�e�i�r� �l�a�n�d�h�o�l�d�i�n�g�s� �u�s�i�n�g� �t�r�a�d�i�t�i�o�n�a�l� �t�e�c�h�n�o�l�o�g�i�e�s�.� 

�2�.�5�.�3� �R�e�f�o�r�m� �I�n�i�t�i�a�t�i�v�e�s� 

�T�h�e� �M�a�l�a�w�i� �g�o�v�e�r�n�m�e�n�t� �b�e�g�a�n� �t�o� �r�e�f�o�r�m� �p�o�l�i�c�i�e�s� �a�d�v�e�r�s�e�l�y� �e�f�f�e�c�t�i�n�g� �t�h�e� �r�u�r�a�l� 

�p�o�p�u�l�a�t�i�o�n� �w�i�t�h� �t�h�e� �h�e�l�p� �o�f� �a� �s�e�r�i�e�s� �o�f� �S�t�r�u�c�t�u�r�a�l� �A�d�j�u�s�t�m�e�n�t� �L�o�a�n�s� �(�S�A�L�s�)� �o�c�c�u�r�r�i�n�g� �i�n� 

�1�9�8�1�,� �1�9�8�4�,� �a�n�d� �1�9�8�5�.� �T�h�e� �g�o�v�e�r�n�m�e�n�t� �i�n�i�t�i�a�t�e�d� �t�h�e� �p�r�i�v�a�t�i�z�a�t�i�o�n� �o�f� �A�D�M�A�R�C� 

�m�a�r�k�e�t�i�n�g� �p�o�s�t�s� �i�n� �1�9�8�7�.� �A�D�M�A�R�C� �a�n�d� �p�r�i�v�a�t�e� �t�r�a�d�e�r�s� �n�o�w� �c�o�m�p�e�t�e� �i�n� �t�h�e� �m�o�r�e� �w�e�l�l� 

�d�e�v�e�l�o�p�e�d� �m�a�r�k�e�t� �l�o�c�a�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �f�a�r�m�e�r�s� �i�n� �r�e�m�o�t�e� �a�r�e�a�s� �h�a�v�e� �s�u�f�f�e�r�e�d� �a�s� �a� �r�e�s�u�l�t� 

�o�f� �t�h�i�s� �l�i�b�e�r�a�l�i�z�a�t�i�o�n�.� �T�h�e�y� �a�r�e� �n�o�w� �s�u�b�j�e�c�t� �t�o� �h�i�g�h� �t�r�a�n�s�a�c�t�i�o�n�s� �c�o�s�t�s� �p�a�s�s�e�d� �d�o�w�n� �b�y� �t�h�e� 

�n�e�w� �p�r�i�v�a�t�e� �t�r�a�d�e�r�s� �(�C�r�o�m�w�e�l�l�,� �1�9�9�2�)�.� �L�i�c�e�n�s�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s�,� �c�a�p�i�t�a�l� �s�h�o�r�t�a�g�e�s�,� �a�n�d� �a� 

�h�i�g�h�l�y� �r�e�g�u�l�a�t�e�d� �t�r�a�n�s�p�o�r�t� �s�y�s�t�e�m� �w�h�i�c�h�,� �a�m�o�n�g� �o�t�h�e�r� �t�h�i�n�g�s�,� �p�r�o�h�i�b�i�t�s� �c�a�r�r�y�i�n�g� 

�p�a�s�s�e�n�g�e�r�s� �a�n�d� �g�o�o�d�s� �i�n� �t�h�e� �s�a�m�e� �v�e�h�i�c�l�e�,� �h�a�v�e� �p�r�e�v�e�n�t�e�d� �t�r�a�d�e�r�s� �f�r�o�m� �p�e�n�e�t�r�a�t�i�n�g� �t�h�e� 

�m�o�s�t� �r�e�m�o�t�e� �r�u�r�a�l� �o�u�t�p�o�s�t�s� �(�S�m�i�t�h�,� �1�9�9�5�)�.� 

�C�o�n�s�e�q�u�e�n�t�l�y�,� �m�e�r�c�h�a�n�t�s� �h�a�v�e� �n�o�t� �f�i�l�l�e�d� �a�l�l� �o�f� �t�h�e� �2�0� �p�e�r�c�e�n�t� �o�f� �A�D�M�A�R�C� �p�o�s�t�s� 

�t�h�a�t� �w�e�r�e� �c�o�m�p�l�e�t�e�l�y� �s�h�u�t� �d�o�w�n� �a�n�d� �f�a�r�m�e�r�s� �t�h�e�r�e� �m�a�y� �h�a�v�e� �n�o� �m�a�r�k�e�t� �a�c�c�e�s�s� �a�t� �a�l�l� 

�(�C�h�r�i�s�t�i�a�n�s�e�n� �a�n�d� �S�t�a�c�k�h�o�u�s�e�,� �1�9�8�9�)�.� �R�e�m�a�i�n�i�n�g� �A�D�M�A�R�C� �p�o�s�t�s� �d�o� �n�o�t� �o�p�e�n� �u�n�t�i�l� �J�u�l�y� 

�1�,� �f�o�r�c�i�n�g� �s�m�a�l�l�-�s�c�a�l�e� �f�a�r�m�e�r�s� �w�h�o� �n�e�e�d� �t�o� �s�e�l�l� �t�h�e�i�r� �h�a�r�v�e�s�t� �e�a�r�l�y� �t�o� �a�c�c�e�p�t� �l�o�w�e�r� �p�r�i�c�e�s� 

�f�r�o�m� �t�r�a�d�e�r�s� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �m�a�r�k�e�t�i�n�g� �s�e�a�s�o�n� �(�C�r�o�m�w�e�l�l�,� �1�9�9�2�)�.� �A�D�M�A�R�C� �h�a�s� 

�f�o�r�g�o�n�e� �i�t�s� �p�a�n�-�t�e�r�r�i�t�o�r�i�a�l� �p�r�i�c�i�n�g� �p�o�l�i�c�y� �a�n�d� �n�o�w� �m�a�i�n�t�a�i�n�s� �m�a�i�z�e� �p�r�i�c�e�s� �n�a�t�i�o�n�w�i�d�e� 
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�w�i�t�h�i�n� �a� �b�r�o�a�d�e�r�,� �g�o�v�e�r�n�m�e�n�t�-�s�p�e�c�i�f�i�e�d� �b�a�n�d� �(�E�I�U�,� �1�9�9�5�I�I�I�)�.� �H�o�w�e�v�e�r�,� �e�v�e�n� �w�i�t�h� �p�a�n�-� 

�t�e�r�r�i�t�o�r�i�a�l� �p�r�i�c�e� �c�e�i�l�i�n�g�s� �i�n� �e�f�f�e�c�t�,� �m�a�i�z�e�-�d�e�f�i�c�i�t� �h�o�u�s�e�h�o�l�d�s� �i�n� �r�e�m�o�t�e� �a�r�e�a�s� �p�a�i�d� �m�a�i�z�e� 

�p�r�i�c�e�s� �a�s� �m�u�c�h� �a�s� �t�h�r�e�e� �t�i�m�e�s� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �o�f�f�i�c�i�a�l� �A�D�M�A�R�C� �c�e�i�l�i�n�g� �d�u�r�i�n�g� �t�h�e� 

�h�u�n�g�r�y� �s�e�a�s�o�n� �b�e�t�w�e�e�n� �D�e�c�e�m�b�e�r� �a�n�d� �M�a�r�c�h� �(�C�r�o�m�w�e�l�l�,� �1�9�9�2�)�.� �H�i�g�h�e�r� �p�r�i�c�e�s� �a�r�i�s�i�n�g� 

�s�i�n�c�e� �l�i�b�e�r�a�l�i�z�a�t�i�o�n� �a�r�e� �a� �p�o�s�i�t�i�v�e� �d�e�v�e�l�o�p�m�e�n�t� �f�o�r� �m�a�i�z�e�-�s�u�f�f�i�c�i�e�n�t� �o�r� �c�a�s�h�-�c�r�o�p�p�i�n�g� 

�h�o�u�s�e�h�o�l�d�s� �w�i�t�h� �m�a�r�k�e�t� �a�c�c�e�s�s�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �h�i�g�h�e�r� �p�r�i�c�e�s� �a�n�d� �s�h�u�t�d�o�w�n� �o�f� �t�h�e� �s�m�a�l�l�e�s�t� 

�A�D�M�A�R�C� �m�a�r�k�e�t�i�n�g� �p�o�s�t�s� �h�u�r�t�s� �b�o�t�h� �m�a�i�z�e�-�d�e�f�i�c�i�t� �h�o�u�s�e�h�o�l�d�s� �a�n�d� �h�o�u�s�e�h�o�l�d�s� �i�n� 

�r�e�m�o�t�e� �a�r�e�a�s� �w�h�o� �e�i�t�h�e�r� �m�u�s�t� �b�e�a�r� �h�i�g�h�e�r� �t�r�a�n�s�p�o�r�t� �c�o�s�t�s� �w�i�t�h� �p�r�i�v�a�t�e� �t�r�a�d�e�r�s�,� �o�r� �w�h�o� �m�a�y� 

�h�a�v�e� �n�o� �m�a�r�k�e�t� �a�c�c�e�s�s� �a�t� �a�l�l�.� 

�T�h�e� �g�o�v�e�r�n�m�e�n�t� �i�n�s�t�i�t�u�t�e�d� �t�h�e� �F�e�r�t�i�l�i�z�e�r� �S�u�b�s�i�d�y� �R�e�m�o�v�a�l� �P�r�o�g�r�a�m� �i�n� �1�9�8�3� �u�n�d�e�r� 

�S�A�L� �I�I� �l�a�r�g�e�l�y� �b�e�c�a�u�s�e� �t�h�e� �s�m�a�l�l�h�o�l�d�e�r� �f�e�r�t�i�l�i�z�e�r� �s�u�b�s�i�d�y� �w�a�s� �a� �m�a�j�o�r� �c�a�u�s�e� �o�f� 

�A�D�M�A�R�C ��s� �f�i�n�a�n�c�i�a�l� �d�i�f�f�i�c�u�l�t�i�e�s� �(�C�h�r�i�s�t�i�a�n�s�e�n� �a�n�d� �S�t�a�c�k�h�o�u�s�e�,� �1�9�8�9�)�.� �A�s� �m�u�c�h� �a�s� �3�5� 

�t�o� �4�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �s�u�b�s�i�d�i�z�e�d� �f�e�r�t�i�l�i�z�e�r� �l�e�a�k�e�d� �t�o� �t�h�e� �e�s�t�a�t�e� �s�e�c�t�o�r� �(�M�t�a�w�a�l�i�,� �1�9�9�4�)� �a�n�d� 

�t�h�e�r�e� �w�e�r�e� �q�u�e�s�t�i�o�n�s� �a�s� �t�o� �t�h�e� �o�v�e�r�a�l�l� �l�e�v�e�l� �o�f� �p�r�o�d�u�c�t�i�o�n� �e�f�f�i�c�i�e�n�c�y� �e�n�c�o�u�r�a�g�e�d� �b�y� �t�h�e� 

�p�r�o�g�r�a�m�.� �D�e�s�p�i�t�e� �t�h�e� �r�e�m�o�v�a�l� �o�f� �a�l�l� �e�l�e�m�e�n�t�s� �o�f� �t�h�e� �s�u�b�s�i�d�y� �o�t�h�e�r� �t�h�a�n� �i�n�c�r�e�a�s�e�s� �i�n� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t�s �� �(�M�t�a�w�a�l�i�,� �1�9�9�4�)�,� �f�e�r�t�i�l�i�z�e�r� �u�s�e� �b�y� �s�m�a�l�l�h�o�l�d�e�r�s� �i�n�c�r�e�a�s�e�d� �o�v�e�r� �7�0� 

�p�e�r�c�e�n�t� �b�e�t�w�e�e�n� �1�9�8�3� �a�n�d� �1�9�9�0� �(�S�a�h�n� �e�t� �a�l�.�,� �1�9�9�0�)�.� �N�o�m�i�n�a�l� �f�e�r�t�i�l�i�z�e�r� �p�r�i�c�e�s� �h�a�v�e� �t�r�i�p�l�e�d� 

�i�n� �t�h�e� �p�a�s�t� �y�e�a�r� �d�u�e� �t�o� �f�u�r�t�h�e�r� �s�u�b�s�i�d�y� �r�e�m�o�v�a�l�s� �a�n�d� �t�h�e� �d�e�p�r�e�c�i�a�t�i�o�n� �o�f� �t�h�e� �M�a�l�a�w�i� 

�K�w�a�c�h�a�.� �S�t�e�e�p� �p�r�i�c�e� �i�n�c�r�e�a�s�e�s�,� �c�o�m�b�i�n�e�d� �w�i�t�h� �r�e�c�e�n�t� �c�r�e�d�i�t� �c�o�n�f�u�s�i�o�n�,� �c�a�u�s�e�d� �t�h�e� �s�h�a�r�p� 

�d�r�o�p� �i�n� �t�h�i�s� �y�e�a�r ��s� �f�e�r�t�i�l�i�z�e�r� �p�u�r�c�h�a�s�e�s� �(�E�I�U�,� �1�9�9�6�1�)�.� �A�l�t�h�o�u�g�h� �f�e�r�t�i�l�i�z�e�r� �h�a�s� �b�e�c�o�m�e� �m�o�r�e� 

� � 

�~� �T�h�e� �M�a�l�a�w�!� �g�o�v�e�r�n�m�e�n�t� �c�o�n�t�i�n�u�e�d� �t�o� �s�u�b�s�i�d�i�z�e� �t�h�e� �c�o�s�t� �o�f� �t�r�a�n�s�p�o�r�t�i�n�g� �f�e�r�t�i�l�i�z�e�r� �i�n�t�o� �t�h�e� �c�o�u�n�t�r�y� �i�n� �a�n� 
�a�t�t�e�m�p�t� �t�o� �o�f�f�s�e�t� �l�a�r�g�e� �i�n�c�r�e�a�s�e�s� �i�n� �t�r�a�n�s�p�o�r�t� �c�o�s�t�s� �c�a�u�s�e�d� �b�y� �t�h�e� �w�a�r� �i�n� �n�e�i�g�h�b�o�r�i�n�g� �M�o�z�a�m�b�i�q�u�e�.� 
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�e�x�p�e�n�s�i�v�e�,� �l�i�b�e�r�a�l�i�z�a�t�i�o�n� �o�f� �f�e�r�t�i�l�i�z�e�r� �i�m�p�o�r�t�s� �h�a�s� �i�n�t�r�o�d�u�c�e�d� �c�o�m�p�e�t�i�t�i�o�n� �f�r�o�m� �p�r�i�v�a�t�e� 

�t�r�a�d�e�r�s� �a�n�d� �c�h�e�m�i�c�a�l� �c�o�m�p�a�n�i�e�s�,� �m�a�k�i�n�g� �n�u�t�r�i�e�n�t� �i�n�p�u�t�s� �m�o�r�e� �w�i�d�e�l�y� �a�v�a�i�l�a�b�l�e� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �a�g�r�i�c�u�l�t�u�r�a�l� �s�e�c�t�o�r� �(�E�I�U�,� �1�9�9�6�I�)�.� 

�C�r�o�p� �r�e�g�u�l�a�t�i�o�n� �a�n�d� �o�u�t�p�u�t� �p�r�i�c�e� �r�e�f�o�r�m� �h�a�v�e� �m�i�x�e�d� �e�f�f�e�c�t�s� �o�n� �w�e�l�f�a�r�e� �i�n� �t�h�e� 

�s�m�a�l�l�h�o�l�d�e�r� �s�e�c�t�o�r�.� �U�n�d�e�r� �t�h�e� �1�9�9�0� �W�o�r�l�d� �B�a�n�k� �A�g�r�i�c�u�l�t�u�r�e� �S�e�c�t�o�r�a�l� �A�d�j�u�s�t�m�e�n�t� �C�r�e�d�i�t� 

�p�r�o�g�r�a�m�.� �t�h�e� �g�o�v�e�r�n�m�e�n�t� �b�e�g�a�n� �t�o� �a�l�l�o�w� �s�m�a�l�l�h�o�l�d�e�r�s� �t�o� �g�r�o�w� �b�u�r�l�e�y� �t�o�b�a�c�c�o� �u�n�d�e�r� �a� 

�r�e�s�t�r�i�c�t�i�v�e� �q�u�o�t�a� �s�y�s�t�e�m� �(�M�t�a�w�a�l�i�,� �1�9�9�4�)�.� �S�m�a�l�l�h�o�l�d�e�r�s� �n�o�w� �a�c�c�o�u�n�t� �f�o�r� �a�l�m�o�s�t� �4�0� 

�p�e�r�c�e�n�t� �o�f� �M�a�l�a�w�i ��s� �b�u�r�l�e�y� �t�o�b�a�c�c�o� �p�r�o�d�u�c�t�i�o�n�.� �H�o�w�e�v�e�r�,� �e�f�f�o�r�t�s� �t�o� �e�n�s�u�r�e� �p�r�i�c�e� �s�t�a�b�i�l�i�t�y� 

�b�y� �i�m�p�o�s�i�n�g� �c�e�i�l�i�n�g�s� �o�n� �c�o�n�s�u�m�e�r� �p�r�i�c�e�s� �h�a�v�e� �c�o�n�f�l�i�c�t�e�d� �w�i�t�h� �o�u�t�p�u�t� �p�r�i�c�e� �r�e�f�o�r�m�.� �E�v�e�n� 

�a�m�i�d�s�t� �l�a�r�g�e� �p�r�o�d�u�c�e�r� �p�r�i�c�e� �i�n�c�r�e�a�s�e�s� �u�n�d�e�r� �r�e�c�e�n�t� �l�i�b�e�r�a�l�i�z�a�t�i�o�n� �e�f�f�o�r�t�s�,� �l�a�n�d� �p�r�e�s�s�u�r�e�s� 

�p�r�e�v�e�n�t� �p�r�i�c�e�-�r�e�s�p�o�n�s�i�v�e� �s�m�a�l�l�h�o�l�d�e�r�s� �f�r�o�m� �e�x�p�a�n�d�i�n�g� �t�h�e�i�r� �h�o�l�d�i�n�g�s� �t�o� �e�x�p�l�o�i�t� �p�r�o�f�i�t�s� 

�f�r�o�m� �l�u�c�r�a�t�i�v�e� �c�r�o�p�s�,� �s�o� �t�h�a�t� �t�h�e�y� �m�u�s�t� �r�e�a�l�l�o�c�a�t�e� �l�i�m�i�t�e�d� �s�u�b�s�i�s�t�e�n�c�e� �c�r�o�p�l�a�n�d� �(�C�r�o�m�w�e�l�l�,� 

�1�9�9�2�)�.� �S�m�a�l�l�h�o�l�d�e�r� �c�o�n�f�i�d�e�n�c�e� �i�n� �t�h�e� �y�e�a�r�-�r�o�u�n�d� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �f�o�o�d� �i�n� �t�h�e� �m�a�r�k�e�t�p�l�a�c�e� 

�m�u�s�t� �i�n�c�r�e�a�s�e� �b�e�f�o�r�e� �w�i�d�e�s�p�r�e�a�d� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �c�a�n� �t�a�k�e� �p�l�a�c�e�.� 

�2�.�5�.�4� �A� �N�e�w� �C�o�m�m�i�t�m�e�n�t� �t�o� �A�l�l�e�v�i�a�t�i�n�g� �P�o�v�e�r�t�y� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �c�o�n�t�i�n�u�i�n�g� �e�c�o�n�o�m�i�c� �r�e�f�o�r�m�,� �t�h�e� �n�a�t�i�o�n ��s� �f�i�r�s�t� �d�e�m�o�c�r�a�t�i�c�a�l�l�y� �e�l�e�c�t�e�d� 

�p�r�e�s�i�d�e�n�t�,� �B�a�k�i�l�i� �M�u�l�u�z�i�,� �h�a�s� �d�e�c�l�a�r�e�d� �a� �c�o�m�m�i�t�m�e�n�t� �t�o� �p�o�v�e�r�t�y� �a�l�l�e�v�i�a�t�i�o�n� �s�i�n�c�e� �h�i�s� 

�i�n�a�u�g�u�r�a�t�i�o�n� �i�n� �1�9�9�4� �(�E�I�U�,� �1�9�9�4�I�/�I�)�.� �H�i�s� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �l�o�s�t� �n�o� �t�i�m�e� �i�n� �e�l�i�m�i�n�a�t�i�n�g� 

�p�r�i�m�a�r�y� �s�c�h�o�o�l� �f�e�e�s�.� �F�u�n�d�i�n�g� �f�o�r� �p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �h�a�s� �t�r�i�p�l�e�d�,� �w�i�t�h� �a� �s�p�e�c�i�a�l� �e�m�p�h�a�s�i�s� �o�n� 

�p�r�i�m�a�r�y� �s�c�h�o�o�l�i�n�g�,� �w�h�i�c�h� �h�a�s� �g�r�o�w�n� �f�r�o�m� �4�5� �t�o� �7�1� �p�e�r�c�e�n�t� �o�f� �t�o�t�a�l� �p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� 
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�s�p�e�n�d�i�n�g�.� �A�l�t�h�o�u�g�h� �t�h�e�y� �r�e�m�a�i�n� �l�o�w�,� �p�r�i�m�a�r�y� �s�c�h�o�o�l� �e�n�r�o�l�l�m�e�n�t�s� �h�a�v�e� �i�n�c�r�e�a�s�e�d� �6�0� 

�p�e�r�c�e�n�t� �n�a�t�i�o�n�w�i�d�e� �s�i�n�c�e� �1�9�9�3�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �p�r�i�m�a�r�y�-�l�e�v�e�l� �f�u�n�d�i�n�g� 

�w�a�s� �d�e�v�o�t�e�d� �t�o� �t�e�a�c�h�e�r� �s�a�l�a�r�i�e�s�,� �b�u�t� �t�h�e�r�e� �i�s� �s�t�i�l�l� �a� �s�e�v�e�r�e� �s�h�o�r�t�a�g�e� �o�f� �t�r�a�i�n�e�d� �i�n�s�t�r�u�c�t�o�r�s�,� 

�c�l�a�s�s�r�o�o�m�s�,� �a�n�d� �m�a�t�e�r�i�a�l�s� �(�W�o�r�l�d� �B�a�n�k�,� �1�9�9�5�)�.� 

�D�e�s�p�i�t�e� �f�o�u�r� �c�i�v�i�l� �s�e�r�v�i�c�e� �s�t�r�i�k�e�s� �s�i�n�c�e� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �h�i�s� �t�e�r�m�,� �M�u�l�u�z�i ��s� 

�a�d�m�i�n�i�s�t�r�a�t�i�o�n� �i�s� �l�a�u�n�c�h�i�n�g� �a� �m�u�l�t�i�t�u�d�e� �o�f� �o�t�h�e�r� �p�r�o�g�r�a�m�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �w�e�l�f�a�r�e� �o�f� 

�s�m�a�l�l�h�o�l�d�e�r� �f�a�r�m�e�r�s�.� �I�n� �S�e�p�t�e�m�b�e�r� �1�9�9�5�,� �h�e� �i�n�i�t�i�a�t�e�d� �t�h�e� �M�a�l�a�w�i� �S�o�c�i�a�l� �A�c�t�i�o�n� �F�u�n�d� 

�(�M�A�S�A�F�)� �w�i�t�h� �s�u�p�p�o�r�t� �f�r�o�m� �t�h�e� �W�o�r�l�d� �B�a�n�k�.� �M�A�S�A�F� �i�s� �d�e�s�i�g�n�e�d� �t�o� �a�l�l�o�c�a�t�e� �f�u�n�d�s� �t�o� 

�l�o�c�a�l�i�t�i�e�s� �f�o�r� �t�h�e�i�r� �o�w�n� �c�o�m�m�u�n�i�t�y� �d�e�v�e�l�o�p�m�e�n�t�,� �w�i�t�h� �p�r�o�j�e�c�t� �d�e�s�i�g�n� �a�n�d� �a�d�d�i�t�i�o�n�a�l� �c�a�s�h� 

�o�r� �i�n�-�k�i�n�d� �i�n�v�e�s�t�m�e�n�t�s� �e�m�e�r�g�i�n�g� �f�r�o�m� �a� �h�i�e�r�a�r�c�h�y� �o�f� �g�r�a�s�s�r�o�o�t�s� �c�o�m�m�i�t�t�e�e�s� �n�a�t�i�o�n�w�i�d�e�.� 

�W�i�t�h� �t�h�e� �h�e�l�p� �o�f� �t�h�e� �W�o�r�l�d� �B�a�n�k� �a�n�d� �t�h�e� �N�o�r�d�i�c� �D�e�v�e�l�o�p�m�e�n�t� �F�u�n�d�.� �t�h�e� �g�o�v�e�r�n�m�e�n�t� �h�a�s� 

�i�n�i�t�i�a�t�e�d� �a�n� �e�x�t�e�n�s�i�v�e� �f�o�u�r�-�y�e�a�r� �p�r�o�j�e�c�t� �b�u�i�l�d�i�n�g� �w�a�t�e�r� �r�e�s�e�r�v�o�i�r�s� �t�o� �m�a�k�e� �t�h�e� �c�o�u�n�t�r�y� �l�e�s�s� 

�p�r�o�n�e� �t�o� �d�r�o�u�g�h�t�.� �(�E�I�U�,� �1�9�9�5�I�V�)� �T�h�e� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �i�s� �a�l�s�o� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �p�o�l�i�t�i�c�a�l�l�y� 

�d�i�v�i�s�i�v�e� �i�s�s�u�e� �o�f� �l�a�n�d� �r�e�f�o�r�m� �(�E�I�U�,� �1�9�9�5�I�I�)�.� 

�2�.�6� �E�x�a�m�i�n�i�n�g� �T�h�e� �E�c�o�n�o�m�i�c� �P�o�s�i�t�i�o�n� �o�f� �F�e�m�a�l�e�-�H�e�a�d�e�d� �H�o�u�s�e�h�o�l�d�s� 

�T�h�u�s�.� �a� �s�u�r�v�e�y� �o�f� �l�i�t�e�r�a�t�u�r�e� �o�n� �e�c�o�n�o�m�i�c� �c�o�n�d�i�t�i�o�n�s� �i�n� �M�a�l�a�w�i� �i�n�d�i�c�a�t�e�s� �t�h�a�t� 

�f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �m�a�y� �f�a�c�e� �u�n�i�q�u�e� �o�b�s�t�a�c�l�e�s� �i�n� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�o�n�.� �P�o�s�s�i�b�l�e� 

�c�o�n�s�t�r�a�i�n�t�s� �i�n�c�l�u�d�e� �a� �s�h�o�r�t�a�g�e� �o�f� �a�d�u�l�t� �l�a�b�o�r� �a�n�d� �s�m�a�l�l�e�r� �l�a�n�d�h�o�l�d�i�n�g�s�.� �H�a�v�i�n�g� �f�e�w�e�r� 

�o�p�p�o�r�t�u�n�i�t�i�e�s� �t�o� �e�a�r�n� �c�a�s�h� �i�n�c�o�m�e� �a�n�d� �l�e�s�s� �a�c�c�e�s�s� �t�o� �c�r�e�d�i�t� �a�n�d� �e�x�t�e�n�s�i�o�n� �t�h�a�n� �m�a�l�e�s� �m�a�y� 

�a�l�s�o� �p�r�e�v�e�n�t� �f�e�m�a�l�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s� �f�r�o�m� �a�d�o�p�t�i�n�g� �f�e�r�t�i�l�i�z�e�r� �a�n�d� �i�m�p�r�o�v�e�d� �m�a�i�z�e� 
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�v�a�r�i�e�t�i�e�s�.� �P�o�l�i�c�y� �b�i�a�s� �t�o�w�a�r�d� �e�s�t�a�t�e� �a�g�r�i�c�u�l�t�u�r�e� �i�n� �t�h�e� �t�h�r�e�e� �d�e�c�a�d�e�s� �f�o�l�l�o�w�i�n�g� 

�i�n�d�e�p�e�n�d�e�n�c�e� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �i�n�c�r�e�a�s�e�d� �p�o�v�e�r�t�y� �a�n�d� �l�a�n�d� �p�r�e�s�s�u�r�e�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 

�s�m�a�l�l�h�o�l�d�e�r� �s�e�c�t�o�r�,� �b�u�t� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �n�o�w� �c�o�n�s�t�i�t�u�t�e� �a� �d�i�s�p�r�o�p�o�r�t�i�o�n�a�t�e�l�y� 

�h�i�g�h� �f�r�a�c�t�i�o�n� �o�f� �M�a�l�a�w�i ��s� �p�o�o�r�.� �T�h�e� �c�u�r�r�e�n�t� �p�r�e�s�i�d�e�n�t� �o�f� �M�a�l�a�w�i� �h�a�s� �e�s�t�a�b�l�i�s�h�e�d� �p�o�v�e�r�t�y� 

�a�l�l�e�v�i�a�t�i�o�n� �a�s� �a�n�e�w� �c�o�m�m�i�t�m�e�n�t� �f�o�r� �g�o�v�e�r�n�m�e�n�t� �p�o�l�i�c�y�,� �b�u�t� �p�o�l�i�c�y� �e�f�f�o�r�t�s� �c�a�n� �n�o�t� �b�e� 

�e�f�f�e�c�t�i�v�e� �w�i�t�h�o�u�t� �t�a�k�i�n�g� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �c�o�n�s�t�r�a�i�n�t�s� �o�f� �t�h�e� �n�a�t�i�o�n ��s� �p�o�o�r�e�s�t� 

�h�o�u�s�e�h�o�l�d�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �c�h�a�p�t�e�r� �o�u�t�l�i�n�e�s� �t�h�e� �m�e�t�h�o�d�s� �o�f� �t�h�i�s� �s�t�u�d�y�,� �w�h�i�c�h� �t�e�s�t�s� �f�o�r� 

�g�e�n�d�e�r�-�s�p�e�c�i�f�i�c� �c�o�n�s�t�r�a�i�n�t�s� �t�h�a�t� �m�a�y� �i�m�p�e�d�e� �e�f�f�o�r�t�s� �t�o� �i�n�c�r�e�a�s�e� �p�r�o�d�u�c�t�i�v�i�t�y� �f�o�r� �f�e�m�a�l�e�-� 

�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� 
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�C�h�a�p�t�e�r� �3� 

�M�e�t�h�o�d�o�l�o�g�y� 

�3�.�1� �T�h�e� �A�n�a�l�y�t�i�c�a�l� �C�o�n�t�e�x�t� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y� �i�s� �t�o� �e�x�a�m�i�n�e� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�o�n� �i�n� 

�M�a�l�a�w�i� �w�i�t�h� �s�p�e�c�i�a�l� �e�m�p�h�a�s�i�s� �o�n� �t�h�e� �g�e�n�d�e�r� �o�f� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�.� �T�h�e� �r�e�v�i�e�w� �o�f� 

�p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s�,� �g�o�v�e�r�n�m�e�n�t� �p�o�l�i�c�i�e�s�,� �a�n�d� �e�m�p�i�r�i�c�a�l� �e�v�i�d�e�n�c�e� �i�n� �C�h�a�p�t�e�r� �2� �i�n�d�i�c�a�t�e�s� �t�h�a�t� 

�f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �p�r�o�b�a�b�l�y� �f�a�c�e� �p�r�o�d�u�c�t�i�o�n� �c�o�n�s�t�r�a�i�n�t�s� �t�h�a�t� �m�a�l�e�-�h�e�a�d�e�d� 

�h�o�u�s�e�h�o�l�d�s� �d�o� �n�o�t�.� �A�s� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �s�m�a�l�l�h�o�l�d�e�r� �h�o�u�s�e�h�o�l�d�s� �a�r�e� �e�i�t�h�e�r� �p�e�r�m�a�n�e�n�t�l�y� �o�r� 

�t�e�m�p�o�r�a�r�i�l�y� �h�e�a�d�e�d� �b�y� �a� �f�e�m�a�l�e�,� �s�u�c�h� �i�m�p�e�d�i�m�e�n�t�s�,� �i�f� �t�h�e�y� �e�x�i�s�t�,� �p�r�e�s�e�n�t� �a� �m�a�j�o�r� �o�b�s�t�a�c�l�e� 

�t�o� �i�n�c�r�e�a�s�i�n�g� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�v�i�t�y�.� �T�h�e�r�e�f�o�r�e�,� �u�n�c�o�v�e�r�i�n�g� �g�e�n�d�e�r�-�s�p�e�c�i�f�i�c� �p�r�o�d�u�c�t�i�o�n� 

�c�o�n�s�t�r�a�i�n�t�s� �i�s� �a�n� �e�s�s�e�n�t�i�a�l� �s�t�e�p� �t�o� �a�l�l�e�v�i�a�t�e� �p�o�v�e�r�t�y�.� 

�T�h�e� �s�t�u�d�y� �e�x�a�m�i�n�e�s� �d�i�v�e�r�g�e�n�c�e�s� �f�r�o�m� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�a�t�i�o�n� �b�y� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �t�o� 

�e�x�p�l�o�r�e� �t�h�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �g�e�n�d�e�r�.� �P�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n� �c�r�i�t�e�r�i�a� �m�o�r�e� �t�y�p�i�c�a�l�l�y� �a�r�e� �u�s�e�d� 

�i�n� �s�t�u�d�i�e�s� �e�x�a�m�i�n�i�n�g� �e�f�f�i�c�i�e�n�c�y� �o�n� �s�m�a�l�l�h�o�l�d�e�r� �f�a�r�m�s�.� �T�w�o� �s�u�c�h� �s�t�u�d�i�e�s� �u�s�i�n�g� �d�a�t�a� �f�r�o�m� 

�W�e�s�t� �B�e�n�g�a�l� �a�n�d� �t�h�e� �P�u�n�j�a�b� �u�s�e� �t�h�i�s� �a�p�p�r�o�a�c�h� �t�o� �i�l�l�u�m�i�n�a�t�e� �p�r�o�d�u�c�t�i�o�n� �c�o�m�p�l�e�x�i�t�i�e�s� �o�n� 

�s�m�a�l�l� �f�a�r�m�s� �i�n� �I�n�d�i�a�,� �b�u�t� �b�o�t�h� �i�g�n�o�r�e� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �v�a�r�i�o�u�s� �f�a�r�m�s� �m�i�g�h�t� �b�e� �o�p�e�r�a�t�i�n�g� 

�u�n�d�e�r� �e�n�t�i�r�e�l�y� �d�i�f�f�e�r�e�n�t� �p�r�o�d�u�c�t�i�o�n� �c�o�n�s�t�r�a�i�n�t�s�.� �(�K�u�m�b�h�a�k�a�r�,� �1�9�9�4�;� �S�i�d�h�u� �a�n�d� �B�a�a�n�a�n�t�e�.� 

�1�9�8�1�)� �A� �s�t�u�d�y� �f�o�c�u�s�i�n�g� �o�n� �t�e�c�h�n�o�l�o�g�y� �a�d�o�p�t�i�o�n� �i�n� �E�t�h�i�o�p�i�a� �a�d�d�r�e�s�s�e�s� �t�h�i�s� �p�o�s�s�i�b�i�l�i�t�y�,� �b�u�t� 

�a�s�s�u�m�e�s� �t�h�a�t� �v�a�r�i�a�t�i�o�n� �w�o�u�l�d� �o�c�c�u�r� �a�m�o�n�g� �r�e�g�i�o�n�s�,� �r�a�t�h�e�r� �t�h�a�n� �a�m�o�n�g� �h�o�u�s�e�h�o�l�d�s� �o�f� 

�d�i�f�f�e�r�i�n�g� �s�o�c�i�o�e�c�o�n�o�m�i�c� �o�r� �d�e�m�o�g�r�a�p�h�i�c� �m�a�k�e�-�u�p�.� �(�K�i�d�a�n�e� �a�n�d� �A�b�l�e�r�,� �1�9�9�4�)� �A�l�t�h�o�u�g�h� 
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�m�a�n�y� �s�t�u�d�i�e�s�,� �l�i�k�e� �t�h�e�s�e� �t�h�r�e�e�,� �i�g�n�o�r�e� �t�h�e� �p�o�s�s�i�b�l�e� �i�m�p�a�c�t�s� �o�f� �g�e�n�d�e�r� �i�n� �s�m�a�l�l�h�o�l�d�e�r� 

�p�r�o�d�u�c�t�i�o�n�,� �S�a�h�n�,� �V�a�n� �F�r�a�u�s�a�m�,� �a�n�d� �S�h�i�v�e�l�y�(�1�9�9�4�)� �t�y�p�i�f�y� �t�h�e� �w�a�y� �e�c�o�n�o�m�i�c� �a�n�a�l�y�s�t�s� 

�a�p�p�r�o�a�c�h� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r�.� �T�h�e�y� �c�o�n�s�t�r�u�c�t� �a� �m�o�d�e�l� �o�f� �t�h�e� �e�n�t�i�r�e� �M�a�l�a�w�i�a�n� �s�m�a�l�l�h�o�l�d�e�r� 

�s�e�c�t�o�r� �t�o� �a�s�s�e�s�s� �t�h�e� �i�m�p�a�c�t� �o�f� �r�e�m�o�v�i�n�g� �c�u�r�r�e�n�t� �r�e�s�t�r�i�c�t�i�o�n�s� �o�n� �t�o�b�a�c�c�o� �c�u�l�t�i�v�a�t�i�o�n�.� 

�H�o�w�e�v�e�r�,� �t�h�e�y� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� �m�a�l�e�-� �a�n�d� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �o�n�l�y� �t�o� �d�i�s�c�u�s�s� 

�t�h�e� �d�e�t�e�r�m�i�n�a�n�t�s� �o�f� �c�h�i�l�d� �n�u�t�r�i�t�i�o�n�,� �n�o�t� �t�o� �e�x�a�m�i�n�e� �p�r�o�d�u�c�t�i�o�n� �c�o�n�s�t�r�a�i�n�t�s� �o�r� �r�e�s�o�u�r�c�e� 

�d�i�s�t�r�i�b�u�t�i�o�n�.� �(�S�a�h�n� �e�t� �a�l�.� �1�9�9�4�)� 

�S�e�v�e�r�a�l� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �m�o�r�e� �i�n�t�e�n�s�i�v�e�l�y� �e�x�p�l�o�r�e�d� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �f�e�m�a�l�e� 

�h�e�a�d�s�h�i�p� �u�s�i�n�g� �e�c�o�n�o�m�e�t�r�i�c� �a�n�a�l�y�s�i�s� �w�i�t�h�o�u�t� �e�x�a�m�i�n�i�n�g� �h�o�u�s�e�h�o�l�d� �p�r�o�d�u�c�t�i�o�n�.� �K�e�n�n�e�d�y� 

�a�n�d� �P�e�t�e�r�s� �(�1�9�9�2�)� �u�s�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �t�o� �e�x�a�m�i�n�e� �t�h�e� �r�o�l�e�s� �o�f� �h�e�a�d�s�h�i�p� �a�n�d� �i�n�c�o�m�e� �i�n� 

�d�e�t�e�r�m�i�n�i�n�g� �c�h�i�l�d� �n�u�t�r�i�t�i�o�n�.� �T�h�e�y� �d�i�s�c�o�v�e�r� �t�h�a�t� �d�e� �j�u�r�e� �a�n�d� �t�h�e� �p�o�o�r�e�s�t� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-�_� 

�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �d�e�v�o�t�e� �m�o�r�e� �c�a�l�o�r�i�e�s� �t�o� �t�h�e�i�r� �c�h�i�l�d�r�e�n� �t�o� �o�v�e�r�c�o�m�e� �s�e�v�e�r�e� �c�a�s�h� �a�n�d� 

�l�a�b�o�r� �c�o�n�s�t�r�a�i�n�t�s�,� �b�u�t� �t�h�e�y� �d�o� �n�o�t� �e�x�p�l�i�c�i�t�l�y� �p�r�o�v�e� �t�h�a�t� �s�u�c�h� �c�o�n�s�t�r�a�i�n�t�s� �a�r�e� �u�n�i�q�u�e� �t�o� 

�f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� �G�l�a�d�w�i�n� �(�1�9�9�2�)� �a�l�s�o� �e�x�a�m�i�n�e�s� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �i�n� �a�n� 

�e�c�o�n�o�m�e�t�r�i�c� �s�t�u�d�y� �o�f� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �f�e�r�t�i�l�i�z�e�r� �u�s�e�.� �S�h�e� �f�i�n�d�s� �t�h�a�t�,� �c�o�n�t�r�o�l�l�i�n�g� �f�o�r� 

�i�n�c�o�m�e� �a�n�d� �c�r�e�d�i�t� �a�c�c�e�s�s�,� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �a�r�e� �n�o� �l�e�s�s� �l�i�k�e�l�y� �t�h�a�n� �m�a�l�e� 

�h�o�u�s�e�h�o�l�d�s� �t�o� �a�p�p�l�y� �f�e�r�t�i�l�i�z�e�r�.� �A�l�t�h�o�u�g�h� �s�h�e� �e�x�p�l�o�r�e�s� �c�r�e�d�i�t� �c�o�n�s�t�r�a�i�n�t�s� �f�a�c�i�n�g� �w�o�m�e�n� 

�t�h�r�o�u�g�h� �a� �q�u�a�l�i�t�a�t�i�v�e� �d�e�c�i�s�i�o�n�-�t�r�e�e� �m�o�d�e�l�,� �s�h�e� �d�o�e�s� �n�o�t� �u�s�e� �h�e�r� �e�c�o�n�o�m�e�t�r�i�c� �m�o�d�e�l� �t�o� 

�e�x�p�l�o�r�e� �p�o�s�s�i�b�l�e� �l�i�n�k�s� �b�e�t�w�e�e�n� �g�e�n�d�e�r� �a�n�d� �o�t�h�e�r� �c�o�n�s�t�r�a�i�n�t�s� �o�n� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�o�n�.� 

�T�h�u�s�,� �t�h�e�r�e� �h�a�v�e� �b�e�e�n� �n�o� �s�t�u�d�i�e�s� �t�h�a�t� �e�x�p�l�i�c�i�t�l�y� �e�x�a�m�i�n�e� �t�h�e� �i�m�p�a�c�t� �o�f� �g�e�n�d�e�r�-�s�p�e�c�i�f�i�c� 
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�c�o�n�s�t�r�a�i�n�t�s� �t�o� �s�m�a�l�l�h�o�l�d�e�r� �p�r�o�d�u�c�t�i�o�n� �t�h�a�t� �u�s�e� �e�c�o�n�o�m�e�t�r�i�c� �a�n�a�l�y�s�i�s� �b�a�s�e�d� �o�n� �t�h�e� 

�e�c�o�n�o�m�i�c� �t�h�e�o�r�y� �o�f� �p�r�o�d�u�c�t�i�o�n�.� 

�3�.�2� �T�h�e�o�r�e�t�i�c�a�l� �F�o�u�n�d�a�t�i�o�n�s� 

�T�h�e� �p�r�i�m�a�l� �a�p�p�r�o�a�c�h� �t�o� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n� �i�s� �e�m�p�l�o�y�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �A�s�s�u�m�e� 

�t�h�a�t� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�o�n� �c�a�n� �b�e� �m�o�d�e�l�e�d� �a�s� �t�h�e� �f�u�n�c�t�i�o�n� 

�(�1�)� �y�=�f�(�,�z�,�2�,�m�,�e�)�,� 

�w�h�e�r�e� 

�y� �=� �a�g�r�i�c�u�l�t�u�r�a�l� �o�u�t�p�u�t� 

�v� �=� �a� �v�e�c�t�o�r� �o�f� �m� �v�a�r�i�a�b�l�e� �f�a�c�t�o�r� �i�n�p�u�t�s� 

�z� �=�a� �v�e�c�t�o�r� �o�f� �n� �i�n�p�u�t�s� �t�h�a�t� �a�r�e� �p�o�s�s�i�b�l�y� �q�u�a�s�i�-�f�i�x�e�d� 

�g� �=�a� �v�e�c�t�o�r� �o�f� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �v�a�r�i�a�b�l�e�s� 

�m� �=�a� �v�e�c�t�o�r� �o�f� �m�a�n�a�g�e�m�e�n�t� �v�a�r�i�a�b�l�e�s� �a�f�f�e�c�t�i�n�g� �e�f�f�i�c�i�e�n�c�y� �i�n� �i�n�p�u�t� �u�s�e� 

�e� �=� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� �v�a�r�i�a�b�l�e� 

�I�n� �t�h�i�s� �m�o�d�e�l�,� �q�u�a�s�i�-�f�i�x�e�d� �i�n�p�u�t�s� �a�r�e� �f�a�c�t�o�r�s� �t�h�a�t� �c�o�u�l�d� �p�o�s�s�i�b�l�y� �b�e� �c�o�n�s�t�r�a�i�n�e�d�,� �t�h�a�t� �i�s�,� 

�f�a�c�t�o�r�s� �t�h�a�t� �m�a�y� �b�e� �l�i�m�i�t�e�d� �b�y� �s�u�p�p�l�y� �o�r� �c�a�s�h� �s�h�o�r�t�a�g�e�s� �o�r� �t�h�a�t� �m�a�y� �n�o�t� �b�e� �a�v�a�i�l�a�b�l�e� �i�n� 

�s�u�f�f�i�c�i�e�n�t�l�y� �d�i�v�i�s�i�b�l�e� �q�u�a�n�t�i�t�i�e�s�.� �I�t� �i�s� �u�n�k�n�o�w�n� �w�h�i�c�h� �o�f� �t�h�e�s�e� �i�n�p�u�t�s� �i�s� �c�o�n�s�t�r�a�i�n�e�d�;� �t�h�e�y� 

�a�r�e� �t�r�e�a�t�e�d� �a�s� �v�a�r�i�a�b�l�e� �u�n�t�i�l� �e�a�c�h� �o�n�e� �i�s� �t�e�s�t�e�d� �f�o�r� �a� �c�o�n�s�t�r�a�i�n�t�.� �E�q�u�a�t�i�o�n� �(�1�)� �i�s� �t�h�e� 

�u�n�r�e�s�t�r�i�c�t�e�d� �m�o�d�e�l� �o�f� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�o�n�.



�A�s�s�u�m�i�n�g� �t�h�a�t� �s�m�a�l�l�h�o�l�d�e�r�s� �m�a�x�i�m�i�z�e� �p�r�o�f�i�t�s�,� �t�h�e� �h�o�u�s�e�h�o�l�d� �p�r�o�d�u�c�t�i�o�n� �d�e�c�i�s�i�o�n� 

�c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �L�a�g�r�a�n�g�i�a�n� �f�u�n�c�t�i�o�n� �f�o�r� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n�:� 

�m�n� �n� 

�M�a�x� �L�=� �P�p�,� �F�f� �(�v�,�Z�,� �8�,�m�.�e�)�  �� �>� �w�v�  �� �d�i�n�z�,� �+� �S�A� �(�Z�,�~�-�2�Z�,�)�,� 
�=�]� �=�]� �r�=�1� 

�w�h�e�r�e� �p�,� �w�,� �a�n�d� �r� �a�r�e� �t�h�e� �o�u�t�p�u�t�,� �v�a�r�i�a�b�l�e� �i�n�p�u�t�,� �a�n�d� �q�u�a�s�i�-�f�i�x�e�d� �i�n�p�u�t� �p�r�i�c�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�h�e� �v�a�l�u�e� �o�f� �t�h�e� �c�o�n�s�t�r�a�i�n�t� �f�o�r� �q�u�a�s�i�-�f�i�x�e�d� �f�a�c�t�o�r�s� �o�f� �p�r�o�d�u�c�t�i�o�n� �i�s� �Z�,�a�n�d� �t�h�e� �s�h�a�d�o�w� 

�p�r�i�c�e �� �f�o�r� �e�a�c�h� �q�u�a�s�i�-�f�i�x�e�d� �i�n�p�u�t� �i�s� �4�;�.� �T�h�e� �K�u�h�n�-�T�u�c�k�e�r� �c�o�n�d�i�t�i�o�n�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �a� 

�s�o�l�u�t�i�o�n� �t�o� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �p�r�o�b�l�e�m� �a�r�e� 

�C�L� �O�f� �(�.�2�,�8�,�m�e�)� �_� 

� � 

�(�2�)� �B�y� �=�p� �B�y�  �� �f�o�r�i�=�l�,�.�.�.�,�m� 

�I�L� �I�F� �(�v�2�,� �2�.�m�,�e� �O�L� 
�(�3�)� �S�o�e� �p�O� �a� �5�0�:� �3�2�,� �f�o�r�i�=�1�,�.�.�.�,�n� 

�4� �O�L�.� �<�Q�:� �2� �(�=� �-� �)�=�0� �f�e� �; ��]� 
�(�4�)� �C�A�,� �=�2�,�7�-�2�Z�,� �S�U�L� �A� �l�o�,� �m�2� �d�=� �o�r�i�=�1�,�.�.�.�.�n�N� 

�T�h�e�s�e� �e�q�u�a�t�i�o�n�s� �r�e�p�r�e�s�e�n�t� �r�e�s�t�r�i�c�t�i�o�n�s� �o�n� �(�1�)� �t�h�a�t� �w�o�u�l�d� �h�o�l�d� �i�f� �a�g�e�n�t�s� �a�r�e� �p�r�o�f�i�t�-� 

�m�a�x�i�m�i�z�i�n�g� �w�i�t�h� �m� �v�a�r�i�a�b�l�e� �a�n�d� �»� �q�u�a�s�i�-�f�i�x�e�d� �i�n�p�u�t�s�.� �C�o�n�d�i�t�i�o�n�s� �(�2�-�4�)� �r�e�p�r�e�s�e�n�t� �t�h�e� 

�f�i�r�s�t�-�o�r�d�e�r� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �C�o�n�d�i�t�i�o�n� �(�2�)�,� �e�a�c�h� �f�u�l�l�y� 

�v�a�r�i�a�b�l�e� �i�n�p�u�t� �w�i�l�l� �b�e� �u�s�e�d� �a�t� �t�h�e� �l�e�v�e�l� �w�h�e�r�e� �t�h�e� �m�a�r�k�e�t� �v�a�l�u�e� �o�f� �i�t�s� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �w�i�l�l� 

� � 

�*� �T�h�e� �s�h�a�d�o�w� �p�r�i�c�e� �i�s� �t�h�e� �a�m�o�u�n�t� �t�h�a�t� �p�r�o�f�i�t�s� �w�o�u�l�d� �i�n�c�r�e�a�s�e� �i�f� �a�n� �a�d�d�i�t�i�o�n�a�l� �u�n�i�t� �o�f� �z�j� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� 
�p�r�o�d�u�c�t�i�o�n� �p�r�o�c�e�s�s�,� �a�n� �o�p�p�o�r�t�u�n�i�t�y� �c�o�s�t�.� �(�C�h�i�a�n�g�,� �1�9�8�4�)� 

�3�3



�e�q�u�a�l� �i�t�s� �m�a�r�g�i�n�a�l� �c�o�s�t�. �� �C�o�n�d�i�t�i�o�n� �(�3�)� �s�t�a�t�e�s� �t�h�a�t� �f�o�r� �q�u�a�s�i�-�f�i�x�e�d� �i�n�p�u�t�s�,� �w�h�i�c�h� �a�r�e� �n�o�t� 

�u�s�e�d� �a�t� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �l�e�v�e�l�s�,� �t�h�e�r�e� �i�s� �a� �w�e�d�g�e� �b�e�t�w�e�e�n� �t�h�e� �i�n�p�u�t ��s� �m�a�r�g�i�n�a�l� �v�a�l�u�e� 

�p�r�o�d�u�c�t� �a�n�d� �m�a�r�g�i�n�a�l� �c�o�s�t�,� �t�h�e� �s�h�a�d�o�w� �p�r�i�c�e� �A�;�.� �A�;� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �o�p�p�o�r�t�u�n�i�t�y� �c�o�s�t� �o�f� �n�o�t� 

�h�a�v�i�n�g� �a�c�c�e�s�s� �t�o� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �u�n�i�t�,� �a�n� �i�m�p�u�t�e�d� �p�r�i�c�e� �o�r� �v�a�l�u�e� �o�f� �t�h�e� �c�o�n�s�t�r�a�i�n�t�.� �(�C�h�i�a�n�g�,� 

�1�9�8�4�)� �I�f� �4�;� �e�q�u�a�l�s� �0�,� �t�h�e�n� �t�h�e� �c�o�n�s�t�r�a�i�n�t� �o�n� �z�;� �i�s� �n�o�t� �b�i�n�d�i�n�g� �a�n�d� �t�h�e� �i�n�p�u�t� �i�s� �u�s�e�d� �a�t� �t�h�e� 

�l�e�v�e�l� �w�h�e�r�e� �i�t�s� �m�a�r�g�i�n�a�l� �v�a�l�u�e� �p�r�o�d�u�c�t� �e�q�u�a�l�s� �i�t�s� �m�a�r�g�i�n�a�l� �c�o�s�t� �(�i�t�s� �p�r�i�c�e�)�.� �C�o�n�d�i�t�i�o�n� �(�4�)� 

�s�t�i�p�u�l�a�t�e�s� �t�h�a�t� �t�h�e� �a�m�o�u�n�t� �o�f� �z�;� �u�s�e�d� �c�a�n� �n�o�t� �e�x�c�e�e�d� �t�h�e� �a�m�o�u�n�t� �a�v�a�i�l�a�b�l�e�.� �I�t� �a�l�s�o� 

�s�t�i�p�u�l�a�t�e�s� �a� �c�o�m�p�l�e�m�e�n�t�a�r�y� �s�l�a�c�k�n�e�s�s� �c�o�n�d�i�t�i�o�n�,� �i�m�p�l�y�i�n�g� �t�h�a�t� �e�i�t�h�e�r� �t�h�e� �c�o�n�s�t�r�a�i�n�t� �i�s� 

�b�i�n�d�i�n�g� �(� �Z�,�=�z�;�)�.� �o�r� �t�h�e� �s�h�a�d�o�w� �p�r�i�c�e� �e�q�u�a�l�s� �z�e�r�o�.� �T�h�u�s�,� �o�n�e� �c�a�n� �d�e�t�e�r�m�i�n�e� �i�f� �a� �f�a�c�t�o�r� 

�i�n�p�u�t� �c�o�n�s�t�r�a�i�n�t� �i�s� �b�i�n�d�i�n�g� �b�y� �t�e�s�t�i�n�g� �t�o� �s�e�e� �i�f� �i�t�s� �s�h�a�d�o�w� �p�r�i�c�e�.� �A�j�,� �e�q�u�a�l�s� �z�e�r�o�.� 

�U�n�d�e�r� �s�o�m�e� �c�i�r�c�u�m�s�t�a�n�c�e�s�,� �s�m�a�l�l�h�o�l�d�e�r�s� �m�a�y� �s�t�r�i�v�e� �t�o� �m�a�x�i�m�i�z�e� �o�u�t�p�u�t� �r�a�t�h�e�r� 

�t�h�a�n� �p�r�o�f�i�t�s�.� �O�u�t�p�u�t� �m�a�x�i�m�i�z�a�t�i�o�n� �w�o�u�l�d� �o�c�c�u�r� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �r�e�l�i�a�b�l�e� �s�u�p�p�l�i�e�s� �o�f� �f�o�o�d� 

�i�n� �t�h�e� �m�a�r�k�e�t�,� �a�s� �s�o�m�e�t�i�m�e�s� �o�c�c�u�r�s� �i�n� �M�a�l�a�w�i� �i�n� �r�e�m�o�t�e� �a�r�e�a�s� �o�r� �i�n� �t�i�m�e�s� �o�f� �n�a�t�i�o�n�w�i�d�e� 

�s�u�p�p�l�y� �s�h�o�r�t�a�g�e�s�.� �I�t� �a�l�s�o� �m�a�y� �o�c�c�u�r� �i�f� �t�h�e� �p�r�i�c�e� �o�f� �p�u�r�c�h�a�s�i�n�g� �f�o�o�d� �a�f�t�e�r� �h�a�r�v�e�s�t� �e�x�c�e�e�d�s� 

�t�h�e� �c�o�s�t� �o�f� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �s�t�o�r�a�g�e� �o�f� �c�r�o�p�s� �p�r�o�d�u�c�e�d� �w�i�t�h�i�n� �t�h�e� �h�o�u�s�e�h�o�l�d�.� �P�r�i�c�e�s� 

�d�i�s�t�o�r�t�e�d� �i�n� �t�h�i�s� �m�a�n�n�e�r� �m�a�y� �h�a�v�e� �a�r�i�s�e�n� �i�n� �M�a�l�a�w�i� �d�u�e� �t�o� �A�D�M�A�R�C ��s� �p�o�l�i�c�y� �d�u�r�i�n�g� 

�1�9�9�2�-�9�3� �o�f� �f�i�x�i�n�g� �p�r�i�c�e�s� �f�o�r� �f�o�o�d� �c�r�o�p�s�.� �l�i�c�e�n�s�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �g�r�a�i�n� �t�r�a�d�e�r�s�,� �a�n�d� 

�t�r�a�n�s�p�o�r�t� �s�h�o�r�t�a�g�e�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y� �i�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� 

�s�m�a�l�l�h�o�l�d�e�r�s� �a�r�e�.� �i�n� �f�a�c�t�.� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �a�n�d� �i�f� �t�h�e� �l�i�k�e�l�i�h�o�o�d� �t�h�a�t� �t�h�e�y� �m�a�x�i�m�i�z�e� 

�p�r�o�f�i�t�s� �i�s� �i�n�f�l�u�e�n�c�e�d� �b�y� �t�h�e� �g�e�n�d�e�r� �o�f� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d� �d�u�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �g�e�n�d�e�r�-� 

� � 

�S�e�e� �A�p�p�e�n�d�i�x� �2� �f�o�r� �a� �f�u�l�l� �d�i�s�c�u�s�s�i�o�n� �o�f� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n�.� 

�3�4



�s�p�e�c�i�f�i�c� �c�o�n�s�t�r�a�i�n�t�s�.� �T�h�u�s�,� �t�h�e� �a�p�p�r�o�a�c�h� �d�e�s�c�r�i�b�e�d� �i�s� �a�p�p�r�o�p�r�i�a�t�e� �d�e�s�p�i�t�e� �t�h�e� �f�a�c�t� �t�h�a�t� 

�m�a�n�y� �s�m�a�l�l�h�o�l�d�e�r�s� �m�a�y� �u�s�e� �o�u�t�p�u�t�-�m�a�x�i�m�i�z�i�n�g�-�-� �r�a�t�h�e�r� �t�h�a�n� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g�-�-� 

�d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �s�t�r�a�t�e�g�i�e�s�.� 

�3�.�3� �T�e�s�t�i�n�g� �f�o�r� �E�f�f�i�c�i�e�n�c�y� �a�n�d� �C�o�n�s�t�r�a�i�n�t�s� 

�T�h�e� �m�e�t�h�o�d�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �a�r�e� �a�s� �f�o�l�l�o�w�s�.� �F�i�r�s�t�,� �t�e�c�h�n�i�c�a�l� �e�f�f�i�c�i�e�n�c�y� �o�f� �d�e� 

�f�a�c�t�o� �a�n�d� �d�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �r�e�l�a�t�i�v�e� �t�o� �m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �c�a�n� �b�e� 

�t�e�s�t�e�d� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �w�h�e�t�h�e�r� �t�h�e� �v�a�r�i�a�b�l�e�s� �i�n�d�i�c�a�t�i�n�g� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �c�a�u�s�e� �a� �s�h�i�f�t� �i�n� 

�t�h�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�.� �I�f� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e� �g�e�n�d�e�r� �v�a�r�i�a�b�l�e�s� 

�a�n�d� �g�e�n�d�e�r�-�i�n�t�e�r�a�c�t�i�o�n� �v�a�r�i�a�b�l�e�s� �e�q�u�a�l� �0� �f�a�i�l�s� �t�o� �b�e� �r�e�j�e�c�t�e�d�,� �t�h�e�n� �t�h�e�r�e� �i�s� �e�v�i�d�e�n�c�e� �t�h�a�t� 

�m�a�l�e�-� �a�n�d� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �a�r�e� �e�q�u�a�l�l�y� �t�e�c�h�n�i�c�a�l�l�y� �e�f�f�i�c�i�e�n�t�.� 

�S�e�c�o�n�d�,� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�,� �e�q�u�a�t�i�o�n� �(�1�)�,� �a�r�e� �e�s�t�i�m�a�t�e�d�.� 

�U�n�d�e�r� �t�y�p�i�c�a�l� �a�s�s�u�m�p�t�i�o�n�s� �(�t�o� �b�e� �d�i�s�c�u�s�s�e�d� �l�a�t�e�r�)�,� �e�s�t�i�m�a�t�i�o�n�®� �o�f� �/�(�x�)� �p�r�o�v�i�d�e�s� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �B�*�,� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �o�f� �(�1�)�.� �T�h�i�s� �d�i�s�t�r�i�b�u�t�i�o�n� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �B�°� �~� �N�[�B�,� 

�o� �(�x ��x�)�'�]�,� �w�h�e�r�e� �c�o�v�(�B ��)�=�o�0�"� �(�x� �x�y ��.� �B�e�c�a�u�s�e� �c�o�n�d�i�t�i�o�n�s� �(�2�)�,� �(�3�)�,� �a�n�d� �(�4�)� �c�a�n�n�o�t� �b�e� �t�e�s�t�e�d� 

�b�y� �i�m�p�o�s�i�n�g� �p�a�r�a�m�e�t�r�i�c� �r�e�s�t�r�i�c�t�i�o�n�s� �o�n� �(�1�)�,� �t�h�e�y� �a�r�e� �t�e�s�t�e�d� �u�s�i�n�g� �M�o�n�t�e� �C�a�r�l�o� �m�e�t�h�o�d�s�.� 

�R�a�n�d�o�m� �d�r�a�w�s� �f�r�o�m� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �c�o�v�(�f ��)� �a�r�e� �t�a�k�e�n�.� �A�c�t�u�a�l� �i�n�p�u�t�-�o�u�t�p�u�t� �o�b�s�e�r�v�a�t�i�o�n�s� 

�(�t�h�e� �x�'�s�)� �a�r�e� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e�s�e� �r�a�n�d�o�m�l�y� �g�e�n�e�r�a�t�e�d� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s� �t�o� �c�r�e�a�t�e� �a� 

�c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �f�o�r� �t�h�e� �p�r�e�d�i�c�t�e�d� �i�n�p�u�t�-�o�u�t�p�u�t� �r�a�t�i�o�s� �f�o�r� �(�3�)� �u�n�d�e�r� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� 

�t�h�a�t� �A�;� �=� �0�.� 

� � 

�*� �T�o� �s�i�m�p�l�i�f�y� �t�e�r�m�s�,� �t�h�e� �r�e�g�r�e�s�s�o�r�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �a�b�o�v�e� �s�e�c�t�i�o�n� �a�r�e� �l�a�b�e�l�e�d� �x� �a�n�d� �p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e� �f�u�n�c�t�i�o�n� �a�r�e� �l�a�b�e�l�e�d� �B� �h�e�r�e�.� 

�3�5



�A� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �a�c�t�u�a�l� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o�s� �t�o� �g�e�n�e�r�a�t�e�d� �d�i�s�t�r�i�b�u�t�i�o�n�s� 

�s�h�o�w�s� �w�h�e�t�h�e�r� �t�h�e� �s�h�a�d�o�w� �p�r�i�c�e� �(�A�,�;�)� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �z�e�r�o�.� �I�f� �t�h�e� �a�c�t�u�a�l� 

�i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o� �o�f� �a�n� �i�n�p�u�t� �f�a�l�l�s� �w�i�t�h�i�n� �a� �s�p�e�c�i�f�i�e�d� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �f�o�r� �t�h�e� 

�i�n�p�u�t ��s� �s�i�m�u�l�a�t�e�d� �d�i�s�t�r�i�b�u�t�i�o�n�,� �t�h�e�n� �i�t�s� �p�r�i�c�e� �r�a�t�i�o� �e�q�u�a�l�s� �i�t�s� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �w�i�t�h�i�n� �t�h�e� 

�c�o�n�f�i�d�e�n�c�e� �o�f� �t�h�e� �s�t�u�d�y�.� �I�n� �s�u�c�h� �a� �c�a�s�e�,� �A�j�;� �i�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �z�e�r�o�,� 

�p�r�o�v�i�d�i�n�g� �e�v�i�d�e�n�c�e� �t�h�a�t� �i�n�p�u�t� �u�s�e� �i�s� �n�o�t� �c�o�n�s�t�r�a�i�n�e�d�.� �S�h�o�u�l�d� �t�h�e� �a�c�t�u�a�l� �p�r�i�c�e� �r�a�t�i�o� �f�a�l�l� 

�o�u�t�s�i�d�e� �t�h�e� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�,� �t�h�e� �s�h�a�d�o�w� �p�r�i�c�e� �i�s� �n�o�t� �z�e�r�o�,� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �e�x�i�s�t�e�n�c�e� 

�e�i�t�h�e�r� �o�f� �a� �b�i�n�d�i�n�g� �c�o�n�s�t�r�a�i�n�t� �(�=�,�)� �o�r� �o�f� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y�.� �T�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� 

�s�h�a�d�o�w� �p�r�i�c�e� �v�a�r�i�e�s� �b�y� �g�e�n�d�e�r�.� �w�h�i�c�h� �w�o�u�l�d� �i�n�d�i�c�a�t�e� �e�i�t�h�e�r� �a� �c�o�n�s�t�r�a�i�n�t� �u�n�i�q�u�e� �t�o� �a� 

�s�p�e�c�i�f�i�c� �h�e�a�d�s�h�i�p� �g�r�o�u�p� �o�r� �g�e�n�d�e�r�-�s�p�e�c�i�f�i�c� �i�n�e�f�f�i�c�i�e�n�c�y�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �a�n�d� �t�e�s�t�i�n�g� 

�p�r�o�c�e�s�s� �i�s� �e�x�e�c�u�t�e�d� �s�e�p�a�r�a�t�e�l�y� �t�o�r� �d�i�f�f�e�r�e�n�t� �h�e�a�d�s�h�i�p� �c�a�t�e�g�o�r�i�e�s�.� 

�T�h�i�r�d�,� �i�f� �s�h�a�d�o�w� �p�r�i�c�e�s� �a�r�e� �f�o�u�n�d� �t�o� �b�e� �n�o�n�z�e�r�o�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �d�i�f�f�e�r�e�n�t�i�a�t�e� 

�b�e�t�w�e�e�n� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �a� �c�o�n�s�t�r�a�i�n�t� �o�n� �i�n�p�u�t� �u�s�e� �a�n�d� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y�.� 

�A�l�l�o�c�a�t�i�v�e�l�y� �e�f�f�i�c�i�e�n�t� �a�g�e�n�t�s� �u�s�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �m�a�r�k�e�t� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �p�r�i�c�e�s� 

�t�o� �e�m�p�l�o�y� �e�a�c�h� �f�a�c�t�o�r� �i�n�p�u�t� �a�t� �t�h�e� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �l�e�v�e�l� �w�h�e�r�e� �m�a�r�g�i�n�a�l� �v�a�l�u�e� �p�r�o�d�u�c�t� 

�e�q�u�a�l�s� �m�a�r�g�i�n�a�l� �c�o�s�t�.� �T�h�u�s�.� �a� �s�h�a�d�o�w� �p�r�i�c�e� �(�A�;�)� �t�h�a�t� �d�o�e�s� �n�o�t� �e�q�u�a�l� �z�e�r�o� �c�o�u�l�d� �i�n�d�i�c�a�t�e� 

�a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �r�a�t�h�e�r� �t�h�a�n� �a� �f�a�c�t�o�r� �i�n�p�u�t� �c�o�n�s�t�r�a�i�n�t�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �a� �s�h�a�d�o�w� �p�r�i�c�e� 

�t�h�a�t� �v�a�r�i�e�s� �w�i�t�h� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �c�o�u�l�d� �i�n�d�i�c�a�t�e� �d�i�f�f�e�r�e�n�t�i�a�l� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �i�f� 

�c�e�r�t�a�i�n� �c�a�t�e�g�o�r�i�e�s� �o�f� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s� �a�r�e� �l�e�s�s� �a�b�l�e� �t�o� �c�h�o�o�s�e� �o�p�t�i�m�a�l� �i�n�p�u�t� �c�o�m�b�i�n�a�t�i�o�n�s�,� 

�g�i�v�e�n� �p�r�e�v�a�i�l�i�n�g� �i�n�p�u�t� �a�n�d� �o�u�t�p�u�t� �p�r�i�c�e�s�.



�T�o� �e�x�a�m�i�n�e� �w�h�e�t�h�e�r� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �i�s� �c�a�u�s�i�n�g� �t�h�e� �d�e�p�a�r�t�u�r�e� �f�r�o�m� �p�r�o�f�i�t�-� 

�m�a�x�i�m�i�z�i�n�g� �i�n�p�u�t� �u�s�e�,� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �s�h�a�d�o�w� �p�r�i�c�e� �a�n�d� �t�h�e� �s�e�t� �o�f� 

�m�a�n�a�g�e�m�e�n�t� �v�a�r�i�a�b�l�e�s� �c�a�n� �b�e� �t�e�s�t�e�d�.� �U�n�d�e�r� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �s�t�o�c�k� �o�f� 

�m�a�n�a�g�e�m�e�n�t� �v�a�r�i�a�b�l�e�s� �w�i�l�l� �i�m�p�r�o�v�e� �a� �f�a�r�m�e�r ��s� �a�b�i�l�i�t�y� �t�o� �u�s�e� �i�n�p�u�t�s� �a�t� �t�h�e�i�r� �p�r�o�f�i�t�-� 

�m�a�x�i�m�i�z�i�n�g� �l�e�v�e�l�s�,� �A�,� �s�h�o�u�l�d� �a�p�p�r�o�a�c�h� �0� �a�s� �M� �i�n�c�r�e�a�s�e�s�.� �T�h�u�s�,� �p�e�r�f�o�r�m�i�n�g� �a�d�d�i�t�i�o�n�a�l� 

�s�i�m�u�l�a�t�i�o�n� �a�n�d� �t�e�s�t�i�n�g� �r�o�u�t�i�n�e�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�,� �v�a�r�y�i�n�g� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �i�n�s�t�r�u�m�e�n�t�s� 

�i�n�s�t�e�a�d� �o�f� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r�,� �p�r�o�v�i�d�e�s� �e�v�i�d�e�n�c�e� �o�f� �w�h�e�t�h�e�r� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �o�r� 

�d�i�f�f�e�r�e�n�t�i�a�l� �c�o�n�s�t�r�a�i�n�t�s� �c�a�u�s�e� �d�i�v�e�r�g�e�n�c�e�s� �.� 

�E�x�t�e�n�s�i�v�e� �l�i�t�e�r�a�t�u�r�e� �e�x�i�s�t�s� �d�e�l�i�n�e�a�t�i�n�g� �a�l�t�e�r�n�a�t�i�v�e� �m�e�t�h�o�d�s� �t�o� �m�e�a�s�u�r�e� �e�f�f�i�c�i�e�n�c�y� 

�a�n�d� �h�o�w� �t�o� �d�e�c�o�m�p�o�s�e� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n�t�o� �t�e�c�h�n�i�c�a�l� �a�n�d� �a�l�l�o�c�a�t�i�v�e� �e�f�f�i�c�i�e�n�c�y� �r�a�t�i�n�g�s�.� 

�(�B�r�a�v�o�-�U�r�e�t�a� �a�n�d� �P�i�n�h�e�i�r�o�,� �1�9�9�3�;� �D�a�w�s�o�n�,� �1�9�8�5�)� �M�a�n�y� �o�f� �t�h�e�s�e� �s�t�u�d�i�e�s� �u�s�e� �t�h�e� �f�r�o�n�t�i�e�r� 

�f�u�n�c�t�i�o�n� �a�p�p�r�o�a�c�h� �o�r�i�g�i�n�a�t�e�d� �b�y� �F�a�r�r�e�l�l� �a�n�d� �t�h�e� �d�u�a�l� �p�r�o�f�i�t� �f�u�n�c�t�i�o�n� �a�p�p�r�o�a�c�h� �d�e�v�e�l�o�p�e�d� 

�b�y� �L�a�u� �a�n�d� �Y�o�t�o�p�o�u�l�o�s�.� �(�B�r�a�v�o�-�U�r�e�t�a� �a�n�d� �P�i�n�h�e�i�r�o�,� �1�9�9�3�)� �A�l�t�h�o�u�g�h� �s�u�c�h� �a�n�a�l�y�s�i�s� �c�o�u�l�d� 

�y�i�e�l�d� �i�m�p�o�r�t�a�n�t� �p�o�l�i�c�y� �i�n�s�i�g�h�t�s� �t�o� �i�n�c�r�e�a�s�e� �s�m�a�l�l�h�o�l�d�e�r� �p�r�o�d�u�c�t�i�v�i�t�y� �i�n� �f�u�t�u�r�e� �r�e�s�e�a�r�c�h�,� 

�t�h�e�s�e� �m�o�d�e�l�s� �a�r�e� �b�e�y�o�n�d� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �s�t�u�d�y�.� �T�h�i�s� �s�t�u�d�y� �s�e�e�k�s� �t�o� �p�i�n�p�o�i�n�t� �r�e�l�a�t�i�v�e� 

�v�a�r�i�a�t�i�o�n�s� �i�n� �p�r�o�d�u�c�t�i�o�n� �p�a�t�t�e�r�n�s� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �h�e�a�d�s�h�i�p� �c�a�t�e�g�o�r�i�e�s�,� �r�a�t�h�e�r� �t�h�a�n� �t�o� 

�c�a�l�c�u�l�a�t�e� �a�b�s�o�l�u�t�e� �r�a�t�i�n�g�s� �o�f� �e�f�f�i�c�i�e�n�c�y� �f�o�r� �e�a�c�h� �f�a�r�m�.� 
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�3�.�4� �D�a�t�a� 

�3�.�4�.�1� �T�h�e� �N�S�S�A� 

�D�a�t�a� �f�o�r� �t�h�i�s� �s�t�u�d�y� �a�r�e� �d�r�a�w�n� �f�r�o�m� �t�h�e� �1�9�9�2�-�9�3� �N�a�t�i�o�n�a�l� �S�a�m�p�l�e� �S�u�r�v�e�y� �o�f� 

�A�g�r�i�c�u�l�t�u�r�e� �(�N�S�S�A�)�.� �T�h�e� �M�a�l�a�w�i� �N�a�t�i�o�n�a�l� �S�t�a�t�i�s�t�i�c�s� �O�f�f�i�c�e� �(�N�S�O�)� �d�e�s�i�g�n�e�d� �a�n�d� �c�a�r�r�i�e�d� 

�o�u�t� �t�h�e� �N�S�S�A� �w�i�t�h� �i�n�p�u�t� �f�r�o�m� �o�t�h�e�r� �g�o�v�e�r�n�m�e�n�t� �m�i�n�i�s�t�r�i�e�s�,� �a�s� �w�e�l�l� �a�s� �f�r�o�m� �d�o�n�o�r�s� �s�u�c�h� 

�a�s� �t�h�e� �W�o�r�l�d� �B�a�n�k�.� �E�a�r�l�i�e�r� �s�u�r�v�e�y�s� �w�e�r�e� �d�o�n�e� �d�u�r�i�n�g� �t�h�e� �1�9�6�8�-�6�9� �a�n�d� �1�9�8�0�-�8�1� 

�a�g�r�i�c�u�l�t�u�r�a�l� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s� �a�n�d� �a�r�e� �s�u�p�p�l�e�m�e�n�t�e�d� �b�y� �t�h�e� �N�S�O ��s� �A�n�n�u�a�l� �S�u�r�v�e�y�s� �o�f� 

�A�g�r�i�c�u�l�t�u�r�e�.� �T�h�e� �n�a�t�i�o�n�w�i�d�e� �s�u�r�v�e�y� �h�a�s� �t�h�r�e�e� �o�b�j�e�c�t�i�v�e�s�.� �F�i�r�s�t�,� �i�t� �i�s� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �c�r�o�p� 

�p�r�o�d�u�c�t�i�o�n� �f�o�r� �c�o�m�p�i�l�a�t�i�o�n� �o�f� �t�h�e� �n�a�t�i�o�n�a�l� �a�c�c�o�u�n�t�s�.� �S�e�c�o�n�d�,� �i�t� �a�i�d�s� �i�n� �m�o�n�i�t�o�r�i�n�g� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �l�o�c�a�l� �a�g�r�i�c�u�l�t�u�r�a�l� �e�x�t�e�n�s�i�o�n� �a�n�d� �N�a�t�i�o�n�a�l� �R�u�r�a�l� �D�e�v�e�l�o�p�m�e�n�t� �P�r�o�g�r�a�m�m�e�s�.� 

�F�i�n�a�l�l�y�.� �i�t� �i�s� �u�s�e�d� �t�o� �c�o�l�l�e�c�t� �d�a�t�a� �t�o� �h�e�l�p� �f�o�r�m�u�l�a�t�e� �p�o�l�i�c�y� �t�o� �i�n�c�r�e�a�s�e� �s�m�a�l�l�h�o�l�d�e�r� 

�p�r�o�d�u�c�t�i�v�i�t�y�;� �g�o�v�e�r�n�m�e�n�t� �o�f�f�i�c�i�a�l�s� �p�e�r�c�e�i�v�e� �i�t� �a�s� �a�n� �i�m�p�o�r�t�a�n�t� �t�o�o�l� �i�n� �m�e�a�s�u�r�i�n�g� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �s�t�r�u�c�t�u�r�a�l� �a�d�j�u�s�t�m�e�n�t� �p�o�l�i�c�i�e�s� �o�n� �s�m�a�l�l�h�o�l�d�e�r� �f�a�r�m�e�r�s�.� �(�M�O�A�L�D�,� �1�9�9�3�)� 

�3�.�4�.�2� �S�a�m�p�l�e� �D�e�s�i�g�n� 

�T�h�e� �c�o�u�n�t�r�y� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �8� �A�g�r�i�c�u�l�t�u�r�a�l� �D�e�v�e�l�o�p�m�e�n�t� �D�i�s�t�r�i�c�t�s�,� �w�h�i�c�h� �a�r�e� 

�b�r�o�k�e�n� �u�p� �i�n�t�o� �3�0� �R�u�r�a�l� �D�e�v�e�l�o�p�m�e�n�t� �P�r�o�j�e�c�t�s� �(�R�D�P�s�)�.� �W�i�t�h�i�n� �t�h�e� �R�D�P�s�,� �t�h�e� �N�S�O� 

�d�e�s�i�g�n�a�t�e�d� �8�3�9�5� �E�n�u�m�e�r�a�t�i�o�n� �A�r�e�a�s� �(�E�A�s�)�,� �o�f� �w�h�i�c�h� �6�0�0� �w�e�r�e� �c�h�o�s�e�n� �f�o�r� �t�h�e� �s�u�r�v�e�y�,� 

�w�i�t�h� �e�a�c�h� �E�A ��s� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �b�e�i�n�g� �s�e�l�e�c�t�e�d� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �i�t�s� �s�i�z�e�.� �S�u�r�v�e�y�o�r�s� �r�a�n�d�o�m�l�y� 

�s�e�l�e�c�t�e�d� �2�0� �h�o�u�s�e�h�o�l�d�s� �p�e�r� �E�A� �f�o�r� �a� �t�o�t�a�l� �o�f� �1�2�,�0�0�0� �h�o�u�s�e�h�o�l�d�s�.� �F�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� 

�s�u�r�v�e�y�.� �t�h�e� �N�S�O� �d�e�f�i�n�e�s� �a� �h�o�u�s�e�h�o�l�d� �a�s�  ��o�n�e� �p�e�r�s�o�n� �o�r� �a� �g�r�o�u�p� �o�f� �p�e�o�p�l�e� �g�e�n�e�r�a�l�l�y� �b�o�u�n�d� 
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�b�y� �m�a�r�r�i�a�g�e� �o�r� �k�i�n�s�h�i�p� �t�i�e�s�,� �w�h�o� �m�a�k�e� �c�o�m�m�o�n� �p�r�o�v�i�s�i�o�n� �f�o�r� �f�o�o�d� �o�r� �s�i�m�p�l�y�,� �p�e�r�s�o�n�s� 

�w�h�o� �e�a�t� �t�o�g�e�t�h�e�r� �f�r�o�m� �a� �c�o�m�m�o�n� �p�o�t�. �� �A� �h�o�u�s�e�h�o�l�d� �i�s� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �a� �f�a�m�i�l�y� �u�n�i�t� �t�h�a�t� 

�r�e�s�i�d�e�s� �u�n�d�e�r� �t�h�e� �s�a�m�e� �r�o�o�f�.� �(�N�S�O� �1�9�9�3�,� �p�.�4�)� 

�A�n� �e�x�t�e�n�s�i�v�e� �n�e�t�w�o�r�k� �o�f� �p�e�r�m�a�n�e�n�t� �a�n�d� �t�e�m�p�o�r�a�r�y� �p�e�r�s�o�n�n�e�l� �f�r�o�m� �t�h�e� �M�i�n�i�s�t�r�y� �o�f� 

�A�g�r�i�c�u�l�t�u�r�e� �(�M�O�A�)� �a�n�d� �t�h�e� �N�S�O� �c�o�n�d�u�c�t�e�d� �t�h�e� �s�u�r�v�e�y�.� �T�h�e� �t�e�a�m� �c�o�n�s�i�s�t�e�d� �o�f� �3� �r�e�g�i�o�n�a�l� 

�c�o�o�r�d�i�n�a�t�o�r�s�.� �1�0�0� �l�o�c�a�l� �s�u�p�e�r�v�i�s�o�r�s�,� �a�n�d� �6�0�0� �e�n�u�m�e�r�a�t�o�r�s�.� �f�o�r� �w�h�o�m� �t�h�e� �g�o�v�e�r�n�m�e�n�t� 

�r�e�n�t�e�d� �h�o�u�s�e�s� �i�n� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� �E�A�s� �a�n�d� �i�s�s�u�e�d� �b�i�c�y�c�l�e�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �c�o�v�e�r�a�g�e� �a�n�d� 

�a�c�c�u�r�a�c�y�.� �T�h�e� �N�S�O� �a�l�s�o� �p�e�r�f�o�r�m�e�d� �a� �p�i�l�o�t� �s�u�r�v�e�y� �i�n� �t�h�e� �1�9�9�0�-�9�1� �a�g�r�i�c�u�l�t�u�r�a�l� �s�e�a�s�o�n� �t�o� 

�t�e�s�t� �t�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e�s�,� �a�s� �w�e�l�l� �a�s� �t�o� �t�r�o�u�b�l�e�s�h�o�o�t� �f�o�r� �e�r�r�o�r�s� �o�r� �b�i�a�s�e�s� �l�i�k�e�l�y� �t�o� �o�c�c�u�r� �i�n� 

�m�e�a�s�u�r�e�m�e�n�t�.� �(�N�S�O�,� �1�9�9�3�)� �A�l�t�h�o�u�g�h� �t�h�e� �N�S�O� �a�l�e�r�t�e�d� �l�o�c�a�l� �o�f�f�i�c�i�a�l�s� �a�n�d� �i�s�s�u�e�d� �a� �p�r�e�s�s� 

�r�e�l�e�a�s�e� �t�o� �t�h�e� �n�a�t�i�o�n�a�l� �m�e�d�i�a� �t�o� �p�u�b�l�i�c�i�z�e� �t�h�e� �s�u�r�v�e�y�,� �t�h�e� �e�n�u�m�e�r�a�t�o�r�s� �e�x�p�e�r�i�e�n�c�e�d� �s�o�m�e� 

�t�r�o�u�b�l�e� �i�n� �a�r�e�a�s� �w�h�e�r�e� �r�e�s�i�d�e�n�t�s� �o�r� �p�o�l�i�c�e� �m�i�s�t�o�o�k� �t�h�e�m� �f�o�r� �a�g�e�n�t�s� �o�f� �o�p�p�o�s�i�t�i�o�n� �p�o�l�i�t�i�c�a�l� 

�p�a�r�t�i�e�s�.� �T�h�e� �N�S�O� �w�a�s� �a�b�l�e� �t�o� �r�e�s�o�l�v�e� �t�h�e�s�e� �i�s�s�u�e�s�,� �h�o�w�e�v�e�r�,� �a�n�d� �t�h�e� �p�r�o�b�l�e�m�s� �d�i�d� �n�o�t� 

�p�r�e�v�e�n�t� �t�h�e� �e�n�u�m�e�r�a�t�o�r�s� �f�r�o�m� �e�v�e�n�t�u�a�l�l�y� �c�o�l�l�e�c�t�i�n�g� �d�a�t�a� �f�r�o�m� �e�a�c�h� �h�o�u�s�e�h�o�l�d�.� �A�n�o�t�h�e�r� 

�p�r�o�b�l�e�m� �w�a�s� �t�h�a�t�.� �d�u�e� �t�o� �a� �s�e�v�e�r�e� �d�r�o�u�g�h�t� �d�u�r�i�n�g� �t�h�e� �1�9�9�1�-�9�2� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �t�h�a�t� �l�e�d� �t�o� 

�w�i�d�e�s�p�r�e�a�d� �d�e�b�t� �d�e�f�a�u�l�t�.� �r�e�s�p�o�n�d�e�n�t�s� �w�e�r�e� �h�e�s�i�t�a�n�t� �t�o� �g�i�v�e� �a�c�c�u�r�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� 

�c�o�n�c�e�r�n�i�n�g� �r�e�a�s�o�n�s� �t�h�e�y� �d�i�d� �o�r� �d�i�d� �n�o�t� �u�s�e� �c�r�e�d�i�t�.� �T�h�e�y� �f�e�a�r�e�d� �t�h�a�t� �t�h�e� �e�n�u�m�e�r�a�t�o�r�s� �w�e�r�e� 

�c�o�l�l�e�c�t�i�n�g� �c�r�e�d�i�t� �d�e�t�a�i�l�s� �f�o�r� �l�e�g�a�l� �o�r� �t�a�x� �p�u�r�p�o�s�e�s�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n�.� �d�a�t�a� �r�e�g�a�r�d�i�n�g� �d�e�b�t� 

�d�e�f�a�u�l�t� �a�r�e� �e�x�c�l�u�d�e�d� �f�r�o�m� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �g�e�n�d�e�r� �a�n�a�l�y�s�i�s�.� �(�M�O�A�L�D�,� �1�9�9�3�)� 
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�3�.�4�.�3� �S�u�r�v�e�y� �C�o�n�t�e�n�t� 

�T�h�e�r�e� �a�r�e� �6� �m�o�d�u�l�e�s� �t�o� �t�h�e� �s�u�r�v�e�y�:� �h�o�u�s�e�h�o�l�d� �c�o�m�p�o�s�i�t�i�o�n�,� �g�a�r�d�e�n� �c�u�l�t�i�v�a�t�i�o�n� 

�d�e�t�a�i�l�s�.� �e�m�p�l�o�y�m�e�n�t� �a�n�d� �a�s�s�e�t�s�,� �l�i�v�e�s�t�o�c�k� �h�o�l�d�i�n�g�s�,� �h�e�a�l�t�h�,� �a�n�d� �e�x�t�e�n�s�i�o�n�.� �T�h�i�s� �s�t�u�d�y� 

�u�s�e�s� �r�e�s�p�o�n�s�e�s� �f�r�o�m� �t�h�e� �h�o�u�s�e�h�o�l�d� �c�o�m�p�o�s�i�t�i�o�n� �s�u�r�v�e�y�,� �w�h�i�c�h� �c�o�n�s�i�s�t�s� �o�f� �a� �s�e�r�i�e�s� �o�f� �3� 

�p�e�r�s�o�n�a�l� �i�n�t�e�r�v�i�e�w�s� �c�o�n�d�u�c�t�e�d� �i�n� �O�c�t�o�b�e�r� �1�9�9�2�,� �F�e�b�r�u�a�r�y� �1�9�9�3�,� �a�n�d� �J�u�n�e� �1�9�9�3�.� �I�t� �a�l�s�o� 

�i�n�c�o�r�p�o�r�a�t�e�s� �d�a�t�a� �f�r�o�m� �t�h�e� �g�a�r�d�e�n� �s�u�r�v�e�y�,� �c�o�n�d�u�c�t�e�d� �i�n� �r�o�u�n�d�s� �i�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�i�n�g� �t�h�e� 

�c�o�m�p�o�s�i�t�i�o�n� �i�n�t�e�r�v�i�e�w�s�,� �a�n�d� �t�h�e� �e�m�p�l�o�y�m�e�n�t� �s�u�r�v�e�y�,� �w�h�i�c�h� �t�o�o�k� �p�l�a�c�e� �i�n� �J�u�l�y� �1�9�9�3�.� 

�T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �v�a�r�i�a�b�l�e�s� �f�o�r� �t�h�e� �e�s�t�i�m�a�t�e�d� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s� �c�o�m�e� �f�r�o�m� 

�t�h�e� �g�a�r�d�e�n� �s�u�r�v�e�y�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �a�s�k�i�n�g� �s�m�a�l�l�h�o�l�d�e�r� �f�a�r�m�e�r�s� �a�b�o�u�t� �c�r�o�p�s� �p�l�a�n�t�e�d�,� �s�e�e�d�s�,� 

�r�o�t�a�t�i�o�n�,� �a�n�d� �i�n�p�u�t�s�,� �e�n�u�m�e�r�a�t�o�r�s� �m�e�a�s�u�r�e�d� �t�h�e� �s�i�z�e� �a�n�d� �y�i�e�l�d�s� �o�f� �e�a�c�h� �h�o�u�s�e�h�o�l�d ��s� 

�c�u�l�t�i�v�a�t�e�d� �p�l�o�t�s�. �� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �t�h�a�t� �e�n�u�m�e�r�a�t�o�r�s� �d�i�d� �n�o�t� �i�n�c�l�u�d�e� �f�a�l�l�o�w� �o�r� �c�e�r�t�a�i�n� 

�i�r�r�i�g�a�t�e�d� �g�a�r�d�e�n�s� �(�d�i�m�b�a� �a�n�d� �d�a�m�b�o�)� �i�n� �t�h�i�s� �s�u�r�v�e�y ��s� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�o�t�a�l� �c�u�l�t�i�v�a�t�e�d� 

�a�r�e�a� �(�i�n� �h�e�c�t�a�r�e�s�)� �f�o�r� �e�a�c�h� �h�o�u�s�e�h�o�l�d�.� �T�h�e� �M�O�A�L�D� �e�s�t�i�m�a�t�e�s� �t�h�a�t� �t�h�i�s� �p�r�a�c�t�i�c�e� �w�o�u�l�d� 

�o�m�i�t� �b�e�t�w�e�e�n� �1�0� �a�n�d� �1�1� �p�e�r�c�e�n�t� �o�f� �t�o�t�a�l� �f�a�r�m� �a�r�e�a�.� �(�M�O�A�L�D�,� �1�9�9�3�)� �T�o� �m�e�a�s�u�r�e� �y�i�e�l�d�s� 

�f�o�r� �t�h�e� �g�a�r�d�e�n� �s�u�r�v�e�y�,� �e�n�u�m�e�r�a�t�o�r�s� �h�a�r�v�e�s�t�e�d� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �Y�i�e�l�d� �S�u�b�p�l�o�t�s� �o�f� �5�0� 

�S�q�u�a�r�e� �m�e�t�e�r�s� �i�n� �e�a�c�h� �p�l�o�t� �b�e�a�r�i�n�g� �e�i�t�h�e�r� �m�a�i�z�e�,� �r�i�c�e�,� �g�r�o�u�n�d�n�u�t�s�,� �p�u�l�s�e�s�,� �s�o�r�g�h�u�m�,� �w�h�e�a�t�,� 

�o�r� �s�u�n�f�l�o�w�e�r�.� �(�N�S�O�,� �1�9�9�3�)� 

� � 

 �� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �t�h�a�t� �e�a�c�h� �h�o�u�s�e�h�o�l�d� �m�a�y� �c�u�l�t�i�v�a�t�e� �m�u�l�t�i�p�l�e� �p�l�o�t�s�.� 
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�3�.�4�.�4� �V�a�r�i�a�b�l�e� �D�e�f�i�n�i�t�i�o�n�s� 

�M�a�i�z�e� �p�r�o�d�u�c�t�i�o�n� �i�s� �c�h�o�s�e�n� �a�s� �t�h�e� �f�o�c�u�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �b�e�c�a�u�s�e�,� �a�s� �e�x�p�l�a�i�n�e�d� �i�n� 

�C�h�a�p�t�e�r� �2�.� �i�t� �i�s� �t�h�e� �c�r�o�p� �p�r�e�d�o�m�i�n�a�t�e�l�y� �c�u�l�t�i�v�a�t�e�d� �b�y� �s�m�a�l�l�h�o�l�d�e�r�s� �i�n� �M�a�l�a�w�i�.� �T�h�u�s�,� �t�h�e� 

�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �f�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �r�e�g�r�e�s�s�i�o�n�s� �a�r�e� �m�a�i�z�e� �y�i�e�l�d�s�,� �m�e�a�s�u�r�e�d� �i�n� 

�k�i�l�o�g�r�a�m�s� �p�e�r� �h�e�c�t�a�r�e�.� �S�e�p�a�r�a�t�e� �r�e�g�r�e�s�s�i�o�n�s� �a�r�e� �r�u�n� �f�o�r� �h�y�b�r�i�d� �a�n�d� �l�o�c�a�l� �m�a�i�z�e�,� �a�s� �w�e�l�l� �a�s� 

�f�o�r� �f�e�r�t�i�l�i�z�e�r� �u�s�e�r�s� �a�n�d� �n�o�n�u�s�e�r�s�.� �T�h�e�s�e� �g�r�o�u�p�s� �a�r�e� �d�i�v�i�d�e�d� �b�e�c�a�u�s�e� �i�m�p�r�o�v�e�d� �s�e�e�d�s� �a�n�d� 

�f�e�r�t�i�l�i�z�e�r� �a�r�e� �s�e�p�a�r�a�t�e� �t�e�c�h�n�o�l�o�g�i�e�s� �t�h�a�t� �c�a�n� �i�n�f�l�u�e�n�c�e� �t�h�e� �i�n�t�e�r�c�e�p�t� �a�n�d� �s�l�o�p�e� �o�f� �t�h�e� 

�e�s�t�i�m�a�t�e�d� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�.� �T�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �i�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n�s� �i�n�c�l�u�d�e� �t�w�o� 

�g�e�n�d�e�r� �d�u�m�m�y� �v�a�r�i�a�b�l�e�s� �d�e�n�o�t�i�n�g� �d�e� �f�a�c�t�o� �a�n�d� �d�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� �T�h�e�y� 

�a�l�s�o� �i�n�c�l�u�d�e� �f�i�v�e� �m�a�n�a�g�e�m�e�n�t� �d�u�m�m�y� �v�a�r�i�a�b�l�e�s�:� �w�h�e�t�h�e�r� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d� �h�a�s� 

�r�e�c�e�i�v�e�d� �a�n�y� �f�o�r�m�a�l� �s�c�h�o�o�l�i�n�g�,� �w�h�e�t�h�e�r� �h�e� �o�r� �s�h�e� �h�a�s� �h�a�d� �a�n�y� �e�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g�,� �w�h�e�t�h�e�r� 

�a�n�y� �c�r�e�d�i�t�'�®� �w�a�s� �u�s�e�d� �t�o� �p�u�r�c�h�a�s�e� �s�e�e�d�s� �o�r� �f�e�r�t�i�l�i�z�e�r�,� �w�h�e�t�h�e�r� �t�h�e� �m�a�i�z�e� �p�l�o�t� �w�a�s� �w�e�e�d�e�d�,� 

�a�n�d� �w�h�e�t�h�e�r� �o�x� �l�a�b�o�r� �w�a�s� �u�s�e�d� �i�n� �c�u�l�t�i�v�a�t�i�o�n�.� �N�o�t� �o�n�l�y� �d�o� �t�h�e�s�e� �f�i�v�e� �v�a�r�i�a�b�l�e�s� �i�n�d�i�c�a�t�e� 

�h�o�w� �e�f�f�i�c�i�e�n�t�l�y� �a� �h�o�u�s�e�h�o�l�d ��s� �p�l�o�t�s� �a�r�e� �m�a�n�a�g�e�d�,� �b�u�t� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �g�e�n�d�e�r� �d�u�m�m�y� 

�v�a�r�i�a�b�l�e�s�,� �t�h�e�y� �i�n�d�i�c�a�t�e� �w�h�e�t�h�e�r� �f�e�m�a�l�e�s �� �a�b�i�l�i�t�y� �t�o� �f�a�r�m� �i�s� �a�f�f�e�c�t�e�d� �b�y� �a�c�c�e�s�s� �t�o� 

�e�d�u�c�a�t�i�o�n�;� �e�x�t�e�n�s�i�o�n�;� �c�r�e�d�i�t�;� �o�r� �b�y� �l�a�b�o�r� �b�o�t�t�l�e�n�e�c�k�s� �d�u�r�i�n�g� �t�h�e� �r�a�i�n�y� �s�e�a�s�o�n�,� �w�h�e�n� 

�w�e�e�d�i�n�g� �b�e�c�o�m�e�s� �n�e�c�e�s�s�a�r�y�.� �T�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �v�a�r�i�a�b�l�e� �i�s� �t�h�e� �a�v�e�r�a�g�e� �m�o�n�t�h�l�y� �r�a�i�n�f�a�l�l� 

�f�o�r� �t�h�e� �1�9�9�2�-�9�3� �a�g�r�i�c�u�l�t�u�r�a�l� �y�e�a�r�,� �m�e�a�s�u�r�e�d� �i�n� �c�e�n�t�i�m�e�t�e�r�s� �a�t� �t�h�e� �R�D�P� �l�e�v�e�l�.� �P�e�r�s�o�n�-�l�a�b�o�r� 

�d�a�y�s�,� �a�n�d� �f�e�r�t�i�l�i�z�e�r�,� �m�e�a�s�u�r�e�d� �i�n� �k�i�l�o�g�r�a�m�s� �o�f� �n�i�t�r�o�g�e�n�,� �a�l�l� �a�r�e� �t�r�e�a�t�e�d� �a�s� �v�a�r�i�a�b�l�e� �a�n�d� 

�t�e�s�t�e�d� �f�o�r� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �t�h�e�y� �a�r�e� �a�c�t�u�a�l�l�y� �q�u�a�s�i�-�f�i�x�e�d�.� 

� � 

�' �� �C�r�e�d�i�t�,� �a�l�t�h�o�u�g�h� �n�o�t� �i�n� �i�t�s�e�l�f� �a� �c�o�n�t�r�i�b�u�t�o�r� �t�o� �y�i�e�l�d�s�,� �m�a�y� �i�n�s�u�r�e� �t�h�e� �t�i�m�e�l�i�n�e�s�s� �o�f� �f�a�r�m�e�r ��s� �a�c�c�e�s�s� �t�o� 
�f�e�r�t�i�l�i�z�e�r� �a�n�d� �s�e�e�d�s� �i�n� �M�a�l�a�w�i�.� �T�h�u�s�,� �i�t� �i�s� �a�n� �i�n�d�i�r�e�c�t�,� �b�u�t� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e� �i�n� �s�m�a�l�l�h�o�l�d�e�r� �c�u�l�t�i�v�a�t�i�o�n�.� 
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�L�a�n�d�h�o�l�d�i�n�g� �s�i�z�e�,� �m�e�a�s�u�r�e�d� �i�n� �h�e�c�t�a�r�e�s�,� �i�s� �t�r�e�a�t�e�d� �a�s� �a� �q�u�a�s�i�-�f�i�x�e�d� �v�a�r�i�a�b�l�e� �i�n� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �p�r�o�c�e�s�s�.� �T�h�e�r�e� �i�s� �n�o� �f�o�r�m�a�l� �l�a�n�d� �m�a�r�k�e�t� �i�n� �M�a�l�a�w�i� �d�u�e� �t�o� �t�h�e� �c�u�s�t�o�m�a�r�y� �l�a�n�d� 

�t�e�n�u�r�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �t�h�e� �s�m�a�l�l�h�o�l�d�e�r� �s�e�c�t�o�r�.� �T�h�e� �a�b�s�e�n�c�e� �o�f� �a� �l�a�n�d� �m�a�r�k�e�t� �p�r�e�c�l�u�d�e�s� 

�t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �l�a�n�d� �p�r�i�c�e�s� �t�o� �t�e�s�t� �f�o�r� �a� �l�a�n�d� �c�o�n�s�t�r�a�i�n�t�.� �F�u�r�t�h�e�r�,� �c�o�m�b�i�n�e�d� �w�i�t�h� �g�r�o�w�i�n�g� 

�l�a�n�d� �s�c�a�r�c�i�t�y� �a�n�d� �t�h�e� �n�a�t�i�o�n ��s� �e�m�p�h�a�s�i�s� �o�n� �m�a�i�z�e� �a�s� �a� �s�t�a�p�l�e� �s�u�b�s�i�s�t�e�n�c�e� �c�r�o�p�,� �m�o�s�t� 

�s�m�a�l�l�h�o�l�d�e�r�s� �h�a�v�e� �l�i�t�t�l�e� �l�a�n�d� �f�o�r� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �a�n�d� �p�r�o�d�u�c�e� �a�s� �m�u�c�h� �m�a�i�z�e� �a�s� �p�o�s�s�i�b�l�e� 

�f�o�r� �h�o�u�s�e�h�o�l�d� �c�o�n�s�u�m�p�t�i�o�n�.� �T�h�u�s�,� �i�t� �i�s� �r�e�a�s�o�n�a�b�l�e� �t�o� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �p�l�o�t�s� �i�s� 

�c�o�n�s�t�r�a�i�n�e�d�.� 

�T�h�e� �N�S�S�A� �p�r�o�v�i�d�e�s� �a�l�l� �d�a�t�a� �f�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �a�n�a�l�y�s�i�s� �e�x�c�e�p�t� �p�r�o�d�u�c�e�r� �m�a�i�z�e� 

�p�r�i�c�e�s�,� �f�e�r�t�i�l�i�z�e�r� �p�r�i�c�e�s�,� �r�a�i�n�f�a�l�l� �d�a�t�a�,� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �p�e�r�s�o�n�-�d�a�y�s� �e�a�c�h� �h�o�u�s�e�h�o�l�d� 

�d�e�v�o�t�e�d� �t�o� �c�u�l�t�i�v�a�t�i�n�g� �i�t�s� �c�r�o�p�s�.� �H�e�n�c�e�,� �t�h�e� �s�t�u�d�y� �u�s�e�s� �m�a�i�z�e� �a�n�d� �f�e�r�t�i�l�i�z�e�r� �p�r�i�c�e�s� �f�o�r� 

�1�9�9�2�-�9�3� �f�r�o�m� �a� �W�o�r�l�d� �B�a�n�k� �A�F�T�E�S� �W�o�r�k�i�n�g� �P�a�p�e�r�,�  ��M�a�l�a�w�i�:� �E�c�o�n�o�m�i�c� �R�e�f�o�r�m� �a�n�d� 

�A�g�r�i�c�u�l�t�u�r�a�l� �S�t�r�a�t�e�g�y�. �� �M�o�n�t�h�l�y� �r�a�i�n�f�a�l�l� �d�a�t�a� �a�t� �t�h�e� �R�D�P� �l�e�v�e�l� �w�a�s� �p�r�o�v�i�d�e�d� �d�i�r�e�c�t�l�y� �b�y� 

�t�h�e� �N�S�O�.� 

�L�a�b�o�r� �e�s�t�i�m�a�t�e�s� �a�r�e� �c�o�m�p�u�t�e�d� �u�s�i�n�g� �N�S�S�A� �h�o�u�s�e�h�o�l�d� �c�o�m�p�o�s�i�t�i�o�n�,� �h�i�r�e�d� �l�a�b�o�r�,� 

�a�n�d� �o�f�f�-�f�a�r�m� �e�m�p�l�o�y�m�e�n�t� �d�a�t�a�.� �I�t� �i�s� �a�s�s�u�m�e�d� �t�h�a�t� �e�a�c�h� �m�e�m�b�e�r� �o�f� �e�a�c�h� �h�o�u�s�e�h�o�l�d� �w�o�r�k�s� 

�s�i�x� �d�a�y�s� �a� �w�e�e�k� �w�i�t�h� �a� �t�o�t�a�l� �o�f� �t�w�o� �w�e�e�k�s� �v�a�c�a�t�i�o�n� �e�a�c�h� �y�e�a�r�.� �T�h�i�s� �s�u�m�s� �t�o� �3�0�0� �w�o�r�k�i�n�g� 

�d�a�y�s� �a�n�n�u�a�l�l�y� �p�e�r� �h�o�u�s�e�h�o�l�d� �m�e�m�b�e�r�,� �w�i�t�h� �w�o�r�k�i�n�g� �d�a�y�s� �f�o�r� �w�o�m�e�n� �a�n�d� �c�h�i�l�d�r�e�n� 

�w�e�i�g�h�t�e�d� �b�y� �t�h�e� �r�a�t�i�o� �o�f� �t�h�e�i�r� �g�a�n�y�u� �w�a�g�e�s� �(�r�e�p�o�r�t�e�d� �i�n� �t�h�e� �N�S�S�A� �S�D�A� �m�o�d�u�l�e�)� �t�o� �t�h�e� 

�g�a�n�y�u� �w�a�g�e�s� �r�e�c�e�i�v�e�d� �b�y� �m�a�l�e�s�.� �T�h�e� �a�s�s�u�m�p�t�i�o�n� �o�f� �a� �f�u�l�l� �w�o�r�k�i�n�g� �y�e�a�r� �f�o�r� �c�h�i�l�d�r�e�n� �i�s� 

�n�o�t� �u�n�r�e�a�l�i�s�t�i�c� �i�n� �l�i�g�h�t� �o�f� �t�h�e� �v�e�r�y� �l�o�w� �e�n�r�o�l�l�m�e�n�t� �r�a�t�e�s� �a�n�d� �s�h�o�r�t� �e�n�r�o�l�l�m�e�n�t� �p�e�r�i�o�d�s� 

�4�2



�p�r�e�v�a�l�e�n�t� �a�m�o�n�g� �s�m�a�l�l�h�o�l�d�e�r� �c�h�i�l�d�r�e�n� �b�e�f�o�r�e� �t�h�e� �n�e�w� �p�o�l�i�t�i�c�a�l� �r�e�g�i�m�e� �a�b�o�l�i�s�h�e�d� �p�r�i�m�a�r�y� 

�s�c�h�o�o�l� �f�e�e�s� �i�n� �1�9�9�4�.� �O�f�f�-�f�a�r�m� �w�o�r�k�i�n�g� �d�a�y�s� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �e�m�p�l�o�y�m�e�n�t� �s�u�r�v�e�y� �a�r�e� �a�l�s�o� 

�w�e�i�g�h�t�e�d� �a�n�d� �s�u�b�t�r�a�c�t�e�d� �f�r�o�m� �e�a�c�h� �h�o�u�s�e�h�o�l�d ��s� �t�o�t�a�l� �a�v�a�i�l�a�b�l�e� �l�a�b�o�r� �e�s�t�i�m�a�t�e�s�.� �A�n�y� �h�i�r�e�d� 

�l�a�b�o�r� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �N�S�S�A� �h�o�u�s�e�h�o�l�d� �c�o�m�p�o�s�i�t�i�o�n� �m�o�d�u�l�e� �i�s� �a�d�d�e�d� �t�o� �e�a�c�h� �h�o�u�s�e�h�o�l�d ��s� 

�t�o�t�a�l� �d�a�y�s� �a�n�d� �t�h�e� �v�a�l�u�e� �i�s� �d�i�v�i�d�e�d� �b�y� �t�h�e� �h�o�u�s�e�h�o�l�d ��s� �t�o�t�a�l� �c�u�l�t�i�v�a�t�e�d� �a�r�e�a� �t�o� �o�b�t�a�i�n� �a�n� 

�e�s�t�i�m�a�t�e� �o�f� �t�h�e� �a�m�o�u�n�t� �o�f� �l�a�b�o�r� �a�v�a�i�l�a�b�l�e� �p�e�r� �h�e�c�t�a�r�e� �f�o�r� �t�h�e� �h�o�u�s�e�h�o�l�d�.� 

�3�.�5� �H�e�a�d�s�h�i�p� �C�a�t�e�g�o�r�i�e�s� 

�R�e�s�e�a�r�c�h� �o�n� �i�n�t�r�a�-�h�o�u�s�e�h�o�l�d� �d�y�n�a�m�i�c�s� �e�x�p�l�a�i�n�s� �t�h�a�t� �f�e�m�a�l�e� �h�e�a�d�s�h�i�p� �i�s� �n�o�t� 

�n�e�c�e�s�s�a�r�i�l�y� �i�m�p�l�i�e�d� �b�y� �t�h�e� �a�b�s�e�n�c�e� �o�f� �a� �m�a�l�e� �s�p�o�u�s�e�.� �N�o�r� �i�s� �i�t� �n�e�g�a�t�e�d� �a�l�t�o�g�e�t�h�e�r� �b�y� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �a� �m�a�l�e� �s�p�o�u�s�e�.� �D�e�y� �(�1�9�8�4�)� �a�r�g�u�e�s� �t�h�a�t� �a�l�t�h�o�u�g�h� �p�o�l�i�c�y� �m�a�k�e�r�s� �a�n�d� 

�d�e�v�e�l�o�p�m�e�n�t� �p�l�a�n�n�e�r�s� �c�o�m�m�o�n�l�y� �s�t�e�r�e�o�t�y�p�e� �t�h�e� �m�a�l�e� �s�p�o�u�s�e� �a�s� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�,� �o�f�t�e�n� 

�i�n� �s�u�b�-�S�a�h�a�r�a�n� �A�f�r�i�c�a�  ��m�e�n� �a�n�d� �w�o�m�e�n� �h�a�v�e� �s�e�p�a�r�a�t�e� �b�u�t� �c�o�m�p�l�e�m�e�n�t�a�r�y� �r�o�l�e�s� �a�n�d� 

�r�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s� �f�o�r� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�o�n�. �� �(�p�.�1�1�)� �S�h�e� �a�r�g�u�e�s� �t�h�a�t� �t�h�i�s� �s�t�e�r�e�o�t�y�p�i�n�g� 

�i�g�n�o�r�e�s� �f�e�m�a�l�e� �s�p�o�u�s�e�s �� �r�o�l�e�s� �a�s�  ��o�w�n�-�a�c�c�o�u�n�t� �f�a�r�m�e�r�s� �a�n�d� �b�u�s�i�n�e�s�s� �w�o�m�e�n�. �� �(�p�.�1�2�)� 

�M�o�s�e�r� �(�1�9�9�3�)� �w�r�i�t�e�s� �t�h�a�t� �t�h�e� �i�d�e�a� �o�f� �a� �h�o�u�s�e�h�o�l�d� �h�e�a�d�,�  ��n�o�r�m�a�l�l�y� �a�s�s�u�m�e�d� �t�o� �b�e� �a� �m�a�l�e�, �� 

�m�a�y� �b�e� �a�  ��f�i�g�m�e�n�t� �o�f� �t�h�e� �s�t�a�t�i�s�t�i�c�i�a�n� �s� �i�m�a�g�i�n�a�t�i�o�n �� �d�u�e� �t�o� �t�h�e� �m�u�l�t�i�p�l�e� �r�o�l�e�s� �w�o�m�e�n� 

�f�u�l�f�i�l�l� �w�i�t�h�i�n� �t�h�e� �h�o�u�s�e�h�o�l�d�.� �(�p�.�1�6�)� �H�e�r� �r�e�v�i�e�w� �o�f� �g�e�n�d�e�r� �i�n� �a�g�r�i�c�u�l�t�u�r�a�l� �d�e�v�e�l�o�p�m�e�n�t� 

�q�u�e�s�t�i�o�n�s� �t�h�e� �d�e�s�i�g�n�a�t�i�o�n� �o�f� �h�e�a�d�s�h�i�p� �i�n� �n�a�t�i�o�n�a�l� �h�o�u�s�e�h�o�l�d� �s�u�r�v�e�y�s�,� �i�n� �p�a�r�t�i�c�u�l�a�r�.� 

�4�3



�H�o�w�e�v�e�r�,� �f�o�r� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� �a�b�s�e�n�c�e� �o�f� �a� �h�u�s�b�a�n�d� �i�s� �t�h�e� �m�a�j�o�r� �c�r�i�t�e�r�i�o�n� �f�o�r� �f�e�m�a�l�e� 

�h�e�a�d�s�h�i�p�:� �i�n�t�r�a�-�h�o�u�s�e�h�o�l�d� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �c�o�m�p�l�e�x�i�t�i�e�s� �a�r�e� �i�g�n�o�r�e�d�.� �T�h�u�s�,� �t�h�i�s� �s�t�u�d�y� 

�a�n�a�l�y�z�e�s� �m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�r�e�e� �b�a�s�i�c�,� �b�u�t� �w�i�d�e�l�y� �u�s�e�d� �c�a�t�e�g�o�r�i�e�s�:� �m�a�l�e�-� 

�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�,� �d�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�,� �a�n�d� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-�h�e�a�d�e�d� 

�h�o�u�s�e�h�o�l�d�s�.� �(�G�l�a�d�w�i�n�,� �1�9�9�2�;� �K�e�n�n�e�d�y� �a�n�d� �P�e�t�e�r�s�,� �1�9�9�2�;� �D�u�e�,� �1�9�9�1�;� �L�e�l�e�,� �1�9�9�1�;� �W�o�r�l�d� 

�B�a�n�k�,� �1�9�9�1�)� �I�n� �d�e� �j�u�r�e� �h�o�u�s�e�h�o�l�d�s�,� �a� �f�e�m�a�l�e� �i�s� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d� �b�e�c�a�u�s�e� �s�h�e� �h�a�s� �n�e�v�e�r� 

�m�a�r�r�i�e�d�,� �o�r� �i�s� �w�i�d�o�w�e�d�,� �d�i�v�o�r�c�e�d�,� �o�r� �s�e�p�a�r�a�t�e�d�.� �I�n� �d�e� �f�a�c�t�o� �h�o�u�s�e�h�o�l�d�s�,� �t�h�e� �m�a�l�e� �s�p�o�u�s�e� 

�i�s� �p�o�l�y�g�a�m�o�u�s� �o�r� �l�e�a�v�e�s� �t�h�e� �f�a�r�m� �f�o�r� �p�e�r�i�o�d�s� �o�f� �o�n�e� �m�o�n�t�h� �o�r� �l�o�n�g�e�r�,� �o�f�t�e�n� �m�i�g�r�a�t�i�n�g� �i�n� 

�s�e�a�r�c�h� �o�f� �w�a�g�e� �l�a�b�o�r�.� �S�o�m�e� �r�e�s�e�a�r�c�h�e�r�s� �i�n�c�l�u�d�e� �w�o�m�e�n� �w�h�o� �a�r�e� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �t�h�e�i�r� 

�h�u�s�b�a�n�d�s� �i�n� �t�h�e� �d�e� �f�a�c�t�o� �c�a�t�e�g�o�r�y� �(�D�u�e�,� �1�9�9�1�)�,� �b�u�t� �a�s� �m�a�r�i�t�a�l� �s�e�p�a�r�a�t�i�o�n� �i�s� �o�f�t�e�n� �a� �l�e�g�a�l� �o�r� 

�p�e�r�m�a�n�e�n�t� �s�t�a�t�e�,� �o�r� �m�a�y� �r�e�f�l�e�c�t� �a�b�a�n�d�o�n�m�e�n�t� �b�y� �t�h�e� �s�p�o�u�s�e�.� �t�h�i�s� �s�t�u�d�y� �d�e�s�i�g�n�a�t�e�s� 

�s�e�p�a�r�a�t�e�d� �w�o�m�e�n� �a�s� �d�e� �j�u�r�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s�.� 

�3�.�6� �S�u�m�m�a�r�y� �S�t�a�t�i�s�t�i�c�s� 

�A�v�e�r�a�g�e�s� �o�f� �t�h�e� �s�u�r�v�e�y� �d�a�t�a� �r�e�v�e�a�l� �t�h�a�t� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �a�r�e� �n�o�t� 

�h�o�m�o�g�e�n�e�o�u�s� �e�n�t�i�t�i�e�s�.� �D�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �h�a�v�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�0� �f�e�w�e�r� 

�d�a�y�s� �o�f� �a�v�a�i�l�a�b�l�e� �l�a�b�o�r� �f�o�r� �h�o�u�s�e�h�o�l�d� �p�r�o�d�u�c�t�i�o�n� �p�e�r� �y�e�a�r� �t�h�a�n� �t�h�e�i�r� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-� 

�h�e�a�d�e�d� �c�o�u�n�t�e�r�p�a�r�t�s�,� �w�h�o� �o�f�t�e�n� �h�a�v�e� �h�u�s�b�a�n�d�s� �e�m�p�l�o�y�e�d� �e�l�s�e�w�h�e�r�e� �a�s� �w�a�g�e� �l�a�b�o�r�e�r�s� 

�(�T�a�b�l�e� �3�.�1�)�.� �D�e� �s�u�r�e� �f�e�m�a�l�e� �h�e�a�d�s� �o�f� �h�o�u�s�e�h�o�l�d� �a�r�e� �a�l�s�o� �a�n� �a�v�e�r�a�g�e� �o�f� �4�8� �p�e�r�c�e�n�t� �l�e�s�s� 

�l�i�k�e�l�y� �t�o� �r�e�c�e�i�v�e� �e�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g� �a�n�d� �3�7� �p�e�r�c�e�n�t� �l�e�s�s� �l�i�k�e�l�y� �t�o� �h�a�v�e� �a�n�y� �f�o�r�m�a�l� 

�s�c�h�o�o�l�i�n�g� �t�h�a�n� �d�e� �f�a�c�t�o� �f�e�m�a�l�e� �h�e�a�d�s�.� �D�e� �f�a�c�t�o� �f�e�m�a�l�e� �h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �a�c�h�i�e�v�e� 

�4�4



�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 

�t�l� 
�P�L� 

�v�e�l� 
�9�9�D�)� 

�F�o�z� �M
�o

�p
� �O�N

� 

�O
�c� 

�S�t� 
�I�P�s� 

�£�8�0�)� 
�F�O

�Z�I�M
�I�O

�4�]� 
� �A�Z�I�B�J�A� 

�[�R�9�0�7�]� 

�$�l� 
�t�v� 

�8�1�8� 
�T�S�O�;� 

� �F�9�2�t�P�4�o�y�f� 
�O

�N
� 

�V�C� 
�8�b� 

�L�9�8� 
�7�6�0� 

�J�a�z�i�[�d�a�J�}� �o�z�r�e�W
� 

�P
�u�q�d�H

�]� 
�=

�H
� 

�n
�e

� �o�q� 

�S�t� 
�e�S� 

�£�9�6� 
�C�L�L�}� 

�4�9�2�1�[�1�1�9�.�.� 
�O

�N
� 

�O�f� 
�1�S� 

�P�c�O
�l� 

�S�O�'�l� 
�J�O

�Z�I�[�T�I�O
�4�)� �A

�Z
�T

� 
�[�B�9�0�]� 

�S�P� 
�L�Y� 

�8�c�O
�l� 

�D�e�t�}� 
�A

�n
�z

�i�o
�,� 
�O

�N
� 

�v�s� 
�6�9� 

�c�L�O
�l� 

�[�l�l� 
�J�o�z�i�i�w�a�.�{�]� �a�z�i�e�y�y� �P�u�q�k�H

�]� �H
�H

�A
� 

�e
�y

� �o�q� 

�9�¢� 
�8�9� 

�$�8�8� 
�L�O

�O
�}� 

�4
�9

�2
�1

�4
�9

�.� 
�O

�N
� 

�P�t� 
�L�Y� 

�C
�6� 

�6�0�1� 
�J�O�Z�I�[�I�M

�H�o�q�)� �o�Z�t�e�y�A�l� �[�8�9�0�7�]� 

�v�e� 
�C�L� 

�P�e�o� 
�C�T�E�}� 

�f�o�z�t�{� �H�a�t�o�]� �O
�N

� 

�O�t� 
�L�t� 

�L�9�6� 
�L�t� 

�J�O
�Z

�I�N
�I�2

� 
�J�}� �O

�Z
�R

�]� 
�P�L�I�Q

�A�y�]� 
�H

�H
�I� 

�(�%�,�)� 
�(�°�/�,�)�|� 

�(�v�y�y�s�A
�e�p�-�u�o�s�a�a�d�)� �(�v�y�)� 

�S
�U

�I�U
�I�B

�A
� 

�|� �U
�O

�I�S
�U

�a�)�X
�]� 

�|� �U
�O

�N
�R

�I�N
�p�s�y� 

�A
�0�g�e�q�|� �p�a�y�w

�a�y�y�n�y�|� �u�o
�n

�v
�o

�y
�d

�d
�y

� 
�A

�J�O
�L�I�B

�A
� 

�A
�1�0�3�9�}�B

�,�)� 

�p�r�a�i�o�o�d� 
�H

�H
�]� 

�W
�I�M

� 
�A

� 
�I�I�Q

�U
�E

�I�B
�A

�Y
�|� 

�B
�a

�y
� �[�B

�}�0
� 

�7�,� 
�U

�I�S
�O

�A
�P

�I�N
� 

�I�T�I�V�I�A� 
�J�o

�p
�u

�a
�y� 

� � � � 
� � � � 

� � 
� � 

� � 
�
 
�
 

�9�.�1�9�7� �p�l�o�y�a�s�n�o�p� 
�a�y�)� �y�e� �s�o�n�s�n�e�s�g� 

�A
�a�e�u�u�N

�n�s� 

�I�e� �9�1�9�8�7� 

�4�5



�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 

�8�8� 
�C� 

�S�|� 
�S� 

�0� 
�L�e�'�0� 

�O�C�E�L�]� �J�9�Z�t�[�4�9�4� 
�O

�N
� 

�6�6� 
�C� 

�6�1� 
�O�£� 

�0�0�1� 
�c�r�o� 

�1�3�9�1� 
�J�O

�Z�I�N
�A�9� 
�4� 

�9�Z�I�B
�W

� 
�[�B�9�0�7�]� 

�C�L� 
�b� 

�v�l� 
�1�2� 

�0� 
�t�£�°�0� 

�P�O�S�T�]� �4�9�2�1� 
�!�H�O

�4� �O�N
� 

�8�6� 
�C� 

�6�l� 
�9�¢� 

�A
� 

�1�P�'�0� 
�v�O

�T�T� 
�J�o�z�y�i�u�e�4�]� �a�z�i�e�W

� 
�p�u�q�k�H

�|� 
�H

�A
�Y

� 
�n

�f� �a�q� 

�9�9� 
�S� 

�S�|� 
�S�i� 

�0� 
 ¬�s�'�0� 

�8�9�b�1�)� 
�A

�z�i�p�u�e�4� 
�O

�N
� 

�6�6� 
�C�c� 

 ¬�|� 
�s�e� 

�S�I� 
�9�¢�°�0� 

�[�S�L�I� 
�J�O

�Z�I�I�Y
�9�4� 

�o�Z�I�B
�W

� 
�[�8�9�0�7�]� 

�I�g� 
�L� 

�r�l� 
�O�¢� 

�0� 
�r�S�'�0� 

�E�S�C
�}� �4�9�2�1�1�9�4� 

�O
�N

� 

�9�6� 
�L� 

�v�l� 
�8�9� 

�6�0�1� 
 ¬�s�'�0� 

�O
�L�S

�C
� 

�J
�a

�z
�e

�]� 
�a�z�i�e�y�w� 

�P
�u�q�k�H

�|� �H
�H

� 
�9

�8
�4

� �2�G
� 

�0�6� 
�¢� 

�r�l� 
�8� 

�0� 
�c�v�'�0� 

�P�i�p�l�]� 
�4�9�2�Z�i�]�1�9�4� 

�O
�N

� 

�6�6� 
�c� 

�a� 
�c�t� 

�0�0�1� 
�b�y� �0� 

�O
�O

�L�I� 
�J�O

�Z�I�N
�I�O

�J� �a�Z�I�B
�Y

� 
�[�2�9�0�°�]� 

�6�L� 
�v� 

�v�l� 
�O�¢� 

�0� 
�c�r� �0� 

�1�9�0�]� 
�4�9�Z�t� �N

�a
�y� �O�N

� 

�6�6� 
�t� 

�c�l� 
�0�9� 

�C�C�l� 
�r�r� �0� 

�L�C
�9�C

� 
�d�o�z�i�e�r�]�  �� �a�z�i�e�y� �P�l�i�q�h�y�H� 

�H
�H

�W
� 

�%�)� 
�(�%�)� 

�(�%�)� 
�(�%�)� 

�e�y�/�s�y� 
�e�y�)� 

�B�U�/�a�y� 
�P

�I�p�I�a�M
�|�I�0�1�g� 

�M
�O

�}�q� 
�O�F�}� �=

� �p�a�y�d�d�y� 
�s�j�n�d�u�y� �a�s�e�y�o�i�n�g�|� �u�a�s�o�a�j�I� 

�u
�o

�n
�e

�o
�d

�d
�y

� 
�A�J�O

�N
�I�B�A� 

�A
�1

�0
�3

�9
�}�8

� 

�O�}�d�|� 
�P�a�s�p�y� �u�a�x�g�]� 

�a�a�n�u�e�y�,� 
�0�)� �p�a�s�s�)� �M

�p�a�a�D
�]� �4�A�a�z�Z�y�W

�A�I�4�z�]� �« ��-�9�Z�I�S� �J�O�J�g�}�]� �=� �S�P�J�B�I�A� 
�U

�I�s�O
�A

�V
�I�N

� 
�I�Z�I�V�I�A�]� 

�J�a�p�u�a�y� 
� � � � � � 

� � � � � � � � � � � � 
� � 

�
 
�
 

�[�9�4�9�]� �O
�f� �9�4�)� �9�8� �S�I�N�S�T�V�R�I�S� 

�A�T�B�U
�T�U

�I�N
�S� 

�C
�e� �P

�G
�B

� 
�L� 

�4�6



�T�a�b�l�e� �3�.�3� 

�P�e�r�c�e�n�t�a�g�e� �o�f� �H�o�u�s�e�h�o�l�d�s� �U�s�i�n�g� �H�y�b�r�i�d� �S�e�e�d�s� �o�r� �A�p�p�l�y�i�n�g� �F�e�r�t�i�l�i�z�e�r �� 

� � 

� � 

� � 

� � 

� � 

� � � � 

�H�y�b�r�i�d� �M�a�i�z�e� �L�o�c�a�l� �M�a�i�z�e� 

�F�e�r�t�i�l�i�z�e�r� �|�N�o� �F�e�r�t�i�l�i�z�e�r� �|� �F�e�r�t�i�l�i�z�e�r� �|�N�o� �F�e�r�t�i�l�i�z�e�r� 

�A�l�l� �H�o�u�s�e�h�o�l�d�s� �|� �1�7�.�3�%� �2�5�.�1�%� �1�7�.�9�%� �5�9�.�4�%� 

�M�H�H� �2�0�.�9�%� �2�7�.�2�%� �2�0�.�2�%� �5�7�.�0�%� 

�D�e� �F�a�c�t�o� �F�H�H� �1�4�.�0�%� �4�2�.�3�%� �1�6�.�0�%� �6�9�.�8�%� 

�D�e� �J�u�r�e� �F�H�H� �1�0�.�7�%� �1�8�.�9�%� �1�3�.�6�%� �6�2�.�0�%� � � � � � � � � � � � � 

�*� �T�h�i�s� �t�a�b�l�e� �s�h�o�w�s� �t�h�e� �p�e�r�c�e�n�t� �o�f� �h�o�u�s�e�h�o�l�d�s� �i�n� �e�a�c�h� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� 

�c�a�t�e�g�o�r�y� �a�d�o�p�t�i�n�g� �e�a�c�h� �t�y�p�e� �o�f� �t�e�c�h�n�o�l�o�g�y� �r�e�g�i�m�e�  ��f�-�a�c�h� �h�o�u�s�e�h�o�l�d� 

�m�a�y� �a�d�o�p�t� �m�o�r�e� �t�h�a�n� �o�n�e� �t�e�c�h�n�o�l�o�g�y� �r�e�g�i�m�e�.� �s�o� �p�e�r�c�e�n�t�a�g�e�s� �d�o� �n�o�t� 

�s�u�m� �t�o� �1�0�0�.� 
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�p�r�o�d�u�c�t�i�o�n� �l�e�v�e�l�s� �o�f� �b�e�t�w�e�e�n� �1�0�0� �a�n�d� �4�4�9� �k�i�l�o�g�r�a�m�s� �m�o�r�e� �m�a�i�z�e� �p�e�r� �h�e�c�t�a�r�e� �t�h�a�n� �d�e� �j�u�r�e� 

�f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �(�T�a�b�l�e� �3�.�2�)� �a�n�d� �h�a�v�e� �h�i�g�h�e�r� �r�a�t�e�s� �o�f� �f�e�r�t�i�l�i�z�e�r� �u�s�e� �(�T�a�b�l�e� �3�.�3�)�.� 

�T�h�e�y� �a�r�e� �n�e�a�r�l�y� �t�w�i�c�e� �a�s� �l�i�k�e�l�y� �t�o� �a�d�o�p�t� �h�y�b�r�i�d� �s�e�e�d�s�.� �C�l�e�a�r�l�y�,� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-�h�e�a�d�e�d� 

�h�o�u�s�e�h�o�l�d�s� �o�p�e�r�a�t�e� �i�n� �a� �m�u�c�h� �m�o�r�e� �i�n�p�u�t�-�i�n�t�e�n�s�i�v�e� �p�r�o�d�u�c�t�i�o�n� �r�e�g�i�m�e� �t�h�a�n� �d�e� �j�u�r�e� 

�f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �w�i�t�h� �m�o�r�e� �a�c�c�e�s�s� �t�o� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �t�r�a�i�n�i�n�g�.� �T�h�u�s�,� �i�t� �i�s� 

�i�m�p�o�r�t�a�n�t� �t�o� �d�i�f�f�e�r�e�n�t�i�a�t�e� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �g�r�o�u�p�s� �i�n� �d�i�s�c�u�s�s�i�n�g� �m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n�.� 

�T�h�e� �a�v�e�r�a�g�e� �y�i�e�l�d�s� �r�e�a�l�i�z�e�d� �o�n� �m�a�l�e�-�h�e�a�d�e�d� �s�m�a�l�l�h�o�l�d�e�r� �f�a�r�m�s� �a�r�e� �c�o�m�p�a�r�a�b�l�e� �t�o� 

�t�h�o�s�e� �o�n� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-�h�e�a�d�e�d� �f�a�r�m�s� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �h�y�b�r�i�d� �m�a�i�z�e� �p�l�o�t�s� 

�c�u�l�t�i�v�a�t�e�d� �w�i�t�h�o�u�t� �f�e�r�t�i�l�i�z�e�r�,� �f�o�r� �w�h�i�c�h� �y�i�e�l�d�s� �o�n� �t�h�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �f�a�r�m�s� �a�r�e� �a�b�o�u�t� �2�0�0� 

�k�i�l�o�g�r�a�m�s� �h�i�g�h�e�r� �p�e�r� �h�e�c�t�a�r�e�.� �D�e� �f�a�c�t�o� �f�e�m�a�l�e� �h�e�a�d�s� �o�f� �h�o�u�s�e�h�o�l�d� �h�a�v�e� �a� �m�u�c�h� �h�i�g�h�e�r� 

�r�a�t�e� �o�f� �a�d�o�p�t�i�o�n� �f�o�r� �h�y�b�r�i�d� �s�e�e�d�s� �g�r�o�w�n� �w�i�t�h�o�u�t� �f�e�r�t�i�l�i�z�e�r�,� �a�s� �4�2�.�7�%� �a�d�o�p�t�,� �c�o�m�p�a�r�e�d� �t�o� 

�2�7�.�2�%� �o�f� �m�a�l�e�s�.� �H�o�w�e�v�e�r�,� �d�e� �f�a�c�t�u� �f�e�m�a�l�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s� �a�r�e� �l�e�s�s� �l�i�k�e�l�y� �t�o� �u�s�e� 

�f�e�r�t�i�l�i�z�e�r� �r�e�g�a�r�d�l�e�s�s� �o�f� �w�h�e�t�h�e�r� �t�h�e�y� �a�r�e� �c�u�l�t�i�v�a�t�i�n�g� �a� �l�o�c�a�l� �o�r� �h�y�b�r�i�d� �v�a�r�i�e�t�y�.� �A� �h�i�g�h�e�r� 

�p�r�o�p�o�r�t�i�o�n� �o�f� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �a�l�s�o� �c�u�l�t�i�v�a�t�e� �l�o�c�a�l� �m�a�i�z�e� �w�i�t�h�o�u�t� 

�f�e�r�t�i�l�i�z�e�r�.� �I�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �d�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �f�a�c�i�n�g� �c�a�s�h� �o�r� �c�r�e�d�i�t� 

�c�o�n�s�t�r�a�i�n�t�s� �t�h�a�t� �p�r�e�v�e�n�t� �t�h�e� �u�s�e� �o�f� �b�o�t�h� �i�m�p�r�o�v�e�d� �s�e�e�d�s� �a�n�d� �f�e�r�t�i�l�i�z�e�r� �t�e�n�d� �t�o� �a�p�p�l�y� �t�h�e�i�r� 

�f�u�n�d�s� �t�o� �h�y�b�r�i�d� �s�e�e�d�s�,� �w�h�i�l�e� �m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �m�o�r�e� �o�f�t�e�n� �c�h�o�o�s�e� �f�e�r�t�i�l�i�z�e�r�.� �N�S�S�A� 

�d�a�t�a� �i�n�d�i�c�a�t�e� �t�h�a�t� �4�5� �p�e�r�c�e�n�t� �o�f� �d�e� �f�a�c�t�o� �f�e�m�a�l�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s� �r�e�c�e�i�v�e� �e�x�t�e�n�s�i�o�n� 

�s�u�p�p�o�r�t�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� �3�4� �p�e�r�c�e�n�t� �o�f� �m�a�l�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s�.� �w�h�i�l�e� �d�e� �f�a�c�t�o� �f�e�m�a�l�e� �a�n�d� 

�m�a�l�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s� �g�r�o�w�i�n�g� �l�o�c�a�l� �v�a�r�i�e�t�i�e�s� �w�i�t�h� �f�e�r�t�i�l�i�z�e�r� �h�a�v�e� �a� �m�o�r�e� �c�o�m�p�a�r�a�b�l�e� 

�i�n�c�i�d�e�n�c�e� �o�f� �e�x�t�e�n�s�i�o�n� �c�o�n�t�a�c�t� �(�3�6� �a�n�d� �3�4� �p�e�r�c�e�n�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�u�s�,� �a� �h�i�g�h�e�r� 
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�i�n�c�i�d�e�n�c�e� �o�f� �e�x�t�e�n�s�i�o�n� �c�o�n�t�a�c�t� �c�o�u�l�d� �e�x�p�l�a�i�n� �t�h�e� �h�i�g�h�e�r� �h�y�b�r�i�d� �a�d�o�p�t�i�o�n� �r�a�t�e� �f�o�r� �d�e� �f�a�c�t�o� 

�f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� 

�3�.�7� �E�m�p�i�r�i�c�a�l� �E�s�t�i�m�a�t�i�o�n� �a�n�d� �T�e�s�t�i�n�g� 

�T�h�e� �a�n�a�l�y�s�i�s� �u�s�e�s� �a� �t�r�a�n�s�l�o�g� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n� 

�o�f� �s�m�a�l�l�h�o�l�d�e�r� �p�r�o�d�u�c�e�r�s� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �h�y�b�r�i�d� �a�n�d� �l�o�c�a�l� �g�r�o�w�e�r�s�,� �a�s� �w�e�l�l� �a�s� �t�h�o�s�e� �w�h�o� 

�u�s�e� �o�r� �d�o� �n�o�t� �u�s�e� �f�e�r�t�i�l�i�z�e�r�.� �U�s�i�n�g� �t�h�e� �v�a�r�i�a�b�l�e�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �3�.�4�,� �w�i�t�h� �¢� �e�q�u�a�l�i�n�g� �t�h�e� 

�n�u�m�b�e�r� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s�,� �t�h�e� �f�u�n�c�t�i�o�n� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� 

�2� �8� �2� 

�I�n�y�,� �=� �@�,� �+� �2�8� �+� �h�a�a� �+� �d�r� �I�n�v�,� �+�O�l�n�z�,� �+�¢� �I�n�e�,� 

�2� �8� 
�1� 

�+�3� �>� �N�a� �S�o�M�a� �+� �2� �Y�Y� �4�,�8�,� �I�n�v�,� �+�3� �4�8� �I�n�z�,� 
�b�=�l� �d�=�l� �b�a�l� �h�e�l� 

�2� �8� �8� 
�|� �|� 

�+�4�)� �K�g�,� �I�n�e�+� �2�D� �2� �M�a�a� �+�3� �L�S� �v�4�m�,� �I�n�v�,�,� 
�b�a�l� �e�a�l� �d�=�l� �h�a�l� 

�8� �2� 

�+�4� �E�m�,� �I�n�z�,� �+�4�5� �o�m�,� �I�n�e�,� �+�3�)� �T�p�;� 
�(�5�)� �d�=�!� �d�=�l� �h�e�l� �i� 

�9�4� 

�i� 

�2� 

�I�n�v�,�,� �I�n�v�,�,� 
�=�|� 

�7� �2� 

�+�3�)� �v�,� �I�n�v�,�,� �I�n�z�,� �+�3� �>�.�9�,� �I�n�v�,�,� �I�n�e�,� �+�4� �y�(�I�n�z�,�)�?� 
�h�=�]� �h�=�\� 

�+�4�+�y�l�n�z�,� �I�n�e�,� �+�4�@�(�I�n�e�,�) �� �+�6�,� 

�f�o�r� �d� �#�e�.� 

�T�h�e� �t�r�a�n�s�l�o�g� �i�s� �c�h�o�s�e�n� �b�e�c�a�u�s�e� �i�t� �i�s� �s�u�f�f�i�c�i�e�n�t�l�y� �f�l�e�x�i�b�l�e� �a�n�d� �i�s� �a� �s�e�c�o�n�d�-�o�r�d�e�r� �T�a�y�l�o�r� 

�S�e�r�i�e�s� �a�p�p�r�o�x�i�m�a�t�i�o�n�.� �B�e�c�a�u�s�e� �t�h�e� �d�e�r�i�v�a�t�i�v�e�s� �o�f� �a� �T�a�y�l�o�r� �S�e�r�i�e�s� �a�p�p�r�o�x�i�m�a�t�i�o�n� 

�c�o�n�v�e�r�g�e� �t�o� �t�h�e� �d�e�r�i�v�a�t�i�v�e�s� �o�f� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �w�i�t�h�i�n� �a� �r�e�g�i�o�n� �o�f� 
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�V�a�r�i�a�b�l�e�s� �U�s�e�d� �i�n� �M�a�i�z�e� �P�r�o�d�u�c�t�i�o�n� �F�u�n�c�t�i�o�n� �E�s�t�i�m�a�t�i�o�n� 

� � 

�C�o�n�t�i�n�u�o�u�s� �V�a�r�i�a�b�l�e�s� 

�v�l� 
�v�2� 
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�e� 

�n�i�t�r�o�g�e�n� �a�p�p�l�i�e�d� �p�e�r� �h�e�c�t�a�r�e� �(�k�g�)� 
�a�v�a�i�l�a�b�l�e� �l�a�b�o�r� �p�e�r� �h�e�c�t�a�r�e� �(�p�e�r�s�o�n�-�d�a�y�s�)� 
�a�r�e�a� �o�f� �p�l�o�t� �(�h�a�)� 
�t�o�t�a�l� �r�a�i�n�f�a�l�l� �f�o�r� �t�h�e� �1�9�9�2�-�9�3� �a�g�r�i�c�u�l�t�u�r�a�l� �y�e�a�r� �a�t� �t�h�e� �R�D�P� �l�e�v�e�l� �(�c�m�)� 

�D�u�m�m�y� �V�a�r�i�a�b�l�e�s�' �� 

� � 
� � 

� � 

�2�]� �d�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d� 
�2� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d� 

�m�y�]� �h�o�u�s�e�h�o�l�d� �h�e�a�d� �r�e�c�e�i�v�e�d� �f�o�r�m�a�l� �e�d�u�c�a�t�i�o�n� 
�m�)� �m�a�n�u�r�e� �a�p�p�l�i�e�d� �t�o� �p�l�o�t� 
�m�3� �h�o�u�s�e�h�o�l�d� �h�e�a�d� �r�e�c�e�i�v�e�d� �s�o�m�e� �e�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g� �o�r� �s�e�r�v�i�c�e�s� 
�m�4� �p�l�o�t� �w�a�s� �w�e�e�d�e�d� 
�m�5� �c�r�e�d�i�t� �u�s�e�d� �t�o� �b�u�y� �s�e�e�d�s�.� �f�e�r�t�i�l�i�z�e�r�,� �o�r� �p�e�s�t�i�c�i�d�e�s� �f�o�r� �t�h�e� �p�l�o�t� 
�m�6� �o�x�e�n� �l�a�b�o�r� �u�s�e�d� �t�o� �p�l�o�w� �t�h�e� �p�l�o�t� 
�m�7� �h�o�u�s�e�h�o�l�d� �l�o�c�a�t�e�d� �i�n� �t�h�e� �n�o�r�t�h�e�r�n� �r�e�g�i�o�n� 
�m�g� �h�o�u�s�e�h�o�l�d� �l�o�c�a�t�e�d� �i�n� �t�h�e� �c�e�n�t�r�a�l� �r�e�g�i�o�n� 

 ��W�e�s �� �=� �1�,�  ��N�o �� �=� �0�.� 
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� 



�c�o�n�v�e�r�g�e�n�c�e� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �p�o�i�n�t� �o�f� �a�p�p�r�o�x�i�m�a�t�i�o�n�.� �T�h�u�s�,� �i�t� �i�s� �a� �g�o�o�d� �c�h�o�i�c�e� �f�o�r� 

�t�e�s�t�i�n�g� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n�,� �w�h�i�c�h� �i�n�v�o�l�v�e�s� �t�e�s�t�i�n�g� �f�i�r�s�t�-�o�r�d�e�r� �d�e�r�i�v�a�t�i�v�e�s�.� �B�y� �u�s�i�n�g� �t�h�e� 

�t�r�a�n�s�l�o�g� �f�o�r�m� �o�f� �t�h�e� �a�p�p�r�o�x�i�m�a�t�i�o�n�,� �t�h�e� �r�e�g�i�o�n� �o�f� �c�o�n�v�e�r�g�e�n�c�e� �i�s� �e�x�p�a�n�d�e�d� �t�o� �a�n� 

�i�n�f�i�n�i�t�e�l�y� �l�a�r�g�e� �c�u�b�e�,� �e�l�i�m�i�n�a�t�i�n�g� �t�h�e� �n�e�e�d� �t�o� �d�i�s�q�u�a�l�i�f�y� �d�a�t�a� �t�h�a�t� �m�i�g�h�t� �a�r�i�s�e� �i�f� �a� �q�u�a�d�r�a�t�i�c� 

�o�r� �G�e�n�e�r�a�l�i�z�e�d� �L�e�o�n�t�i�e�f� �f�o�r�m� �i�s� �u�s�e�d�.� �(�D�r�i�s�c�o�l�l�,� �1�9�9�4�)� 

�3�.�8� �T�e�s�t�i�n�g� �f�o�r� �C�o�n�s�t�r�a�i�n�t�s� �a�n�d� �E�f�f�i�c�i�e�n�c�y� 

�T�h�r�e�e� �p�r�i�n�c�i�p�a�l� �t�e�s�t�s� �n�e�e�d� �t�o� �b�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e�r�e� �1�s� �e�v�i�d�e�n�c�e� �o�f� �(�1�)� 

�g�e�n�d�e�r�-�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �t�e�c�h�n�i�c�a�l� �e�f�f�i�c�i�e�n�c�y�,� �(�2�)� �g�e�n�d�e�r�-�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �n�o�n�z�e�r�o� �s�h�a�d�o�w� 

�p�r�i�c�e�s�,� �a�n�d� �(�3�)� �n�o�n�z�e�r�o� �s�h�a�d�o�w� �p�r�i�c�e�s� �d�u�e� �t�o� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y�.� �F�i�r�s�t�,� �t�h�e� �t�e�c�h�n�i�c�a�l� 

�e�f�f�i�c�i�e�n�c�y� �o�f� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �r�e�l�a�t�i�v�e� �t�o� �m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �i�s� �e�x�a�m�i�n�e�d� 

�b�y� �t�e�s�t�i�n�g� �w�h�e�t�h�e�r� �t�h�e� �g�e�n�d�e�r� �v�a�r�i�a�b�l�e�s� �s�h�i�f�t� �t�h�e� �i�n�t�e�r�c�e�p�t� �o�f� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�.� �T�h�e� 

�n�u�l�l� �h�y�p�o�t�h�e�s�i�s�,� 

�H�,�:�a�,� �=� �9�,� 

�i�s� �t�e�s�t�e�d� �u�s�i�n�g� �a�n� �F�-�t�e�s�t� �(�K�o�u�t�s�o�y�i�a�n�n�i�s�,� �1�9�7�7�)�.� �S�h�o�u�l�d� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �f�a�i�l� �t�o� �b�e� 

�r�e�j�e�c�t�e�d�,� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �d�o�e�s� �n�o�t� �s�h�i�f�t� �d�u�e� �t�o� �t�h�e� �d�u�m�m�y� �v�a�r�i�a�b�l�e�s�,� �i�n�d�i�c�a�t�i�n�g� 

�t�h�a�t� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s� �o�f� �d�i�f�f�e�r�i�n�g� �g�e�n�d�e�r� �a�r�e� �e�q�u�a�l�l�y� �t�e�c�h�n�i�c�a�l�l�y� �e�f�f�i�c�i�e�n�t�.� 

�S�e�c�o�n�d�,� �M�o�n�t�e� �C�a�r�l�o� �s�i�m�u�l�a�t�i�o�n� �i�s� �u�s�e�d� �t�o� �t�e�s�t� �f�o�r� �r�e�s�o�u�r�c�e� �c�o�n�s�t�r�a�i�n�t�s�.� �A� 

�H�a�u�s�m�a�n�n� �t�e�s�t� �o�f� �p�a�r�a�m�e�t�r�i�c� �r�e�s�t�r�i�c�t�i�o�n�s� �i�s� �n�o�t� �u�s�e�d� �b�e�c�a�u�s�e� �i�t� �m�a�y� �y�i�e�l�d� �a�n� �i�n�c�o�n�c�l�u�s�i�v�e� 

�(�n�e�g�a�t�i�v�e�)� �r�e�s�u�l�t� �a�n�d� �b�e�c�a�u�s�e� �i�t� �d�o�e�s� �n�o�t� �a�l�l�o�w� �d�e�t�a�i�l�e�d� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �g�e�n�d�e�r� �d�y�n�a�m�i�c�s� 

�p�o�s�s�i�b�l�y� �i�n�f�l�u�e�n�c�i�n�g� �A�;�(�K�e�n�n�e�d�y�,� �1�9�8�5�)�.� �H�a�v�i�n�g� �o�b�t�a�i�n�e�d� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s� �a�n�d� �a� 
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�v�a�r�i�a�n�c�e�-�c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �g�e�n�e�r�a�t�e�s� �1�0�0� �p�a�r�a�m�e�t�e�r� �v�e�c�t�o�r�s� �f�r�o�m� �t�h�e� 

�m�o�d�e�l ��s� �m�u�l�t�i�v�a�r�i�a�t�e�,� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�.� �F�o�r� �e�a�c�h� �p�a�r�a�m�e�t�e�r� �v�e�c�t�o�r�,� �a�c�t�u�a�l� �f�a�c�t�o�r�-�i�n�p�u�t� 

�u�s�a�g�e� �o�b�s�e�r�v�a�t�i�o�n�s� �a�r�e� �s�u�b�s�t�i�t�u�t�e�d� �i�n�t�o� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �e�q�u�a�t�i�o�n�s�,� 

�W�,� �y� �N�N� �2� �n�N� �!� �6�  ��A�w� �2� �A�n� 

 ��2�t� �i� �t�i� 
�= ��(�Q�,�+�3� �»� �S�n� �B�y� �+�7� �»� �V�i�n� �M�a�y� �+� �»� �T�,�,� �I�n�v�,� 

�(�6�)� �P�y� �Y�a� �b�=� �d�=�l� �1�=�1� 

�+�i�,� �I�n�z�,� �+�1�9�,� �I�n�e�,� �)�+�a�,�,� 

�t�o� �o�b�t�a�i�n� �a� �n�u�m�e�r�i�c� �d�i�s�t�r�i�b�u�t�i�o�n� �f�o�r� �t�h�e� �m�o�d�e�l ��s� �p�r�e�d�i�c�t�e�d� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o�.�'�*� �T�h�e� 

�a�c�t�u�a�l� �r�a�t�i�o�s� �o�f� �i�n�p�u�t� �t�o� �o�u�t�p�u�t� �p�r�i�c�e�s� �t�h�e�n� �a�r�e� �t�e�s�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e�y� �l�i�e� �w�i�t�h�i�n� �a� �9�5� 

�p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �o�f� �t�h�e� �m�e�a�n� �o�f� �t�h�e� �p�r�e�d�i�c�t�e�d� �d�i�s�t�r�i�b�u�t�i�o�n�s�.� �I�n�p�u�t�s� �w�i�t�h� 

�n�o�r�m�a�l�i�z�e�d� �p�r�i�c�e�s� �t�h�a�t� �l�i�e� �w�i�t�h�i�n� �t�h�i�s� �i�n�t�e�r�v�a�l� �h�a�v�e� �s�h�a�d�o�w� �p�r�i�c�e�s� �e�q�u�a�l� �t�o� �0�;� �t�h�e�r�e�f�o�r�e�,� 

�t�h�e�y� �a�r�e� �u�n�c�o�n�s�t�r�a�i�n�e�d� �a�n�d� �e�f�f�i�c�i�e�n�t�l�y� �a�l�l�o�c�a�t�e�d�.� �T�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �t�h�e� �i�m�p�e�d�i�m�e�n�t� 

�t�o� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �i�n�p�u�t� �u�s�e� �1�s� �g�e�n�d�e�r�-�s�p�e�c�i�f�i�c�,� �t�h�e� �p�r�o�c�e�s�s� �o�f� �s�i�m�u�l�a�t�i�o�n� �a�n�d� �t�e�s�t�i�n�g� 

�t�h�e� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o�s� �i�s� �c�a�r�r�i�e�d� �o�u�t� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �e�a�c�h� �h�e�a�d�s�h�i�p� �c�a�t�e�g�o�r�y�.� 

�T�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �a� �r�e�s�o�u�r�c�e� �c�o�n�s�t�r�a�i�n�t� �o�r� �a�l�l�o�c�a�t�i�v�e� �e�f�f�i�c�i�e�n�c�y� �i�s� �p�r�e�v�e�n�t�i�n�g� 

�p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �i�n�p�u�t� �u�s�e�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�c�e�s�s� �i�s� �r�e�p�e�a�t�e�d� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �e�a�c�h� 

�h�e�a�d�s�h�i�p� �c�a�t�e�g�o�r�y�,� �w�i�t�h� �o�b�s�e�r�v�a�t�i�o�n�s� �s�o�r�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �w�h�e�t�h�e�r� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d� �h�a�s� 

�r�e�c�e�i�v�e�d� �a�n�y� �e�d�u�c�a�t�i�o�n� �o�r� �e�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g�.� �E�x�t�e�n�s�i�o�n� �a�n�d� �e�d�u�c�a�t�i�o�n� �a�r�e� �t�h�e� �t�w�o� 

�m�a�n�a�g�e�m�e�n�t� �v�a�r�i�a�b�l�e�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �e�s�t�i�m�a�t�e�d� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �t�h�a�t� �c�o�u�l�d� �i�n�c�r�e�a�s�e� �a� 

�f�a�r�m�e�r�'�s� �a�b�i�l�i�t�y� �t�o� �a�s�c�e�r�t�a�i�n� �i�n�p�u�t� �a�n�d� �o�u�t�p�u�t� �p�r�i�c�e�s� �a�n�d� �a�l�l�o�c�a�t�e� �i�n�p�u�t�s� �a�t� �o�p�t�i�m�a�l� �l�e�v�e�l�s�.� 

�T�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �w�o�u�l�d� �c�a�u�s�e� �s�h�a�d�o�w� �p�r�i�c�e�s� �t�o� �a�p�p�r�o�a�c�h� �z�e�r�o� �f�o�r� 

� � 

�'�-� �@�4� �r�e�p�r�e�s�e�n�t�s� �e�r�r�o�r� �i�n� �t�h�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t�.� 

�5�2



�h�o�u�s�e�h�o�l�d�s� �h�a�v�i�n�g� �e�d�u�c�a�t�i�o�n� �o�r� �e�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g�.� �I�f� �t�h�e�r�e� �i�s� �n�o� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� 

�p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �i�n�p�u�t� �u�s�e� �a�n�d� �t�h�e�s�e� �m�a�n�a�g�e�m�e�n�t� �v�a�r�i�a�b�l�e�s�,� �r�e�s�o�u�r�c�e�s� �w�i�t�h� �n�o�n�z�e�r�o� 

�s�h�a�d�o�w� �p�r�i�c�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �q�u�a�s�i�-�f�i�x�e�d�.� �W�h�e�r�e� �t�h�e� �s�h�a�d�o�w� �p�r�i�c�e� �o�f� �a� �q�u�a�s�i�-�f�i�x�e�d� 

�r�e�s�o�u�r�c�e� �v�a�r�i�e�s� �b�y� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r�,� �a� �g�e�n�d�e�r�-�s�p�e�c�i�f�i�c� �r�e�s�o�u�r�c�e� �c�o�n�s�t�r�a�i�n�t� �i�s� �a�t� �w�o�r�k�.� 

�3�.�8� �S�u�m�m�a�r�y� �o�f� �M�e�t�h�o�d�s� 

�D�e�s�p�i�t�e� �e�x�t�e�n�s�i�v�e� �l�i�t�e�r�a�t�u�r�e� �e�x�p�l�a�i�n�i�n�g� �w�h�y� �g�e�n�d�e�r�-�s�p�e�c�i�f�i�c� �c�o�n�s�t�r�a�i�n�t�s� 

�m�a�y� �a�f�f�e�c�t� �p�r�o�d�u�c�t�i�o�n� �i�n� �M�a�l�a�w�i ��s� �r�u�r�a�l� �e�c�o�n�o�m�y�,� �t�h�e�r�e� �h�a�v�e� �b�e�e�n� �n�o� �s�t�u�d�i�e�s� �b�a�s�e�d� �o�n� 

�t�h�e� �e�c�o�n�o�m�i�c� �t�h�e�o�r�y� �o�f� �p�r�o�d�u�c�t�i�o�n� �t�h�a�t� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �o�r� �n�o�t� �s�u�c�h� �c�o�n�s�t�r�a�i�n�t�s� �i�n� �f�a�c�t� 

�e�x�i�s�t�.� �T�h�i�s� �s�t�u�d�y� �u�s�e�s� �t�h�e� �f�i�r�s�t� �o�r�d�e�r� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�a�t�i�o�n� �t�o� �t�e�s�t� �f�o�r� �g�e�n�d�e�r�-� 

�s�p�e�c�i�f�i�c� �c�o�n�s�t�r�a�i�n�t�s�.� �T�o� �t�h�i�s� �e�n�d�.� �l�o�c�a�l� �a�n�d� �h�y�b�r�i�d� �m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s� �a�r�e� 

�e�s�t�i�m�a�t�e�d� �a�n�d� �a� �s�i�m�u�l�a�t�i�o�n� �i�s� �r�u�n� �o�n� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �e�q�u�a�t�i�o�n�s� �f�o�r� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n�,� 

�d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �f�o�r� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r�.� �T�h�i�s� �s�i�m�u�l�a�t�i�o�n� �g�e�n�e�r�a�t�e�s� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �f�o�r� �t�h�e� 

�m�o�d�e�l ��s� �p�r�e�d�i�c�t�i�o�n� �o�f� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t�,� �w�h�i�c�h� �s�h�o�u�l�d� �e�q�u�a�l� �t�h�e� �a�c�t�u�a�l� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� 

�r�a�t�i�o� �f�o�r� �v�a�r�i�a�b�l�e� �i�n�p�u�t�s� �u�s�e�d� �b�y� �a� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �f�a�r�m�e�r�.� �W�h�e�r�e� �t�h�e� �a�c�t�u�a�l� �p�r�i�c�e� �r�a�t�i�o� 

�d�o�e�s� �n�o�t� �f�a�l�l� �w�i�t�h�i�n� �a� �g�i�v�e�n� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n�,� �a� �n�o�n�z�e�r�o� �s�h�a�d�o�w� 

�p�r�i�c�e� �i�s� �e�v�i�d�e�n�t�.� �I�n� �t�h�i�s� �c�a�s�e�,� �a� �s�e�c�o�n�d� �s�i�m�u�l�a�t�i�o�n� �i�s� �p�e�r�f�o�r�m�e�d�,� �d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �f�o�r� �g�e�n�d�e�r�,� 

�e�d�u�c�a�t�i�o�n�,� �a�n�d� �e�x�t�e�n�s�i�o�n� �s�u�p�p�o�r�t�.� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �a� �c�o�n�s�t�r�a�i�n�t� �e�x�i�s�t�s�,� �o�r� �i�f� �a�l�l�o�c�a�t�i�v�e� 

�i�n�e�f�f�i�c�i�e�n�c�y� �i�s� �i�m�p�e�d�i�n�g� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �g�e�n�d�e�r� �g�r�o�u�p�.� �T�h�e� �r�e�l�a�t�i�v�e� 

�t�e�c�h�n�i�c�a�l� �e�f�f�i�c�i�e�n�c�y� �o�f� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �g�r�o�u�p�s� �i�s� �a�l�s�o� �c�o�m�p�a�r�e�d� �b�y� �e�x�a�m�i�n�i�n�g� �s�h�i�f�t�s� �i�n� 

�t�h�e� �i�n�t�e�r�c�e�p�t�s� �o�f� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s� �c�a�u�s�e�d� �b�y� �g�e�n�d�e�r� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� 
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�c�h�a�p�t�e�r� �f�u�r�t�h�e�r� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �e�s�t�i�m�a�t�i�o�n�,� �s�p�e�c�i�f�i�c�a�t�i�o�n� �t�e�s�t�i�n�g�,� �a�n�d� �s�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� 

�m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s�.� 
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�C�h�a�p�t�e�r� �4� 

�E�s�t�i�m�a�t�i�o�n� �a�n�d� �T�e�s�t�i�n�g� 

�4�.�1� �O�v�e�r�v�i�e�w� 

�A�s� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �3�,� �t�h�i�s� �s�t�u�d�y� �t�e�s�t�s� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �p�r�o�f�i�t�-� 

�m�a�x�i�m�i�z�a�t�i�o�n� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �f�a�c�e� �u�n�i�q�u�e� �c�o�n�s�t�r�a�i�n�t�s� �t�o� 

�i�n�c�r�e�a�s�e�d� �m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n�.� �I�t� �a�l�s�o� �c�o�m�p�a�r�e�s� �t�h�e� �t�e�c�h�n�i�c�a�l� �a�n�d� �a�l�l�o�c�a�t�i�v�e� �e�f�f�i�c�i�e�n�c�y� �o�f� 

�m�a�l�e�-� �a�n�d� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �e�s�t�i�m�a�t�i�o�n� 

�a�r�e� �p�r�e�s�e�n�t�e�d� �a�n�d� �a�n�a�l�y�z�e�d�.� �F�i�r�s�t�,� �t�h�e� �p�r�o�c�e�s�s� �o�f� �t�e�s�t�i�n�g� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �i�s� �d�e�s�c�r�i�b�e�d�.� �T�h�e� �p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e� �f�i�n�a�l� �r�e�g�r�e�s�s�i�o�n�s� �a�r�e� �s�h�o�w�n� �a�n�d� 

�i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�e�c�h�n�i�c�a�l� �e�f�f�i�c�i�e�n�c�y� �a�r�e� �d�i�s�c�u�s�s�e�d�.� �T�h�i�r�d�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�e�s�t�s� �f�o�r� �n�o�n�z�e�r�o� 

�s�h�a�d�o�w� �p�r�i�c�e�s� �a�n�d� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �a�r�e� �p�r�e�s�e�n�t�e�d�.� 

�4�.�2� �E�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �P�r�o�d�u�c�t�i�o�n� �F�u�n�c�t�i�o�n�s� 

�B�e�c�a�u�s�e� �h�y�b�r�i�d� �s�e�e�d�s� �a�n�d� �f�e�r�t�i�l�i�z�e�r�s� �a�r�e� �e�a�c�h� �c�o�n�s�i�d�e�r�e�d� �s�e�p�a�r�a�t�e� �t�e�c�h�n�o�l�o�g�i�e�s�,� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �e�s�t�i�m�a�t�e�d� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �h�y�b�r�i�d� �m�a�i�z�e� �g�r�o�w�e�r�s� �w�h�o� 

�u�s�e� �f�e�r�t�i�l�i�z�e�r�,� �h�y�b�r�i�d� �m�a�i�z�e� �g�r�o�w�e�r�s� �w�h�o� �d�o� �n�o�t� �u�s�e� �f�e�r�t�i�l�i�z�e�r�,� �l�o�c�a�l� �m�a�i�z�e� �g�r�o�w�e�r�s� �w�h�o� 

�u�s�e� �f�e�r�t�i�l�i�z�e�r�,� �a�n�d� �l�o�c�a�l� �m�a�i�z�e� �g�r�o�w�e�r�s� �w�h�o� �d�o� �n�o�t� �u�s�e� �f�e�r�t�i�l�i�z�e�r�.�'�*� �O�r�d�i�n�a�r�y� �l�e�a�s�t�-�s�q�u�a�r�e�s� 

�(�O�L�S�)� �i�s� �u�s�e�d� �i�n� �e�s�t�i�m�a�t�i�o�n�.� �T�o� �b�e�g�i�n�,� �t�h�e� �r�e�g�r�e�s�s�o�r�s� �a�r�e� �t�h�e� �s�a�m�e� �f�o�r� �e�a�c�h� �p�r�o�d�u�c�t�i�o�n� 

� � 

�'�*� �T�h�e� �d�e�t�e�r�m�i�n�a�n�t�s� �o�f� �a�d�o�p�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �t�e�c�h�n�o�l�o�g�i�e�s� �a�r�e� �n�o�t� �e�x�a�m�i�n�e�d�.� �I�n�s�t�e�a�d�,� �t�h�e� �s�t�u�d�y� �f�o�c�u�s�e�s� �o�n� �p�r�o�d�u�c�t�i�v�e� 
�e�f�f�i�c�i�e�n�c�y� �a�n�d� �c�o�n�s�t�r�a�i�n�t�s� �c�o�n�d�i�t�i�o�n�e�d� �o�n� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �a� �s�p�e�c�i�f�i�c� �t�e�c�h�n�o�l�o�g�y� �r�e�g�i�m�e�.� 
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�f�u�n�c�t�i�o�n�,� �e�x�c�e�p�t� �f�o�r� �f�e�r�t�i�l�i�z�e�r� �n�i�t�r�o�g�e�n�,� �w�h�i�c�h� �i�s� �o�m�i�t�t�e�d� �i�n� �r�e�g�r�e�s�s�i�o�n�s� �e�s�t�i�m�a�t�i�n�g� 

�p�r�o�d�u�c�t�i�o�n� �f�o�r� �n�o�n�-�f�e�r�t�i�l�i�z�e�r� �u�s�e�r�s�.� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �t�h�a�t� �e�a�c�h� �o�b�s�e�r�v�a�t�i�o�n� �i�n� �t�h�e� 

�r�e�g�r�e�s�s�i�o�n�s� �r�e�p�r�e�s�e�n�t�s� �a� �p�l�o�t�.� �A� �h�o�u�s�e�h�o�l�d� �m�a�y� �c�u�l�t�i�v�a�t�e� �m�o�r�e� �t�h�a�n� �o�n�e� �m�a�i�z�e� �p�l�o�t� �a�n�d� 

�u�s�e� �a� �d�i�f�f�e�r�e�n�t� �t�e�c�h�n�o�l�o�g�y� �o�n� �e�a�c�h� �p�l�o�t�.� �H�e�n�c�e�,� �w�h�e�r�e�a�s� �a� �t�o�t�a�l� �o�f� �1�0�,�2�3�9� �h�o�u�s�e�h�o�l�d�s� �a�r�e� 

�r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �f�o�u�r� �r�e�g�r�e�s�s�i�o�n�s�,� �t�h�e�r�e� �a�r�e� �a� �t�o�t�a�l� �o�f� �5�4�,�0�3�0� �o�b�s�e�r�v�a�t�i�o�n�s�.� �D�a�t�a� �f�o�r� 

�y�i�e�l�d�s� �(�k�g�/�h�a�)�,� �p�l�o�t� �s�i�z�e� �(�h�a�)�,� �f�e�r�t�i�l�i�z�e�r� �n�i�t�r�o�g�e�n� �a�p�p�l�i�e�d� �(�k�g�/�h�a�)�,� �m�a�n�u�r�e� �a�p�p�l�i�c�a�t�i�o�n�,� �o�x� 

�l�a�b�o�r� �u�s�a�g�e�.� �c�r�e�d�i�t� �u�s�a�g�e�,� �a�n�d� �w�e�e�d�i�n�g� �a�r�e� �a�l�l� �r�e�c�o�r�d�e�d� �a�t� �t�h�e� �p�l�o�t� �l�e�v�e�l�.� �(�S�e�e� �v�a�r�i�a�b�l�e� 

�d�e�s�c�r�i�p�t�i�o�n�s� �a�n�d� �s�u�m�m�a�r�y� �s�t�a�t�i�s�t�i�c�s� �i�n� �C�h�a�p�t�e�r� �3�.�)� �T�h�e� �e�d�u�c�a�t�i�o�n�,� �e�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g�,� �a�n�d� 

�g�e�n�d�e�r� �o�f� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�,� �a�s� �w�e�l�]� �a�s� �t�h�e� �a�m�o�u�n�t� �o�f� �l�a�b�o�r� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�a�s� �p�e�r� 

�h�e�c�t�a�r�e� �o�f� �t�o�t�a�l� �c�u�l�t�i�v�a�t�e�d� �l�a�n�d�,� �a�r�e� �h�o�u�s�e�h�o�l�d�-�l�e�v�e�l� �v�a�r�i�a�b�l�e�s�.� �T�h�e�s�e� �v�a�r�i�a�b�l�e�s� �a�r�e� 

�r�e�p�e�a�t�e�d� �f�o�r� �e�a�c�h� �o�b�s�e�r�v�a�t�i�o�n� �i�n� �h�o�u�s�e�h�o�l�d�s� �c�u�l�t�i�v�a�t�i�n�g� �m�u�l�t�i�p�l�e� �m�a�i�z�e� �p�l�o�t�s�.� 

�4�.�3� �S�p�e�c�i�f�i�c�a�t�i�o�n� �T�e�s�t�i�n�g� 

�S�p�e�c�i�f�i�c�a�t�i�o�n� �t�e�s�t�s� �f�o�r� �n�o�r�m�a�l�i�t�y� �o�f� �t�h�e� �r�e�s�i�d�u�a�l�s�,� �h�o�m�o�s�k�e�d�a�s�t�i�c�i�t�y�,� �a�n�d� �l�i�n�e�a�r�i�t�y� 

�i�n� �t�h�e� �c�o�n�d�i�t�i�o�n�a�l� �m�e�a�n� �a�r�e� �p�e�r�f�o�r�m�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �r�e�g�r�e�s�s�i�o�n�s�.� �S�k�e�w�n�e�s�s�,� 

�k�u�r�t�o�s�i�s�,� �a�n�d� �D �� �A�g�o�s�t�i�n�o�-�P�e�a�r�s�o�n� �t�e�s�t�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �v�b�,� �.� �b�>�,� �a�n�d� �K �� �s�t�a�t�i�s�t�i�c�s� 

�d�i�s�c�u�s�s�e�d� �b�y� �D �� �A�g�o�s�t�i�n�o�,� �B�e�l�a�n�g�e�r�,� �a�n�d� �D �� �A�g�o�s�t�i�n�o� �(�1�9�9�0�)�.� �A�l�l� �t�h�r�e�e� �s�t�a�t�i�s�t�i�c�s� �r�e�j�e�c�t� �t�h�e� 

�h�y�p�o�t�h�e�s�i�s� �o�f� �n�o�r�m�a�l�i�t�y� �f�o�r� �t�h�e� �r�e�s�i�d�u�a�l�s� �i�n� �a�l�l� �f�o�u�r� �r�e�g�r�e�s�s�i�o�n�s� �(�T�a�b�l�e� �4�.�1�)�.� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e� �C�e�n�t�r�a�l� �L�i�m�i�t� �T�h�e�o�r�e�m� �i�s� �i�n�v�o�k�e�d� �t�o� �a�s�s�e�r�t� �t�h�a�t� �a� �c�o�n�s�i�s�t�e�n�t� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s� 

�c�o�n�v�e�r�g�e� �t�o� �a� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �a�s�y�m�p�t�o�t�i�c�a�l�l�y�,� �s�o� �t�h�a�t� �t�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r� 

�e�s�t�i�m�a�t�e�s� �c�a�n� �b�e� �t�e�s�t�e�d� �u�s�i�n�g� �s�t�a�t�i�s�t�i�c�s� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�.� 
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�A� �R�E�S�E�T� �t�e�s�t� �r�e�g�r�e�s�s�i�n�g� �t�h�e� �r�e�s�i�d�u�a�l�s� �o�n� �t�h�e� �o�r�i�g�i�n�a�l� �r�e�g�r�e�s�s�o�r�s�,� �t�h�e� �s�q�u�a�r�e�d� 
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�p�r�e�d�i�c�t�s� �d�e�c�r�e�a�s�e�d� �y�i�e�l�d�s� �f�o�r� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� �M�a�i�z�e� �y�i�e�l�d�s� �a�r�e� �u�p� �t�o� �1�8� 

�p�e�r�c�e�n�t� �l�o�w�e�r� �u�n�d�e�r� �i�n� �h�o�u�s�e�h�o�l�d�s� �u�n�d�e�r� �d�e� �j�u�r�e� �f�e�m�a�l�e� �h�e�a�d�s�h�i�p� �t�h�a�n� �i�n� �h�o�u�s�e�h�o�l�d�s� 

�u�n�d�e�r� �m�a�l�e� �h�e�a�d�s�h�i�p�,� �w�i�t�h� �s�i�g�n�i�f�i�c�a�n�t� �s�e�c�o�n�d�-�o�r�d�e�r� �c�o�e�f�f�i�c�i�e�n�t�s� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�r�e�e� �o�f� �t�h�e� 

�f�o�u�r� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s�.� �I�n� �t�h�e� �f�u�n�c�t�i�o�n� �f�o�r� �h�y�b�r�i�d� �v�a�r�i�e�t�i�e�s� �g�r�o�w�n� �w�i�t�h�o�u�t� �f�e�r�t�i�l�i�z�e�r�,� 

�s�e�c�o�n�d�-�o�r�d�e�r� �v�a�r�i�a�b�l�e�s� �d�e�n�o�t�i�n�g� �d�e� �j�u�r�e� �f�e�m�a�l�e� �h�e�a�d�s�h�i�p� �a�r�e� �r�e�d�u�c�e�d� �f�r�o�m� �t�h�e� �r�e�g�r�e�s�s�i�o�n�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �v�a�r�i�a�b�l�e� �i�s� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� �a�n�d� �m�a�n�i�f�e�s�t�s� �a� �1�4� �p�e�r�c�e�n�t� �d�r�o�p� �i�n� 

�k�i�l�o�g�r�a�m�s� �o�f� �m�a�i�z�e� �a�c�h�i�e�v�e�d� �p�e�r� �h�e�c�t�a�r�e� �c�o�m�p�a�r�e�d� �t�o� �h�o�u�s�e�h�o�l�d�s� �u�n�d�e�r� �m�a�l�e� �h�e�a�d�s�h�i�p�.� 

�E�s�t�i�m�a�t�e�d� �c�o�e�f�f�i�c�i�e�n�t�s� �f�o�r� �v�a�r�i�a�b�l�e�s� �i�n�d�i�c�a�t�i�n�g� �d�e� �f�a�c�t�o� �h�e�a�d�s�h�i�p� �a�r�e� �n�o�t� �f�o�u�n�d� �t�o� �b�e� 

�s�i�g�n�i�f�i�c�a�n�t�,� �b�u�t� �c�a�u�s�e� �p�r�e�d�i�c�t�e�d� �y�i�e�l�d�s� �t�o� �b�e� �b�e�t�w�e�e�n� �7� �a�n�d� �9� �p�e�r�c�e�n�t� �h�i�g�h�e�r� �t�h�a�n� �t�h�o�s�e� �i�n� 

�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �f�o�r� �e�a�c�h� �f�u�n�c�t�i�o�n�.� 

�P�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �f�i�r�s�t�-� �a�n�d� �s�e�c�o�n�d�-�o�r�d�e�r� �p�a�r�a�m�e�t�e�r�s� �o�f� �e�d�u�c�a�t�i�o�n� �(�M�1�)� 

�v�a�r�i�a�b�l�e�s� �a�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �r�e�g�r�e�s�s�i�o�n�s� �o�f� �m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n� �w�i�t�h� �f�e�r�t�i�l�i�z�e�r�.� �P�r�e�d�i�c�t�e�d� 

�y�i�e�l�d�s� �f�o�r� �f�e�r�t�i�l�i�z�e�r� �u�s�e�r�s� �r�i�s�e� �o�n�l�y� �2� �p�e�r�c�e�n�t� �w�h�e�n� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d� �h�a�s� �r�e�c�e�i�v�e�d� 

�a�t�t�e�n�d�e�d� �s�c�h�o�o�l�.� �H�o�w�e�v�e�r�,� �f�o�r� �u�n�f�e�r�t�i�l�i�z�e�d� �m�a�i�z�e�,� �e�d�u�c�a�t�i�o�n� �h�a�s� �a� �l�a�r�g�e�r� �i�m�p�a�c�t�.� �S�e�c�o�n�d�-� 

�o�r�d�e�r� �e�d�u�c�a�t�i�o�n� �v�a�r�i�a�b�l�e�s� �h�a�v�e� �b�e�e�n� �r�e�d�u�c�e�d� �f�r�o�m� �t�h�e� �e�q�u�a�t�i�o�n� �f�o�r� �u�n�f�e�r�t�i�l�i�z�e�d� �h�y�b�r�i�d� 
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�m�a�i�z�e�,� �b�u�t� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e� �i�s� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� �a�n�d� �c�a�u�s�e�s� �a� �1�7� �p�e�r�c�e�n�t� 

�i�n�c�r�e�a�s�e� �i�n� �p�r�e�d�i�c�t�e�d� �y�i�e�l�d�s�.� �M�u�l�t�i�p�l�e� �s�e�c�o�n�d�-�o�r�d�e�r� �c�o�e�f�f�i�c�i�e�n�t�s� �f�o�r� �e�d�u�c�a�t�i�o�n� �v�a�r�i�a�b�l�e�s� 

�a�r�e� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� �l�o�c�a�l� �m�a�i�z�e� �g�r�o�w�n� �w�i�t�h�o�u�t� �f�e�r�t�i�l�i�z�e�r�.� �H�e�r�e�,� �e�d�u�c�a�t�i�o�n� �b�o�o�s�t�s� �p�r�e�d�i�c�t�e�d� 

�y�i�e�l�d�s� �b�y� �1�1� �p�e�r�c�e�n�t�.� 

�T�h�e� �v�a�r�i�a�b�l�e� �i�n�d�i�c�a�t�i�n�g� �m�a�n�u�r�e� �a�p�p�l�i�c�a�t�i�o�n� �(�M�2�)� �h�a�s� �f�o�u�r� �o�r� �m�o�r�e� �h�i�g�h�l�y� 

�s�i�g�n�i�f�i�c�a�n�t� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s� �i�n� �e�a�c�h� �r�e�g�r�e�s�s�i�o�n�.� �I�t� �i�s� �a�l�s�o� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �d�e�c�r�e�a�s�e�s� �i�n� 

�p�r�e�d�i�c�t�e�d� �y�i�e�l�d�s� �r�a�n�g�i�n�g� �f�r�o�m� �4� �t�o� �1�4� �p�e�r�c�e�n�t� �f�o�r� �a�l�l� �t�e�c�h�n�o�l�o�g�y� �r�e�g�i�m�e�s�.� �T�h�e� �s�a�m�e� �i�s� 

�t�r�u�e� �o�f� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e� �v�a�r�i�a�b�l�e� �i�n�d�i�c�a�t�i�n�g� �w�e�e�d�i�n�g� �(�M�4�)�,� �w�h�i�c�h� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �u�p� 

�t�o� �2�0� �p�e�r�c�e�n�t� �d�r�o�p�s� �i�n� �p�r�e�d�i�c�t�e�d� �y�i�e�l�d�s�.� �D�e�c�r�e�a�s�e�s� �i�n� �y�i�e�l�d�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�c�t�i�v�i�t�i�e�s� �t�h�a�t� 

�m�a�k�e� �m�o�r�e� �n�u�t�r�i�e�n�t�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �c�u�l�t�i�v�a�t�e�d� �c�r�o�p�s� �s�u�g�g�e�s�t� �t�h�a�t� �w�e�e�d�i�n�g� �a�n�d� �m�a�n�u�r�e� 

�a�p�p�l�i�c�a�t�i�o�n�s� �c�o�u�l�d� �b�e� �s�t�r�a�t�e�g�i�e�s� �u�s�e�d� �m�o�s�t� �o�f�t�e�n� �b�y� �f�a�r�m�e�r�s� �w�i�t�h� �p�o�o�r� �s�o�i�l�.� �E�n�g�a�g�i�n�g� �i�n� 

�t�h�e�s�e� �a�c�t�i�v�i�t�i�e�s� �m�a�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �f�a�r�m�e�r�s� �a�r�e� �s�t�r�u�g�g�l�i�n�g� �t�o� �c�o�m�b�a�t� �l�o�w� �f�e�r�t�i�l�i�t�y� �o�n� 

�s�e�v�e�r�e�l�y� �d�e�p�l�e�t�e�d� �o�r� �m�a�r�g�i�n�a�l� �l�a�n�d�.� 

�E�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g� �(�M�3�)� �a�n�d� �c�r�e�d�i�t� �(�M�5�)� �g�e�n�e�r�a�t�e� �l�a�r�g�e� �i�n�c�r�e�a�s�e�s� �i�n� �p�r�e�d�i�c�t�e�d� 

�y�i�e�l�d�s� �f�o�r� �m�a�i�z�e� �o�f� �b�o�t�h� �v�a�r�i�e�t�i�e�s�.� �T�h�e� �m�o�s�t� �d�r�a�m�a�t�i�c� �i�m�p�r�o�v�e�m�e�n�t�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� 

�e�x�t�e�n�s�i�o�n� �a�n�d� �c�r�e�d�i�t� �o�c�c�u�r� �f�o�r� �h�y�b�r�i�d� �m�a�i�z�e� �g�r�o�w�n� �w�i�t�h�o�u�t� �f�e�r�t�i�l�i�z�e�r�.� �Y�i�e�l�d�s� �o�n� �t�h�e�s�e� 

�p�l�o�t�s� �i�n�c�r�e�a�s�e� �a�n� �e�s�t�i�m�a�t�e�d� �2�7� �p�e�r�c�e�n�t� �w�h�e�n� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d� �h�a�s� �h�a�d� �a�n�y� �e�x�t�e�n�s�i�o�n� 

�c�o�n�t�a�c�t� �a�n�d� �5�1� �p�e�r�c�e�n�t� �w�h�e�n� �c�r�e�d�i�t� �i�s� �u�s�e�d� �t�o� �p�u�r�c�h�a�s�e� �s�e�e�d�s�,� �f�e�r�t�i�l�i�z�e�r�s�,� �o�r� �p�e�s�t�i�c�i�d�e�s�.� 

�F�o�r� �a�l�l� �f�o�u�r� �t�e�c�h�n�i�q�u�e�s�,� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s� �w�i�t�h� �v�e�r�y� 

�l�o�w� �p�-�v�a�l�u�e�s� �s�u�g�g�e�s�t� �t�h�a�t� �c�r�e�d�i�t� �a�n�d� �e�x�t�e�n�s�i�o�n� �a�r�e�,� �i�n� �f�a�c�t�,� �e�f�f�e�c�t�i�v�e� �v�e�h�i�c�l�e�s� �t�o� �i�n�c�r�e�a�s�e� 

�a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�v�i�t�y�.� 
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�V�a�r�i�a�b�l�e�s� �d�e�n�o�t�i�n�g� �h�o�u�s�e�h�o�l�d�s� �l�o�c�a�t�e�d� �i�n� �t�h�e� �N�o�r�t�h� �(�R�1�)� �a�n�d� �C�e�n�t�r�a�l� �(�R�2�)� �r�e�g�i�o�n�s� 

�s�h�o�w� �t�h�a�t� �h�o�u�s�e�h�o�l�d�s� �i�n� �t�h�e� �S�o�u�t�h� �g�e�n�e�r�a�l�l�y� �h�a�v�e� �l�o�w�e�r� �m�a�i�z�e� �y�i�e�l�d�s�.� �B�o�t�h� �v�a�r�i�a�b�l�e�s� 

�h�a�v�e� �m�u�l�t�i�p�l�e� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s� �i�n� �e�a�c�h� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�.� �T�h�e� 

�r�e�g�i�o�n�a�l� �d�i�s�p�a�r�i�t�y� �i�s� �e�x�p�e�c�t�e�d�,� �a�s� �l�a�n�d� �i�n� �t�h�e� �S�o�u�t�h� �i�s� �m�o�r�e� �d�e�n�s�e�l�y� �p�o�p�u�l�a�t�e�d� �a�n�d� 

�i�n�t�e�n�s�i�v�e�l�y� �c�u�l�t�i�v�a�t�e�d� �t�h�a�n� �t�h�e� �n�o�r�t�h�e�r�n� �a�n�d� �c�e�n�t�r�a�l� �a�r�e�a�s� �o�f� �M�a�l�a�w�i�.� 

�O�u�t�p�u�t� �e�l�a�s�t�i�c�i�t�i�e�s� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �e�x�p�e�c�t�e�d� �r�e�s�u�l�t� �t�h�a�t� �f�e�r�t�i�l�i�z�e�r�,� �l�a�b�o�r�,� �a�n�d� �l�a�n�d� �i�s� 

�m�o�r�e� �p�r�o�d�u�c�t�i�v�e� �i�n� �p�l�o�t�s� �w�i�t�h� �h�y�b�r�i�d� �m�a�i�z�e� �t�h�a�n� �w�i�t�h� �l�o�c�a�l� �v�a�r�i�e�t�i�e�s�.� �L�a�n�d� �i�s� �s�l�i�g�h�t�l�y� 

�m�o�r�e� �p�r�o�d�u�c�t�i�v�e� �i�n� �w�h�e�r�e� �h�y�b�r�i�d� �p�l�o�t�s� �a�r�e� �g�r�o�w�n�.� �A� �1� �p�e�r�c�e�n�t� �i�n�c�r�e�a�s�e� �i�n� �p�l�o�t� �s�i�z�e� 

�p�r�o�d�u�c�e�s� �a�n� �0�.�1�1� �p�e�r�c�e�n�t� �i�n�c�r�e�a�s�e� �i�n� �y�i�e�l�d�s� �w�h�e�r�e� �f�e�r�t�i�l�i�z�e�r� �i�s� �u�s�e�d� �a�n�d� �a� �0�.�2�1� �p�e�r�c�e�n�t� 

�i�n�c�r�e�a�s�e� �w�h�e�n� �n�o� �f�e�r�t�i�l�i�z�e�r� �i�s� �u�s�e�d� �o�n� �h�y�b�r�i�d� �c�r�o�p�s�.� �F�e�r�t�i�l�i�z�e�r� �n�i�t�r�o�g�e�n� �a�l�s�o� �h�a�s� �a� �2�5� 

�p�e�r�c�e�n�t� �l�a�r�g�e�r� �e�l�a�s�t�i�c�i�t�y� �f�o�r� �h�y�b�r�i�d� �m�a�i�z�e� �t�h�a�n� �f�o�r� �l�o�c�a�l� �v�a�r�i�e�t�i�e�s�.� �T�h�e� �e�l�a�s�t�i�c�i�t�y� �o�f� �l�a�b�o�r� �i�s� 

�n�e�g�a�t�i�v�e� �f�o�r� �a�l�l� �t�e�c�h�n�o�l�o�g�y� �c�o�m�b�i�n�a�t�i�o�n�s�,� �b�u�t� �i�s� �l�o�w�e�s�t� �f�o�r� �l�o�c�a�l� �m�a�i�z�e� �g�r�o�w�n� �w�i�t�h� 

�f�e�r�t�i�l�i�z�e�r� �(�-�0�.�0�5�)�.� 

�4�.�5� �D�e�t�e�r�m�i�n�i�n�g� �t�h�e� �N�a�t�u�r�e� �o�f� �t�h�e� �P�r�o�d�u�c�t�i�o�n� �F�u�n�c�t�i�o�n�s� 

�4�.�5�.�1� �T�e�s�t�i�n�g� �S�e�c�o�n�d�-�O�r�d�e�r� �C�o�n�d�i�t�i�o�n�s� 

�B�e�f�o�r�e� �t�e�s�t�i�n�g� �f�o�r� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s� �a�r�e� �c�o�n�c�a�v�e�,� �s�a�t�i�s�f�y�i�n�g� �t�h�e� �s�e�c�o�n�d�-�o�r�d�e�r� �c�o�n�d�i�t�i�o�n� �f�o�r� �p�r�o�f�i�t� 

�m�a�x�i�m�i�z�a�t�i�o�n�.� �F�o�r� �t�h�i�s� �t�o� �o�c�c�u�r�.� �t�h�e� �H�e�s�s�i�a�n� �m�a�t�r�i�x�' �� �f�o�r� �e�a�c�h� �f�u�n�c�t�i�o�n� �m�u�s�t� �b�e� �n�e�g�a�t�i�v�e� 

�s�e�m�i�-�d�e�f�i�n�i�t�e�.� �T�h�e� �d�e�t�e�r�m�i�n�a�n�t�s� �o�f� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �p�r�i�n�c�i�p�a�l� �H�e�s�s�i�a�n� �m�i�n�o�r�s� �f�o�r� �t�h�e� 

� � 

�' �� �T�h�e� �H�e�s�s�i�a�n� �m�a�t�r�i�x� �i�s� �d�e�f�i�n�e�d� �i�n� �A�p�p�e�n�d�i�x� �4�.� 
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�T�a�b�l�e� �4�.�7� 

�T�e�s�t� �o�f� �S�e�c�o�n�d�-�O�r�d�e�r� �C�o�n�d�i�t�i�o�n�s� �f�o�r� �P�r�o�f�i�t�-�M�a�x�i�m�i�z�a�t�i�o�n� 

� � 

� � 

� � 

� � 

� � � � 

�M�a�i�z�e� �_�_�|�N�i�t�r�o�g�e�n� �D�e�t�e�r�m�i�n�a�n�t� �o�f� �H�y�"� �|� �D�e�t�e�r�m�i�n�a�n�t� �o�f� �H�z� �[�I�n�d�i�c�a�t�i�o�n� 

�V�a�r�i�e�t�y� �|�A�p�p�l�i�c�a�t�i�o�n� 

�F�e�r�t�i�l�i�z�e�r� �0�.�3�5�8�2� �-�0�.�0�0�0�6� �C�o�n�c�a�v�i�t�y� 

�H�y�b�r�i�d� 

�M�a�i�z�e� 

�N�o� �F�e�r�t�i�l�i�z�e�r� �0�.�0�0�0�2� �C�o�n�v�e�x�i�t�y� 

�F�e�r�t�i�l�i�z�e�r� �0�.�0�7�2�6� �-�0�.�0�0�0�0�1� �C�o�n�c�a�v�i�t�y� 

�L�o�c�a�l� 

�M�a�i�z�e� 

�N�o� �F�e�r�t�i�l�i�z�e�r� �-�0�.�0�0�0�1� �C�o�n�c�a�v�i�t�y� � � � � � � � � � � 

�*�H�]� �a�n�d� �H�2� �d�e�n�o�t�e� �t�h�e� �f�i�r�s�t�-�a�n�d� �s�e�c�o�n�d� �p�r�i�n�c�i�p�a�l� �m�i�n�o�r�s� �o�f� �t�h�e� �H�e�s�s�i�a�n� �m�a�t�r�i�x� 
�e�v�a�l�u�a�t�e�d� �a�t� �t�h�e� �m�e�a�n�.� 
�F�o�r� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �e�x�c�l�u�d�e� �f�e�r�t�i�l�i�z�e�r� �u�s�e�.� �t�h�e�r�e� �i�s� �o�n�l�y� �o�n�e� �v�a�r�i�a�b�l�e� �i�n�p�u�t� �a�n�d� �o�n�l�y� 
�o�n�e� �d�e�t�e�r�m�i�n�a�n�t� �t�o� �c�o�n�s�i�d�e�r�.� 
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�p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s� �o�f� �f�e�r�t�i�l�i�z�e�r� �u�s�e�r�s� �a�r�e� �o�f� �a�l�t�e�r�n�a�t�i�n�g� �s�i�g�n� �(�T�a�b�l�e� �4�.�7�)�,� �s�a�t�i�s�f�y�i�n�g� �t�h�e� 

�s�e�c�o�n�d�-�o�r�d�e�r� �c�o�n�d�i�t�i�o�n� �f�o�r� �a� �l�o�c�a�l� �m�a�x�i�m�u�m�.� �T�h�e� �f�u�n�c�t�i�o�n� �f�o�r� �l�o�c�a�l� �m�a�i�z�e� �w�i�t�h�o�u�t� 

�f�e�r�t�i�l�i�z�e�r� �i�s� �a�l�s�o� �c�o�n�c�a�v�e�,� �a�s� �t�h�e� �d�e�t�e�r�m�i�n�a�n�t� �o�f� �t�h�e� �H�e�s�s�i�a�n� �m�a�t�r�i�x� �f�o�r� �i�t� �i�s� �n�e�g�a�t�i�v�e�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �f�u�n�c�t�i�o�n� �f�o�r� �h�y�b�r�i�d� �m�a�i�z�e� �w�i�t�h�o�u�t� �f�e�r�t�i�l�i�z�e�r� �i�s� �n�o�t� �c�o�n�c�a�v�e� �a�n�d� �t�h�u�s� �c�a�n� �n�o�t� 

�b�e� �i�n�t�e�r�p�r�e�t�e�d� �a�s� �a� �w�e�l�l�-�b�e�h�a�v�e�d� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �t�o� �d�e�t�e�r�m�i�n�e� �a� �p�o�i�n�t� �o�f� �p�r�o�f�i�t�-� 

�m�a�x�i�m�i�z�a�t�i�o�n�.� 

�4�.�5�.�2� �D�e�t�e�r�m�i�n�i�n�g� �t�h�e� �S�t�a�g�e� �o�f� �P�r�o�d�u�c�t�i�o�n� 

�F�o�r� �t�h�e� �w�e�l�l�-�b�e�h�a�v�e�d� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� 

�t�h�e� �p�r�e�d�i�c�t�e�d� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t�s� �a�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �l�e�s�s� �t�h�a�n� �a�v�e�r�a�g�e� �p�r�o�d�u�c�t�.� �I�n� �t�h�e� 

�e�v�e�n�t� �t�h�a�t� �f�a�r�m�e�r�s� �a�r�e� �n�o�t� �u�s�i�n�g� �a�n� �i�n�p�u�t� �a�t� �t�h�e� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �l�e�v�e�l�,� �a� �m�a�r�g�i�n�a�l� 

�p�r�o�d�u�c�t� �t�h�a�t� �e�x�c�e�e�d�s� �t�h�e� �i�n�p�u�t ��s� �a�v�e�r�a�g�e� �p�r�o�d�u�c�t� �r�e�v�e�a�l�s� �t�h�a�t� �p�r�o�d�u�c�e�r�s� �a�r�e� �o�p�e�r�a�t�i�n�g� �i�n� 

�S�t�a�g�e� �1� �o�f� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �u�s�i�n�g� �t�o�o� �l�i�t�t�l�e� �o�f� �t�h�e� �r�e�s�o�u�r�c�e�.� �I�f� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �i�s� �l�e�s�s� �t�h�a�n� 

�a�v�e�r�a�g�e� �p�r�o�d�u�c�t�,� �t�h�e� �p�r�o�d�u�c�e�r�s� �w�h�o� �f�a�i�l� �t�o� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�e� �a�r�e� �o�p�e�r�a�t�i�n�g� �i�n� �S�t�a�g�e� �2� �o�r� 

�S�t�a�g�e� �3� �o�f� �p�r�o�d�u�c�t�i�o�n�,� �w�h�e�r�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �i�s� �d�e�c�r�e�a�s�i�n�g�,� �a�n�d� �a�r�e� �u�s�i�n�g� �t�o�o� �m�u�c�h� �o�f� 

�t�h�e� �r�e�s�o�u�r�c�e�.� 

�A�v�e�r�a�g�e� �p�r�o�d�u�c�t� �e�x�c�e�e�d�s� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �f�o�r� �l�a�b�o�r� �a�n�d� �f�e�r�t�i�l�i�z�e�r� �i�n� �a�l�l� �t�h�r�e�e� 

�p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s� �a�c�r�o�s�s� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �c�a�t�e�g�o�r�i�e�s� �(�T�a�b�l�e� �4�.�8�)�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� 

�f�a�r�m�e�r�s� �a�s� �a� �w�h�o�l�e� �a�r�e� �o�p�e�r�a�t�i�n�g� �i�n� �S�t�a�g�e� �2�.� �T�h�e� �s�t�a�g�e� �o�f� �p�r�o�d�u�c�t�i�o�n� �c�a�n� �n�o�t� �b�e� 

�a�s�c�e�r�t�a�i�n�e�d� �f�o�r� �f�a�r�m�e�r�s� �g�r�o�w�i�n�g� �h�y�b�r�i�d� �m�a�i�z�e� �w�i�t�h�o�u�t� �f�e�r�t�i�l�i�z�e�r� �b�e�c�a�u�s�e� �t�h�i�s� �m�a�i�z�e� 

�p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �i�s� �n�o�t� �w�e�l�l�-�b�e�h�a�v�e�d�.� �T�h�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �l�a�b�o�r� �f�o�r� �t�h�i�s� �f�u�n�c�t�i�o�n� 

�7�3



�i�s� �t�e�s�t�e�d� �t�o� �s�e�e� �i�f� �i�t� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �a�c�t�u�a�l� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o� �i�n� �S�e�c�t�i�o�n� �4�.�6�,� �b�u�t� �c�a�n� 

�n�o�t� �b�e� �i�n�t�e�r�p�r�e�t�e�d� �f�u�r�t�h�e�r�.� 

�4�.�6� �T�e�s�t�i�n�g� �f�o�r� �N�o�n�z�e�r�o� �S�h�a�d�o�w� �P�r�i�c�e�s� 

�A� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �p�r�o�d�u�c�e�r� �u�s�e�s� �a�n� �u�n�c�o�n�s�t�r�a�i�n�e�d� �f�a�c�t�o�r� �i�n�p�u�t� �a�t� �t�h�e� �l�e�v�e�l� 

�w�h�e�r�e� �i�t�s� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �e�q�u�a�l�s� �t�h�e� �r�a�t�i�o� �o�f� �t�h�e� �c�o�s�t� �o�f� �a�n� �a�d�d�i�t�i�o�n�a�l� �u�n�i�t� �o�f� �t�h�e� �i�n�p�u�t� �t�o� 

�t�h�e� �o�u�t�p�u�t� �p�r�i�c�e� �(�s�e�e� �E�q�u�a�t�i�o�n� �3�.�2�)�.� �A� �n�o�n�z�e�r�o� �s�h�a�d�o�w� �p�r�i�c�e� �i�n�d�i�c�a�t�e�s� �a� �w�e�d�g�e� �b�e�t�w�e�e�n� 

�t�h�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �t�h�e� �i�n�p�u�t� �a�n�d� �t�h�e� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o� �(�s�e�e� �E�q�u�a�t�i�o�n� �3�.�3�)�.� �T�o� 

�d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� �a�c�t�u�a�l� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�r�e�d�i�c�t�e�d� �i�n�p�u�t�-�o�u�t�p�u�t� 

�p�r�i�c�e� �r�a�t�i�o� �f�o�r� �e�a�c�h� �m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n� �r�e�g�r�e�s�s�i�o�n�,� �a� �s�i�m�u�l�a�t�i�o�n� �i�s� �p�e�r�f�o�r�m�e�d� �o�n� �E�q�u�a�t�i�o�n� 

�3�.�6�,� 

� � �"�a�c�t� �S�k�e� �«�t�S� �B�I� �~� �(�a�,� �+� �2� �b�h�O�n� �+� �2� �V�i� �n�N� �a�y� �+� �C�h�i� �N�V�,� 

�(�6�)� �P�,� �V�a� �b�=�I� �d�=�]� �i�=�1� 

�t�t�y�,� �I�n�z�,� �+�1�9�,� �I�n�e�,�)�+�@�,�,� 

�O�n�e� �h�u�n�d�r�e�d� �r�a�n�d�o�m� �d�r�a�w�s� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r� �v�e�c�t�o�r� �a�r�e� �c�r�e�a�t�e�d� �u�s�i�n�g� �t�h�e� �v�a�r�i�a�n�c�e�-� 

�c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s�.� �D�a�t�a� �a�r�e� �s�o�r�t�e�d� �b�y� �h�e�a�d�s�h�i�p� �c�a�t�e�g�o�r�y� �i�n�t�o� 

�t�h�r�e�e� �s�u�b�s�e�t�s�.� �T�h�e� �o�b�s�e�r�v�a�t�i�o�n�s� �f�r�o�m� �e�a�c�h� �o�f� �t�h�e�s�e� �s�u�b�s�e�t�s� �t�h�e�n� �a�r�e� �s�u�b�s�t�i�t�u�t�e�d� �i�n�t�o� �e�a�c�h� 

�d�r�a�w� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r� �v�e�c�t�o�r� �t�o� �g�e�n�e�r�a�t�e� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �m�o�d�e�l ��s� �p�r�e�d�i�c�t�e�d� �i�n�p�u�t�-� 

�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o� �s�e�p�a�r�a�t�e�l�y� �b�y� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r�.� �T�h�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �a�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� 

�a�c�t�u�a�l� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o�s�,� �r�e�p�o�r�t�e�d� �b�y� �t�h�e� �N�S�S�A� �S�D�A� �m�o�d�u�l�e� �a�n�d� �t�h�e� �W�o�r�l�d� �B�a�n�k� 
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�A�f�r�i�c�a� �T�e�c�h�n�i�c�a�l� �D�e�p�a�r�t�m�e�n�t� �(�D�o�n�o�v�a�n�,� �1�9�9�4�)�, ��°� �t�o� �t�e�s�t� �i�f� �t�h�e� �o�b�s�e�r�v�e�d� �r�a�t�i�o�s� �f�a�l�l� �w�i�t�h�i�n� �a� 

�9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �o�f� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� �d�i�s�t�r�i�b�u�t�i�o�n�s�.� 

�R�e�s�u�l�t�s� �o�f� �t�h�e� �t�e�s�t� �r�e�v�e�a�l� �t�h�a�t� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �o�f� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� 

�f�e�r�t�i�l�i�z�e�r� �n�i�t�r�o�g�e�n� �c�a�n� �n�o�t� �b�e� �r�e�j�e�c�t�e�d� �f�o�r� �f�a�r�m�e�r�s� �c�u�l�t�i�v�a�t�i�n�g� �h�y�b�r�i�d� �o�r� �l�o�c�a�l� �m�a�i�z�e� �(�T�a�b�l�e� 

�4�.�7�)�.� �T�h�e� �a�c�t�u�a�l� �n�i�t�r�o�g�e�n�-�t�o�-�m�a�i�z�e� �p�r�i�c�e� �r�a�t�i�o� �f�o�r� �1�9�9�2�-�9�3�,� �2�.�7�7�,� �f�a�l�l�s� �w�i�t�h�i�n� �a� �9�5� �p�e�r�c�e�n�t� 

�c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �o�f� �t�h�e� �p�r�e�d�i�c�t�e�d� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �f�e�r�t�i�l�i�z�e�r� �n�i�t�r�o�g�e�n� �f�o�r� �a�l�l� 

�h�e�a�d�s�h�i�p� �g�r�o�u�p�s� �o�f� �f�e�r�t�i�l�i�z�e�r� �u�s�e�r�s� �g�r�o�w�i�n�g� �h�y�b�r�i�d� �a�n�d� �l�o�c�a�l� �v�a�r�i�e�t�i�e�s�.� �T�h�e� �m�e�a�n� 

�p�r�e�d�i�c�t�e�d� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �f�e�r�t�i�l�i�z�e�r� �f�o�r� �m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �g�r�o�w�i�n�g� �l�o�c�a�l� �m�a�i�z�e�,� 

�2�.�7�6�,� �i�s� �a�l�m�o�s�t� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�e� �a�c�t�u�a�l� �p�r�i�c�e� �r�a�t�i�o�.� �H�o�w�e�v�e�r�,� �t�h�e� �m�e�a�n� �p�r�e�d�i�c�t�e�d� �m�a�r�g�i�n�a�l� 

�p�r�o�d�u�c�t� �f�o�r� �a�l�l� �h�y�b�r�i�d� �g�r�o�w�e�r�s�.� �a�s� �w�e�l�l� �a�s� �f�o�r� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �g�r�o�w�i�n�g� 

�l�o�c�a�l� �m�a�i�z�e�,� �e�x�c�e�e�d� �t�h�e� �o�b�s�e�r�v�e�d� �n�i�t�r�o�g�e�n�-�m�a�i�z�e� �p�r�i�c�e� �r�a�t�i�o�.� �A�l�t�h�o�u�g�h� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �o�f� 

�p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n� �c�a�n� �n�o�t� �b�e� �r�e�j�e�c�t�e�d� �f�o�r� �t�h�e�s�e� �f�a�r�m�e�r�s�,� �t�h�e� �h�i�g�h�e�r� �m�e�a�n� �p�r�e�d�i�c�t�e�d� 

�m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �o�n� �a�v�e�r�a�g�e� �t�h�e�s�e� �f�a�r�m�e�r�s� �m�a�y� �u�s�e� �l�e�s�s� �f�e�r�t�i�l�i�z�e�r� �n�i�t�r�o�g�e�n� 

�t�h�a�n� �w�o�u�l�d� �b�e� �o�p�t�i�m�a�l�.� �A�l�t�e�r�n�a�t�i�v�e�l�y�,� �d�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �h�a�v�e� �m�e�a�n� 

�p�r�e�d�i�c�t�e�d� �f�e�r�t�i�l�i�z�e�r� �p�r�o�d�u�c�t�i�v�i�t�y� �t�h�a�t� �f�a�l�l�s� �s�h�o�r�t� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �p�r�i�c�e� �r�a�t�i�o� �i�n� �S�t�a�g�e� �2� 

�p�r�o�d�u�c�t�i�o�n�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e�y� �m�a�y� �o�f�t�e�n� �a�p�p�l�y� �m�o�r�e� �f�e�r�t�i�l�i�z�e�r� �t�h�a�n� �w�o�u�l�d� �b�e� �o�p�t�i�m�a�l�.� 

�T�h�i�s� �c�o�u�l�d� �o�c�c�u�r� �b�e�c�a�u�s�e� �d�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�,� �w�h�o� �t�e�n�d� �t�o� �b�e� �p�o�o�r�e�r� �t�h�a�n� 

�h�o�u�s�e�h�o�l�d�s� �u�n�d�e�r� �o�t�h�e�r� �c�a�t�e�g�o�r�i�e�s� �o�f� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r�,� �a�r�e� �m�o�r�e� �r�i�s�k� �a�v�e�r�s�e�.� �T�h�e�y� �m�a�y� 

�c�h�o�o�s�e� �t�o� �u�s�e� �r�e�s�o�u�r�c�e�s� �t�o� �p�u�r�c�h�a�s�e� �e�x�t�r�a� �f�e�r�t�i�l�i�z�e�r� �f�o�r� �t�h�e�i�r� �l�o�c�a�l� �m�a�i�z�e� �v�a�r�i�e�t�i�e�s� �r�a�t�h�e�r� 

�t�h�a�n� �a�d�o�p�t� �h�i�g�h�e�r� �y�i�e�l�d�i�n�g� �h�y�b�r�i�d� �s�e�e�d�s�.� 

� � 

 ��©� �P�l�e�a�s�e� �s�e�e� �A�p�p�e�n�d�i�x� �5� �f�o�r� �t�h�e� �e�x�p�l�i�c�i�t� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o�s� �a�n�d� �t�h�e� �s�o�u�r�c�e�s� �o�f� �e�a�c�h� �p�r�i�c�e�.� 
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�P�r�e�d�i�c�t�e�d� �I�n�t�e�r�v�a�l�s� �f�o�r� �t�h�e� �M�a�r�g�i�n�a�l� �P�r�o�d�u�c�t� �o�f� �F�e�r�t�i�l�i�z�e�r� 
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�M�a�i�z�e� �G�e�n�d�e�r� �D�i�s�t�r�i�b�u�t�i�o�n�*� �A�c�t�u�a�l� 

�V�a�r�i�e�t�y� �C�a�t�e�g�o�r�y� �L�o�w�e�r� �|� �M�e�a�n� �|� �U�p�p�e�r� �|� �P�r�i�c�e� �R�a�t�i�o� 
�M�H�H� �-�1�2�.�1�4� �3�.�6�6� �2�9�.�0�0� 

�H�y�b�r�i�d� �M�a�i�z�e� �D�e� �F�a�c�t�o� �F�H�H� �-�5�.�2�5� �5�.�7�8� �4�2�.�0�5� �2�.�7�7� 
�D�e� �J�u�r�e� �F�H�H� �-�5�.�6�7� �3�.�6�3� �2�8�.�0�5� 
�M�H�H� �-�5�.�2�4� �2�.�7�6� �1�6�.�6�8� 

�L�o�c�a�l� �M�a�i�z�e� �D�e� �F�a�c�t�o� �F�H�H� �-�3�.�2�5� �3�.�9�]� �2�1�.�0�0� �2�.�7�7� 

�D�e� �J�u�r�e� �F�H�H� �-�1�8�.�5�5� �0�.�3�6� �1�3�.�1�8� � � � � � � � � � � � � 

 ��L�o�w�e�r �� �a�n�d�  ��u�p�p�e�r �� �r�e�p�r�e�s�e�n�t� �t�h�e� �b�o�u�n�d�a�r�i�e�s� �o�f� �t�h�e� �9�5�%� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �f�o�r� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 
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�T�a�b�l�e� �4�.�1�0� 

�P�r�e�d�i�c�t�e�d� �I�n�t�e�r�v�a�l�s� �f�o�r� �t�h�e� �L�a�b�o�r�-�M�a�i�z�e� �P�r�i�c�e� �R�a�t�i�o� 
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�M�a�i�z�e� �N�i�t�r�o�g�e�n� �G�e�n�d�e�r� �D�i�s�t�r�i�b�u�t�i�o�n �� �A�c�t�u�a�l� 

�V�a�r�i�e�t�y� �A�p�p�l�i�c�a�t�i�o�n� �|�C�a�t�e�g�o�r�y� �L�o�w�e�r� �M�e�a�n� �U�p�p�e�r� �P�r�i�c�e� 
�R�a�t�i�o� 

�M�H�H� �~�1�.�0�5� �-�0�.�1�0� �-�0�.�3�3� 
�F�e�r�t�i�l�i�z�e�r� �D�e� �F�a�c�t�o� �F�H�H� �-�1�.�4�5� �-�0�.�1�3� �0�.�3�4� �6�.�9�5� 

�H�y�b�r�i�d� �D�e� �J�u�r�e� �F�H�H� �-�0�.�6�0� �-�0�.�0�2� �0�.�3�7� 
�M�a�i�z�e� �M�H�H� �-�1�.�2�4� �-�0�.�1�4� �0�.�3�2� 

�N�o� �F�e�r�t�i�l�i�z�e�r� �|�D�e� �F�a�c�t�o� �F�H�H� �-�1�.�9�7� �-�0�.�2�5� �0�.�4�7� �6�.�9�5� 
�D�e� �J�u�r�e� �F�H�H� �-�0�.�9�3� �-�0�.�1�2� �0�.�1�8� 

�M�H�H� �-�0�.�6�6� �-�0�.�0�7� �0�.�5�2� 
�F�e�r�t�i�l�i�z�e�r� �D�e� �F�a�c�t�o� �F�H�H� �-�0�.�6�3� �-�0�.�0�6� �0�.�5�5� �6�.�9�5� 

�L�o�c�a�l� �D�e� �J�u�r�e� �F�H�H� �-�0�.�2�1� �0�.�0�8� �0�.�6�9� 

�M�a�i�z�e� �M�H�H� �-�0�.�2�2� �0�.�0�1� �0�.�3�6� 
�N�o� �F�e�r�t�i�l�i�z�e�r� �|�D�e� �F�a�c�t�o� �F�H�H� �-�0�.�3�0� �-�0�.�0�]� �0�.�3�6� �6�.�9�5� 

�D�e� �J�u�r�e� �F�H�H� �-�0�.�0�9� �0�.�0�4� �0�.�3�6� � � � � � � 

 ��L�o�w�e�r �� �a�n�d�  ��u�p�p�e�r �� �r�e�p�r�e�s�e�n�t� �t�h�e� �b�o�u�n�d�a�r�i�e�s� �o�f� �t�h�e� �9�5�%� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �f�o�r� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 
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�P�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �l�a�b�o�r� �i�s� �r�e�j�e�c�t�e�d� �f�o�r� �a�l�l� �g�r�o�u�p�s� �o�f� 

�s�m�a�l�l�h�o�l�d�e�r�s�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �c�u�l�t�i�v�a�t�i�o�n� �t�e�c�h�n�i�q�u�e� �o�r� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �(�T�a�b�l�e� �4�.�1�0�)�.� �T�h�e� 

�m�e�a�n� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �l�a�b�o�r� �i�s� �c�l�o�s�e� �t�o� �z�e�r�o� �o�r� �s�l�i�g�h�t�l�y� �n�e�g�a�t�i�v�e� �f�o�r� �l�o�c�a�l� �m�a�i�z�e� �p�l�o�t�s�,� 

�a�n�d� �t�h�e� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�s� �f�a�l�l� �w�e�l�l� �b�e�l�o�w� �t�h�e� �o�b�s�e�r�v�e�d� �l�a�b�o�r�-�m�a�i�z�e� �p�r�i�c�e� �r�a�t�i�o� �o�f� �6�.�9�5�.� 

�T�h�e� �e�x�t�r�e�m�e�l�y� �l�o�w� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�c�c�u�r�r�i�n�g� �i�n� �S�t�a�g�e� �2� �o�f� �p�r�o�d�u�c�t�i�o�n� �o�n� �l�o�c�a�l� �m�a�i�z�e� 

�p�l�o�t�s�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�5�.�1�,� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�o�o� �m�u�c�h� �l�a�b�o�r� �i�s� �a�v�a�i�l�a�b�l�e� �f�o�r� 

�h�o�u�s�e�h�o�l�d� �p�r�o�d�u�c�t�i�o�n� �o�n� �t�h�e�s�e� �f�a�r�m�s�.� �O�n�e� �r�e�a�s�o�n� �f�o�r� �t�h�i�s� �o�u�t�c�o�m�e� �i�s� �t�h�a�t� �a� �l�a�c�k� �o�f� �o�f�f�-� 

�f�a�r�m� �e�m�p�l�o�y�m�e�n�t� �c�o�u�l�d� �r�e�s�u�l�t� �i�n� �m�o�r�e� �l�a�b�o�r� �b�e�i�n�g� �r�e�p�o�r�t�e�d� �a�s� �a�v�a�i�l�a�b�l�e� �i�n� �t�h�e� �h�o�u�s�e�h�o�l�d� 

�t�h�a�n� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �f�a�r�m� �t�h�e� �c�u�l�t�i�v�a�t�e�d� �a�r�e�a� �o�f� �t�h�e� �h�o�l�d�i�n�g�,� �d�e�p�r�e�s�s�i�n�g� �t�h�e� �e�s�t�i�m�a�t�e�d� �l�a�b�o�r� 

�p�r�o�d�u�c�t�i�v�i�t�y�.� 

�A�n�o�t�h�e�r� �e�x�p�l�a�n�a�t�i�o�n� �i�s� �t�h�a�t� �m�a�l�n�u�t�r�i�t�i�o�n�,� �w�h�i�c�h� �i�s� �p�r�e�v�a�l�e�n�t� �a�m�o�n�g� �t�h�e� �r�u�r�a�l� �p�o�o�r�,� 

�i�s� �d�e�p�r�e�s�s�i�n�g� �a�c�t�u�a�l� �l�a�b�o�r� �p�r�o�d�u�c�t�i�v�i�t�y�.� �B�e�h�r�m�a�n� �(�1�9�9�3�)� �p�r�e�s�e�n�t�s� �e�v�i�d�e�n�c�e�  ��t�h�a�t� �c�a�l�o�r�i�e�s� 

�a�r�e� �f�a�i�r�l�y� �i�m�p�o�r�t�a�n�t� �i�n� �c�r�o�s�s�-�f�a�r�m� �v�a�r�i�a�t�i�o�n�s� �i�n� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�v�i�t�y �� �(�p�.� �1�7�5�4�)� �i�n�a� 

�r�e�v�i�e�w� �o�f� �t�h�e� �e�f�f�e�c�t�s� �o�f� �m�a�l�n�u�t�r�i�t�i�o�n� �o�n� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �l�a�b�o�r�.� �T�h�e� �p�o�o�r�e�s�t� �d�e� �j�u�r�e� 

�f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�,� �t�h�o�s�e� �g�r�o�w�i�n�g� �l�o�c�a�l� �m�a�i�z�e�.� �h�a�v�e� �t�h�e� �h�i�g�h�e�s�t� �p�r�e�d�i�c�t�e�d� �m�e�a�n� 

�m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �l�a�b�o�r� �o�f� �a�l�l� �l�o�c�a�l� �m�a�i�z�e� �g�r�o�w�e�r�s�.� �T�h�e� �c�o�n�s�i�s�t�e�n�t�l�y� �i�n�c�r�e�a�s�e�d� 

�l�a�b�o�r� �p�r�o�d�u�c�t�i�v�i�t�y� �i�n� �t�h�e�s�e� �h�o�u�s�e�h�o�l�d�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �n�u�t�r�i�t�i�o�n� �m�a�y� �b�e� �a� �f�a�c�t�o�r� �a�f�f�e�c�t�i�n�g� 

�t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �e�s�t�i�m�a�t�e�s�.� �K�e�n�n�e�d�y� �a�n�d� �P�e�t�e�r�s� �(�1�9�9�2�)� �n�o�t�e� �t�h�a�t� �c�h�i�l�d�r�e�n� �i�n� �M�a�l�a�w�i ��s� �d�e� 

�j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �s�c�o�r�e� �b�e�t�t�e�r� �i�n� �n�u�t�r�i�t�i�o�n� �s�c�r�e�e�n�i�n�g�s� �t�h�a�n� �c�h�i�l�d�r�e�n� �f�r�o�m� 

�b�e�t�t�e�r�-�o�f�f� �m�a�l�e�-�h�e�a�d�e�d� �a�n�d� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� �T�h�e�y� �a�s�s�e�r�t� �t�h�a�t� �d�e� �j�u�r�e� 

�f�e�m�a�l�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s� �i�n�v�e�s�t� �i�n� �t�h�e�i�r� �c�h�i�l�d�r�e�n ��s� �h�e�a�l�t�h� �t�o� �c�o�m�b�a�t� �l�a�b�o�r� �s�h�o�r�t�a�g�e�s�,� 
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�t�h�e�r�e�b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e�i�r� �p�r�o�d�u�c�t�i�v�i�t�y�.� �I�t� �i�s� �a�l�s�o� �p�o�s�s�i�b�l�e� �t�h�a�t� �m�o�r�e� �l�a�b�o�r� �b�e�i�n�g� �d�e�v�o�t�e�d� �t�o� 

�h�o�u�s�e�h�o�l�d� �p�r�o�d�u�c�t�i�o�n� �t�h�a�n� �i�s� �o�p�t�i�m�a�l� �i�s� �a� �r�e�f�l�e�c�t�i�o�n� �o�f� �r�i�s�k� �a�v�e�r�s�i�o�n� �o�n� �t�h�e� �p�a�r�t� �o�f� 

�s�m�a�l�l�h�o�l�d�e�r�s� �g�r�o�w�i�n�g� �l�o�c�a�l� �m�a�i�z�e�.� �L�o�c�a�l� �m�a�i�z�e� �i�s� �g�e�n�e�r�a�l�l�y� �g�r�o�w�n� �a�s� �a� �s�u�b�s�i�s�t�e�n�c�e� �c�r�o�p� 

�(�G�l�a�d�w�i�n�,� �1�9�9�2�)� �a�n�d� �d�e�v�o�t�i�n�g� �e�x�t�r�a� �l�a�b�o�r� �t�o� �s�u�b�s�i�s�t�e�n�c�e� �p�r�o�d�u�c�t�i�o�n� �m�a�y� �b�e� �a� �m�e�a�n�s� �o�f� 

�i�n�s�u�r�i�n�g� �f�o�o�d� �s�e�c�u�r�i�t�y� �i�n� �s�m�a�l�l�h�o�l�d�e�r� �h�o�u�s�e�h�o�l�d�s�.� 

�T�h�e� �e�x�t�r�e�m�e�l�y� �l�o�w� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t�s� �o�f� �l�a�b�o�r� �p�r�e�d�i�c�t�e�d� �f�o�r� �h�y�b�r�i�d� �m�a�i�z�e� �g�r�o�w�e�r�s� 

�w�h�o� �u�s�e� �f�e�r�t�i�l�i�z�e�r� �a�r�e� �n�o�t� �l�i�k�e�l�y� �t�o� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �m�a�l�n�u�t�r�i�t�i�o�n� �b�e�c�a�u�s�e� �t�h�e�s�e� �h�o�u�s�e�h�o�l�d�s� 

�r�e�p�r�e�s�e�n�t� �t�h�e� �w�e�a�l�t�h�i�e�s�t� �s�e�g�m�e�n�t� �o�f� �t�h�e� �s�m�a�l�l�h�o�l�d�e�r� �s�e�c�t�o�r�.� �N�o�r� �i�s� �i�t� �e�x�p�l�a�i�n�e�d� �b�y� �a� 

�p�o�s�s�i�b�l�e� �l�a�c�k� �o�f� �e�m�p�l�o�y�m�e�n�t� �o�p�p�o�r�t�u�n�i�t�i�e�s�,� �a�s� �h�y�b�r�i�d� �m�a�i�z�e� �g�r�o�w�e�r�s� �o�f�t�e�n� �h�i�r�e� �e�x�t�r�a� �l�a�b�o�r� 

�t�o� �c�u�l�t�i�v�a�t�e� �t�h�e�i�r� �f�i�e�l�d�s�.� �I�t� �i�s� �m�o�r�e� �l�i�k�e�l�y� �t�h�a�t� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n�s� �f�o�r� �a�v�a�i�l�a�b�l�e� �l�a�b�o�r� �a�r�e� 

�o�v�e�r�e�s�t�i�m�a�t�e�d� �f�o�r� �t�h�e�s�e� �h�o�u�s�e�h�o�l�d�s�.� �T�h�i�s� �c�o�u�l�d� �h�a�p�p�e�n� �b�e�c�a�u�s�e� �m�e�m�b�e�r�s� �o�f� �t�h�e�s�e� 

�h�o�u�s�e�h�o�l�d�s� �a�r�e� �m�o�r�e� �s�u�r�e� �o�f� �t�h�e�i�r� �f�o�o�d� �s�e�c�u�r�i�t�y� �a�n�d� �c�a�s�h� �f�l�o�w� �d�u�e� �t�o� �h�i�g�h�e�r� �m�a�i�z�e� �y�i�e�l�d�s� 

�a�n�d� �l�a�r�g�e�r� �h�o�l�d�i�n�g�s�.� �T�h�u�s�.� �t�h�e�y� �m�a�y� �f�i�n�d� �i�t� �m�o�r�e� �p�r�o�f�i�t�a�b�l�e� �o�r� �d�e�s�i�r�a�b�l�e� �t�o� �h�i�r�e� �l�a�b�o�r� 

�i�n�s�t�e�a�d� �o�f� �w�o�r�k�i�n�g� �t�h�r�o�u�g�h� �t�h�e� �e�n�t�i�r�e� �a�g�r�i�c�u�l�t�u�r�a�l� �y�e�a�r�.� �T�h�e�y� �m�a�y� �h�a�v�e� �s�e�n�t� �t�h�e�i�r� 

�c�h�i�l�d�r�e�n� �t�o� �s�c�h�o�o�l�,� �a�s� �t�h�e�y� �a�r�e� �t�h�e� �g�r�o�u�p� �m�o�s�t� �a�b�l�e� �t�o� �a�f�f�o�r�d� �t�h�e� �f�e�e�s� �i�m�p�o�s�e�d� �i�n� �M�a�l�a�w�i ��s� 

�p�r�i�m�a�r�y� �s�c�h�o�o�l�s� �u�n�t�i�l� �1�9�9�4�.� �H�o�u�s�e�h�o�l�d�s� �g�r�o�w�i�n�g� �e�i�t�h�e�r� �h�y�b�r�i�d� �o�r� �l�o�c�a�l� �m�a�i�z�e� �m�a�y� �e�v�e�n� 

�h�a�v�e� �d�e�c�l�i�n�e�d� �t�o� �r�e�p�o�r�t� �a�l�l� �o�f� �t�h�e� �t�i�m�e� �s�p�e�n�t� �i�n� �o�f�f�-�f�a�r�m� �e�m�p�l�o�y�m�e�n�t�,� �f�e�a�r�i�n�g� �t�h�a�t� �s�u�r�v�e�y� 

�e�n�u�m�e�r�a�t�o�r�s� �h�a�d� �s�o�m�e� �c�o�n�n�e�c�t�i�o�n� �w�i�t�h� �g�o�v�e�r�n�m�e�n�t� �t�a�x� �o�r� �d�e�b�t� �c�o�l�l�e�c�t�o�r�s�.� �B�e�c�a�u�s�e� �t�h�e� 

�s�u�r�v�e�y� �f�o�l�l�o�w�e�d� �a� �y�e�a�r� �o�f� �m�a�s�s�i�v�e� �d�e�b�t� �d�e�f�a�u�l�t� �a�n�d� �t�o�o�k� �p�l�a�c�e� �i�n� �t�h�e� �m�i�d�s�t� �o�f� �h�i�g�h� 
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�t�e�n�s�i�o�n�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �M�a�l�a�w�i ��s� �f�i�r�s�t� �d�e�m�o�c�r�a�t�i�c� �e�l�e�c�t�i�o�n�,� �t�h�i�s� �1�s� �a� �r�e�a�s�o�n�a�b�l�e� 

�s�u�p�p�o�s�i�t�i�o�n�. �� 

�4�.�7� �C�o�n�s�t�r�a�i�n�t�s� �v�s�.� �A�l�l�o�c�a�t�i�v�e� �I�n�e�f�f�i�c�i�e�n�c�y� 

�N�o�n�z�e�r�o� �s�h�a�d�o�w� �p�r�i�c�e�s� �o�b�s�e�r�v�e�d� �f�o�r� �f�e�r�t�i�l�i�z�e�r� �u�s�e�r�s� �a�n�d� �l�o�c�a�l� �m�a�i�z�e� �g�r�o�w�e�r�s� �w�h�o� 

�d�o� �n�o�t� �u�s�e� �f�e�r�t�i�l�i�z�e�r� �c�o�u�l�d� �b�e� �d�u�e� �t�o� �e�i�t�h�e�r� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �o�r� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �a� 

�r�e�s�o�u�r�c�e� �c�o�n�s�t�r�a�i�n�t�.� �A� �c�o�n�s�t�r�a�i�n�t� �w�o�u�l�d� �a�r�i�s�e� �i�f� �o�n�l�y� �a� �l�i�m�i�t�e�d� �a�m�o�u�n�t� �o�f� �a� �f�a�c�t�o�r� �i�n�p�u�t� �i�s� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �p�u�r�c�h�a�s�e�,� �i�f� �a� �p�r�o�d�u�c�e�r� �i�s� �u�n�a�b�l�e� �t�o� �a�c�q�u�i�r�e� �f�u�n�d�s� �t�o� �p�u�r�c�h�a�s�e� �t�h�e� �i�n�p�u�t�,� �o�r� �i�f� 

�a�n� �i�n�p�u�t� �i�s� �n�o�t� �d�i�v�i�s�i�b�l�e� �i�n�t�o� �q�u�a�n�t�i�t�i�e�s� �s�m�a�l�l� �e�n�o�u�g�h� �t�o� �a�p�p�l�y� �a�t� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �l�e�v�e�l�s�.� 

�A�l�t�e�r�n�a�t�i�v�e�l�y�,� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �i�s� �t�h�e� �f�a�i�l�u�r�e� �o�f� �a� �p�r�o�d�u�c�e�r� �t�o� �u�s�e� �f�a�c�t�o�r� �i�n�p�u�t�s� �i�n� 

�o�p�t�i�m�a�l� �p�r�o�p�o�r�t�i�o�n�s� �a�n�d� �q�u�a�n�t�i�t�i�e�s�.� �w�h�e�r�e� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �e�a�c�h� �i�n�p�u�t� 

�e�q�u�a�l�s� �i�t�s� �p�r�i�c�e�.� �(�K�u�m�b�a�k�h�a�r�,� �1�9�9�4�;� �P�u�d�a�s�a�i�n�i�,� �1�9�8�3�)�.� �I�f� �d�i�v�e�r�g�e�n�c�e�s� �f�r�o�m� �o�p�t�i�m�a�l� �r�a�t�i�o�s� 

�w�e�r�e� �d�u�e� �t�o� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�i�e�s�,� �t�h�e�n� �t�h�e� �v�a�r�i�a�b�l�e�s� �i�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �m�o�d�e�l�s� �t�h�a�t� 

�m�i�g�h�t� �i�n�f�l�u�e�n�c�e� �a� �s�m�a�l�l�h�o�l�d�e�r� �f�a�r�m�e�r ��s� �a�b�i�l�i�t�y� �t�o� �o�b�t�a�i�n� �a�n�d� �a�p�p�l�y� �m�a�r�k�e�t� �i�n�f�o�r�m�a�t�i�o�n� �t�o� 

�a�l�l�o�c�a�t�e� �i�n�p�u�t�s� �i�n� �a� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �m�a�n�n�e�r� �a�r�e� �e�d�u�c�a�t�i�o�n� �a�n�d� �e�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g�.� 

�E�q�u�a�t�i�o�n� �3�.�6� �i�s� �s�i�m�u�l�a�t�e�d� �a� �s�e�c�o�n�d� �t�i�m�e� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e�s�e� �f�a�c�t�o�r�s� �i�n�f�l�u�e�n�c�e� �t�h�e� 

�n�o�n�z�e�r�o� �s�h�a�d�o�w� �p�r�i�c�e�s�,� �i�m�p�l�y�i�n�g� �t�h�a�t� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �r�a�t�h�e�r� �t�h�a�n� �r�e�s�o�u�r�c�e� 

�c�o�n�s�t�r�a�i�n�t�s� �m�a�y� �b�e� �p�r�e�v�e�n�t�i�n�g� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�a�t�i�o�n�.� �D�a�t�a� �s�u�b�s�e�t�s� �a�r�e� �s�o�r�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� 

�g�e�n�d�e�r�,� �e�d�u�c�a�t�i�o�n�,� �a�n�d� �e�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g� �v�a�r�i�a�b�l�e�s�.� 

� � 

�' �� �A�s� �e�x�p�l�a�i�n�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�5�.�1�,� �t�h�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �l�a�b�o�r� �f�o�r� �h�y�b�r�i�d� �m�a�i�z�e� �p�l�o�t�s� �w�i�t�h�o�u�t� �f�e�r�t�i�l�i�z�e�r� �c�a�n� �n�o�t� �b�e� 
�i�n�t�e�r�p�r�e�t�e�d� �b�e�c�a�u�s�e� �t�h�e� �f�u�n�c�t�i�o�n� �i�s� �n�o�t� �w�e�l�l�-�b�e�h�a�v�e�d�.� 
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�T�a�b�l�e� �4�.�1�1� 
�C�h�a�n�g�e�s� �i�n� �M�e�a�n� �P�r�e�d�i�c�t�e�d� �M�a�r�g�i�n�a�l� �P�r�o�d�u�c�t� �A�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� 
�E�d�u�c�a�t�i�o�n� �a�n�d� �E�x�t�e�n�s�i�o�n� �T�r�a�i�n�i�n�g� �o�f� �H�o�u�s�e�h�o�l�d� �H�e�a�d�s� 

� � 

� � 

� � 

� � 

� � � � 

�G�e�n�d�e�r� �C�u�l�t�i�v�a�t�i�o�n� �C�h�a�n�g�e� �i�n� �M�e�a�n� �M�a�r�g�i�n�a�l� 
�C�a�t�e�g�o�r�y� �T�e�c�h�n�i�q�u�e� �P�r�o�d�u�c�t� �o�f� �L�a�b�o�r� �w�i�t�h� 

�E�d�u�c�a�t�i�o�n� �E�x�t�e�n�s�i�o�n� 
�H�y�b�r�i�d� �w�i�t�h� �F�e�r�t�i�l�i�z�e�r� �-�0�.�0�8� �0�.�0�7� 

�M�H�H� �H�y�b�r�i�d� �w�i�t�h� �N�o� �F�e�r�t�i�l�i�z�e�r� �-�0�.�1�8� �0�.�0�6� 
�L�o�c�a�l� �w�i�t�h� �F�e�r�t�i�l�i�z�e�r� �0�.�0�1� �0�.�0�6� 
�L�o�c�a�l� �w�i�t�h� �N�o� �F�e�r�t�i�l�i�z�e�r� �-�0�.�0�6� �0�.�0�1� 
�H�y�b�r�i�d� �w�i�t�h� �F�e�r�t�i�l�i�z�e�r� �0�.�0�4� �0�.�2�2� 

�D�e� �F�a�c�t�o� �F�H�H�_� �{�H�y�b�r�i�d� �w�i�t�h� �N�o� �F�e�r�t�i�l�i�z�e�r� �-�0�.�0�1� �0�.�1�8� 
�L�o�c�a�l� �w�i�t�h� �F�e�r�t�i�l�i�z�e�r� �0�.�0�0� �0�.�0�1� 
�L�o�c�a�l� �w�i�t�h� �N�o� �F�e�r�t�i�l�i�z�e�r� �-�0�.�0�7� �-�0�.�0�3� 
�H�y�b�r�i�d� �w�i�t�h� �F�e�r�t�i�l�i�z�e�r� �-�0�.�0�3� �0�.�1�3� 

�D�e� �J�u�r�e� �F�H�H� �~ �� �|�H�y�b�r�i�d� �w�i�t�h� �N�o� �F�e�r�t�i�l�i�z�e�r� �-�0�.�1�0� �-�0�.�0�2� 
�L�o�c�a�l� �w�i�t�h� �F�e�r�t�i�l�i�z�e�r� �0�.�0�0� �0�.�1�2� 
�L�o�c�a�l� �w�i�t�h� �N�o� �F�e�r�t�i�l�i�z�e�r� �-�0�.�0�5� �0�.�0�1� � � � � � � 
� � 
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�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�e�c�o�n�d� �s�e�r�i�e�s� �o�f� �s�i�m�u�l�a�t�i�o�n�s� �s�h�o�w� �t�h�a�t� �n�e�i�t�h�e�r� �e�d�u�c�a�t�i�o�n� �n�o�r� 

�e�x�t�e�n�s�i�o�n� �h�a�s� �a� �l�a�r�g�e� �o�r� �c�o�n�s�i�s�t�e�n�t� �i�m�p�a�c�t� �o�n� �t�h�e� �p�r�e�d�i�c�t�e�d� �m�e�a�n� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� 

�l�a�b�o�r� �(�T�a�b�l�e� �4�.�9�)�.� �E�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�o�n�s�i�s�t�e�n�t�l�y� �p�o�s�i�t�i�v�e� �s�h�i�f�t�s� 

�t�o�w�a�r�d� �t�h�e� �a�c�t�u�a�l� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o� �f�o�r� �a�l�l� �h�o�u�s�e�h�o�l�d�s� �u�s�i�n�g� �f�e�r�t�i�l�i�z�e�r�,� �r�e�g�a�r�d�l�e�s�s� �o�f� 

�h�e�a�d�s�h�i�p� �g�e�n�d�e�r�.� �H�o�w�e�v�e�r�,� �i�t� �h�a�s� �n�o� �l�a�r�g�e� �e�f�f�e�c�t� �o�n� �t�h�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �l�a�b�o�r� �f�o�r� �a�n�y� 

�o�t�h�e�r� �g�r�o�u�p� �o�f� �f�a�r�m�e�r�s�.� �I�t� �a�l�s�o� �d�o�e�s� �n�o�t� �i�n�c�r�e�a�s�e� �t�h�e� �p�r�e�d�i�c�t�e�d� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �e�n�o�u�g�h� 

�t�h�a�t� �t�h�e� �l�a�b�o�r�-�m�a�i�z�e� �p�r�i�c�e� �r�a�t�i�o� �f�a�l�l�s� �w�i�t�h�i�n� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �f�o�r� �t�h�o�s�e� �p�a�r�t�i�c�u�l�a�r� �g�r�o�u�p�s� �o�f� 

�f�a�r�m�e�r�s�.� �N�o� �c�o�n�s�i�s�t�e�n�t� �i�n�c�r�e�a�s�e�s� �i�n� �t�h�e� �m�e�a�n� �p�r�e�d�i�c�t�e�d� �t�h�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �l�a�b�o�r� �a�r�e� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�d�u�c�a�t�i�o�n� �f�o�r� �a�n�y� �h�e�a�d�s�h�i�p� �c�a�t�e�g�o�r�y� �o�r� �t�e�c�h�n�o�l�o�g�y� �r�e�g�i�m�e�.� �L�i�k�e� 

�e�x�t�e�n�s�i�o�n�,� �i�t� �d�o�e�s� �n�o�t� �c�a�u�s�e� �a�n�y� �c�h�a�n�g�e�s� �i�n� �t�e�s�t�s� �f�o�r� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�a�t�i�o�n�.� �T�h�u�s�.� �i�t� �c�a�n� �b�e� 

�c�o�n�c�l�u�d�e�d� �t�h�a�t� �i�n�p�u�t� �c�o�n�s�t�r�a�i�n�t�s� �r�a�t�h�e�r� �t�h�a�n� �a�l�l�o�c�a�t�i�v�e� �i�n�e�f�f�i�c�i�e�n�c�y� �c�a�u�s�e� �t�h�e� �o�b�s�e�r�v�e�d� 

�d�i�v�e�r�g�e�n�c�e�s� �f�r�o�m� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�a�t�i�o�n� �f�o�r� �a�l�l� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �c�a�t�e�g�o�r�i�e�s�.� 

�4�.�8� �S�u�m�m�a�r�y� �o�f� �R�e�s�u�l�t�s� 

�I�n� �c�o�n�c�l�u�s�i�o�n�,� �i�t� �i�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �d�e� �j�u�r�e� �f�e�m�a�l�e� �h�e�a�d�s�h�i�p� �h�a�s� �a�n� �a�d�v�e�r�s�e� �e�f�f�e�c�t� 

�o�n� �p�r�o�d�u�c�t�i�o�n�.� �D�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �a�r�e� �l�e�s�s� �t�e�c�h�n�i�c�a�l�l�y� �e�f�f�i�c�i�e�n�t� �a�n�d� �h�a�v�e� 

�l�o�w�e�r� �p�r�e�d�i�c�t�e�d� �y�i�e�l�d�s� �t�h�a�n� �m�a�l�e�-�h�e�a�d�e�d� �a�n�d� �d�e� �f�a�c�t�o� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� 

�H�o�w�e�v�e�r�,� �n�o� �e�v�i�d�e�n�c�e� �o�f� �g�e�n�d�e�r�-�s�p�e�c�i�f�i�c� �c�o�n�s�t�r�a�i�n�t�s� �o�n� �f�e�r�t�i�l�i�z�e�r� �o�r� �l�a�b�o�r� �i�s� �d�i�s�c�o�v�e�r�e�d�.� 

�S�m�a�l�l�h�o�l�d�e�r�s� �a�r�e� �f�o�u�n�d� �t�o� �m�a�x�i�m�i�z�e� �p�r�o�f�i�t�s� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �f�e�r�t�i�l�i�z�e�r� �u�n�d�e�r� �a�l�l� �c�a�t�e�g�o�r�i�e�s� 

�o�f� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r�.� �R�e�s�o�u�r�c�e� �c�o�n�s�t�r�a�i�n�t�s� �a�r�e� �s�h�o�w�n� �t�o� �e�x�i�s�t� �c�a�u�s�i�n�g� �s�u�r�p�l�u�s� �l�a�b�o�r� �a�c�r�o�s�s� 

�a�l�l� �t�e�c�h�n�o�l�o�g�y� �r�e�g�i�m�e�s� �a�n�d� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �g�r�o�u�p�s�.� �T�h�u�s�,� �a�l�t�h�o�u�g�h� �d�e� �j�u�r�e� �f�e�m�a�l�e�-� 
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�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �a�r�e� �s�h�o�w�n� �t�o� �h�a�v�e� �l�o�w�e�r� �l�e�v�e�l�s� �o�f� �t�e�c�h�n�i�c�a�l� �e�f�f�i�c�i�e�n�c�y� �a�n�d� �p�r�e�d�i�c�t�e�d� 

�y�i�e�l�d�s�,� �t�h�e�r�e� �i�s� �n�o� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e�y� �f�a�c�e� �u�n�i�q�u�e� �i�n�p�u�t� �c�o�n�s�t�r�a�i�n�t�s� �r�e�v�e�a�l�e�d� �i�n� �t�h�e� 

�r�e�s�u�l�t�s�.� �'�®� 

� � 

�'�*� �P�l�e�a�s�e� �s�e�e� �A�p�p�e�n�d�i�x� �6� �f�o�r� �m�o�d�e�l� �r�e�s�u�l�t�s� �u�s�i�n�g� �t�h�e� �C�o�b�b�-�D�o�u�g�l�a�s� �f�u�n�c�t�i�o�n�a�l� �f�o�r�m� �i�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n�s�.� 

�8�3



�C�h�a�p�t�e�r� �5� 

�I�m�p�l�i�c�a�t�i�o�n�s� �a�n�d� �F�u�t�u�r�e� �R�e�s�e�a�r�c�h� 

�5�.�1� �D�o�e�s� �G�e�n�d�e�r� �M�a�t�t�e�r�?� �P�r�o�f�i�t�-�M�a�x�i�m�i�z�a�t�i�o�n� �a�n�d� �I�n�p�u�t� �C�o�n�s�t�r�a�i�n�t�s� 

�T�h�i�s� �s�t�u�d�y� �e�s�t�i�m�a�t�e�s� �s�m�a�l�l�h�o�l�d�e�r� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s� �a�n�d� �t�e�s�t�s� �f�o�r� �p�r�o�f�i�t�-� 

�m�a�x�i�m�i�z�a�t�i�o�n� �w�i�t�h� �t�h�e� �i�n�t�e�n�t�i�o�n� �o�f� �u�n�c�o�v�e�r�i�n�g� �u�n�i�q�u�e� �i�n�p�u�t� �c�o�n�s�t�r�a�i�n�t�s� �f�a�c�i�n�g� �f�e�m�a�l�e�-� 

�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� �T�h�e� �r�e�s�u�l�t�s�,� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �4�,� �i�n�d�i�c�a�t�e� �t�h�a�t� �d�e�v�i�a�t�i�o�n� �f�r�o�m� 

�p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �i�n�p�u�t� �u�s�e� �d�o�e�s� �n�o�t� �d�e�p�e�n�d� �o�n� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r�.� �S�m�a�l�l�h�o�l�d�e�r�s� �w�h�o� �u�s�e� 

�t�e�r�t�i�l�i�z�e�r� �c�o�n�s�i�s�t�e�n�t�l�y� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �f�e�r�t�i�l�i�z�e�r� �n�i�t�r�o�g�e�n� �o�n� �h�y�b�r�i�d� �a�n�d� 

�l�o�c�a�l� �p�l�o�t�s�.� �F�u�r�t�h�e�r�,� �t�h�e�y� �u�s�e� �l�a�b�o�r� �o�n� �a�l�l� �p�l�o�t�s� �i�n� �q�u�a�n�t�i�t�i�e�s� �e�x�c�e�e�d�i�n�g� �t�h�e� �o�p�t�i�m�a�l� �l�e�v�e�l� 

�w�h�e�r�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �e�q�u�a�l�s� �t�h�e� �i�n�p�u�t�-�o�u�t�p�u�t� �p�r�i�c�e� �r�a�t�i�o�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �t�e�c�h�n�o�l�o�g�y� 

�r�e�g�i�m�e� �o�r� �t�h�e� �g�e�n�d�e�r� �o�f� �t�h�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�.� 

�D�i�f�f�e�r�e�n�t�i�a�l� �t�e�c�h�n�i�c�a�l� �e�f�f�i�c�i�e�n�c�y� �i�s� �e�v�i�d�e�n�t�,� �a�s� �d�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� 

�g�r�o�w�i�n�g� �l�o�c�a�l� �m�a�i�z�e� �w�i�t�h� �f�e�r�t�i�l�i�z�e�r� �a�n�d� �g�r�o�w�i�n�g� �h�y�b�r�i�d� �m�a�i�z�e� �w�i�t�h�o�u�t� �f�e�r�t�i�l�i�z�e�r� �a�r�e� �f�o�u�n�d� 

�t�o� �b�e� �l�e�s�s� �t�e�c�h�n�i�c�a�l�l�y� �e�f�f�i�c�i�e�n�t� �t�h�a�n� �t�h�e�i�r� �p�e�e�r�s�.� �H�o�w�e�v�e�r�,� �g�e�n�d�e�r�-�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �a�l�l�o�c�a�t�i�v�e� 

�i�n�e�f�f�i�c�i�e�n�c�y� �i�s� �n�o�t� �e�v�i�d�e�n�t�.� �I�n� �n�o� �i�n�s�t�a�n�c�e� �d�o�e�s� �t�h�e� �i�n�c�l�u�s�i�o�n� �o�f� �e�d�u�c�a�t�i�o�n� �o�r� �e�x�t�e�n�s�i�o�n� 

�t�r�a�i�n�i�n�g� �a�l�l�o�w� �a�n�y� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �c�a�t�e�g�o�r�y� �u�s�i�n�g� �a�n�y� �c�u�l�t�i�v�a�t�i�o�n� �t�e�c�h�n�i�q�u�e� �t�o� �s�a�t�i�s�f�y� �t�h�e� 

�t�e�s�t� �f�o�r� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�a�t�i�o�n� �w�h�e�r�e� �i�t� �o�t�h�e�r�w�i�s�e� �w�o�u�l�d� �n�o�t�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �m�o�d�e�l� �r�e�s�u�l�t�s� 

�i�m�p�l�y� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �s�i�z�a�b�l�e� �a�n�d� �p�e�r�v�a�s�i�v�e� �c�o�n�s�t�r�a�i�n�t�s� �o�n� �t�h�e� �u�s�e� �o�f� �f�e�r�t�i�l�i�z�e�r� �a�n�d� �l�a�b�o�r� 

�f�o�r� �a�l�l� �h�o�u�s�e�h�o�l�d�s�.� 
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�5�.�2� �O�b�s�e�r�v�a�t�i�o�n�s� �o�n� �E�f�f�i�c�i�e�n�c�y� �i�n� �t�h�e� �S�m�a�l�l�h�o�l�d�e�r� �S�e�c�t�o�r� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �N�S�S�A�,� �f�e�r�t�i�l�i�z�e�r� �u�s�e�r�s� �c�o�n�s�t�i�t�u�t�e� �l�e�s�s� �t�h�a�n� �o�n�e�-�t�h�i�r�d� �o�f� 

�s�m�a�l�l�h�o�l�d�e�r� �f�a�r�m�e�r�s�.� �T�h�e� �f�e�r�t�i�l�i�z�e�r�-�m�a�i�z�e� �r�a�t�i�o� �i�n� �M�a�l�a�w�i� �i�s� �o�n�e� �o�f� �t�h�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� 

�w�o�r�l�d� �(�S�a�h�n� �e�t� �a�l�.�.� �1�9�9�0�)�.� �S�u�c�h� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �p�r�i�c�e�s� �f�o�r� �f�e�r�t�i�l�i�z�e�r� �m�a�y� �m�a�k�e� �i�t� 

�u�n�p�r�o�f�i�t�a�b�l�e� �f�o�r� �s�m�a�l�l�h�o�l�d�e�r�s� �c�u�l�t�i�v�a�t�i�n�g� �t�h�e� �m�o�s�t� �s�e�v�e�r�e�l�y� �d�e�p�l�e�t�e�d� �o�r� �m�a�r�g�i�n�a�l� �l�a�n�d� �t�o� 

�a�d�o�p�t� �t�h�i�s� �t�e�c�h�n�o�l�o�g�y� �b�e�c�a�u�s�e� �p�o�o�r� �s�o�i�l� �q�u�a�l�i�t�y� �s�u�p�p�r�e�s�s�e�s� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t�i�v�i�t�y�.� 

�R�e�c�e�n�t�l�y�.� �l�a�r�g�e� �d�e�v�a�l�u�a�t�i�o�n�s� �i�n� �t�h�e� �M�a�l�a�w�i� �K�w�a�c�h�a� �h�a�v�e� �c�o�u�n�t�e�r�a�c�t�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�e�x�p�a�n�d�e�d� �c�o�m�p�e�t�i�t�i�o�n� �i�n� �l�o�w�e�r�i�n�g� �f�e�r�t�i�l�i�z�e�r� �p�r�i�c�e�s�.� �T�h�u�s�,� �i�t� �w�o�u�l�d� �b�e� �w�o�r�t�h�w�h�i�l�e� �t�o� 

�e�x�a�m�i�n�e� �o�p�p�o�r�t�u�n�i�t�i�e�s� �t�o� �p�r�o�d�u�c�e� �f�e�r�t�i�l�i�z�e�r� �d�o�m�e�s�t�i�c�a�l�l�y�.� �I�f� �r�o�c�k�-� �n�i�t�r�a�t�e�s� �a�n�d� �p�h�o�s�p�h�a�t�e�s� 

�a�r�e� �e�x�p�e�n�s�i�v�e� �t�o� �i�m�p�o�r�t�,� �o�r�g�a�n�i�c� �f�e�r�t�i�l�i�z�e�r�s� �a�r�e� �a� �g�o�o�d� �o�p�t�i�o�n�.� 

�O�r�g�a�n�i�c� �f�e�r�t�i�l�i�z�e�r�s� �m�a�y� �b�e� �w�e�l�l� �s�u�i�t�e�d� �t�o� �t�h�e� �n�e�e�d�s� �o�f� �M�a�l�a�w�i�a�n� �f�a�r�m�e�r�s�,� �a�s� 

�i�n�t�e�n�s�i�v�e� �c�r�o�p�p�i�n�g� �h�a�s� �l�e�f�t� �s�o�i�l� �i�n� �m�a�n�y� �r�e�g�i�o�n�s� �d�e�p�l�e�t�e�d� �a�n�d� �i�n� �n�e�e�d� �o�f� �o�r�g�a�n�i�c�-�m�a�t�t�e�r�,� �a�s� 

�w�e�l�l� �a�s� �n�u�t�r�i�e�n�t�,� �s�u�p�p�l�e�m�e�n�t�s�.� �(�W�o�r�l�d� �B�a�n�k�,� �1�9�9�4�)� �L�a�n�d� �w�h�e�r�e� �h�y�b�r�i�d� �s�e�e�d�s� �h�a�v�e� �b�e�e�n� 

�a�d�o�p�t�e�d� �i�s� �m�u�c�h� �m�o�r�e� �p�r�o�d�u�c�t�i�v�e� �t�h�a�n� �l�a�n�d� �p�l�a�n�t�e�d� �w�i�t�h� �l�o�c�a�l� �v�a�r�i�e�t�i�e�s� �(�T�a�b�l�e� �5�.�1�)�.� 

�s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �s�o�i�l� �q�u�a�l�i�t�y� �m�a�y� �b�e� �a� �k�e�y� �i�s�s�u�e� �i�n� �a�d�o�p�t�i�o�n� �d�e�c�i�s�i�o�n�s�.� �W�h�e�r�e� �l�o�c�a�l� �m�a�i�z�e� 

�i�s� �g�r�o�w�n�,� �l�a�n�d� �p�r�o�d�u�c�t�i�v�i�t�y� �i�s� �v�e�r�y� �l�o�w� �o�r� �n�e�g�a�t�i�v�e�.� �T�h�e�r�e�f�o�r�e�,� �b�y� �i�m�p�r�o�v�i�n�g� �o�v�e�r�a�l�l� �s�o�i�l� 

�q�u�a�l�i�t�y�,� �t�h�e� �u�s�e� �o�f� �o�r�g�a�n�i�c� �f�e�r�t�i�l�i�z�e�r�s� �m�a�y� �e�n�c�o�u�r�a�g�e� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �h�y�b�r�i�d� �s�e�e�d�s� �i�n� 

�a�d�d�i�t�i�o�n� �t�o� �w�i�d�e�n�i�n�g� �a�c�c�e�s�s� �t�o� �f�e�r�t�i�l�i�z�e�r�.� �O�r�g�a�n�i�c�a�l�l�y� �b�a�s�e�d� �f�e�r�t�i�l�i�z�e�r�s� �a�r�e� �a�l�s�o� �l�e�s�s� �l�i�k�e�l�y� 

�t�o� �f�a�l�l� �p�r�e�y� �t�o� �l�e�a�c�h�i�n�g� �a�n�d� �r�u�n�o�f�f� �p�r�o�b�l�e�m�s� �d�u�r�i�n�g� �t�h�e� �h�e�a�v�y� �d�o�w�n�p�o�u�r�s� �o�f� �M�a�l�a�w�i ��s� 

�r�a�i�n�y� �s�e�a�s�o�n�.



�T�a�b�l�e� �5�.�1� 
�M�a�r�g�i�n�a�l� �P�r�o�d�u�c�t�s� �f�o�r� �S�m�a�l�l�h�o�l�d�e�r�s� �C�u�l�t�i�v�a�t�i�n�g� �M�a�i�z�e� 
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�M�e�a�n� 

�M�a�i�z�e� �N�i�t�r�o�g�e�n� �|� �G�e�n�d�e�r� �|�M�a�r�g�i�n�a�l� �P�r�o�d�u�c�t� 

�V�a�r�i�e�t�y� �|� �A�p�p�l�i�c�a�t�i�o�n�|� �C�a�t�e�g�o�r�y� �o�f� �L�a�n�d� 
�M�H�H� �5�9�7�0�.�7�6� 

�F�e�r�t�i�l�i�z�e�r� �|� �D�e� �F�a�c�t�o� �7�0�4�.�3�0� 

�H�y�b�r�i�d� �D�e� �J�u�r�e� �9�5�4�.�4�7� 

�M�a�i�z�e� �M�H�H� �9�0�6�.�2�3� 

�N�o� �F�e�r�t�i�l�i�z�e�r�]� �D�e� �F�a�c�t�o� �8�5�8�.�5�2� 

�D�e� �J�u�r�e� �6�2�5�.�3�0� 

�M�H�H� �-�6�.�8�6� 
�F�e�r�t�i�l�i�z�e�r� �|� �D�e� �F�a�c�t�o� �5�8�.�6�5� 

�L�o�c�a�l� �D�e� �J�u�r�e� �-�3�7�5�.�6�1�]� 

�M�a�i�z�e� �M�H�H� �-�1�4�7�.�3�3� 
�N�o� �F�e�r�t�i�l�i�z�e�r�]� �D�e� �F�a�c�t�o� �-�4�0�0�.�9�0� 

�D�e� �J�u�r�e� �-�8�.�2�]� � � � � � � 
� � 
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�M�o�d�e�l� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �i�t� �i�s� �i�m�p�e�r�a�t�i�v�e� �t�o� �d�e�v�e�l�o�p� �o�p�p�o�r�t�u�n�i�t�i�e�s� �f�o�r� �o�f�f�-�f�a�r�m� 

�e�m�p�l�o�y�m�e�n�t�.� �T�h�e� �e�x�t�r�e�m�e�l�y� �l�o�w� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �l�a�b�o�r� �f�o�r� �h�o�u�s�e�h�o�l�d�s� �g�r�o�w�i�n�g� �l�o�c�a�l� 

�m�a�i�z�e�.� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �w�h�o�m� �d�o� �n�o�t� �h�i�r�e� �f�i�e�l�d� �h�e�l�p�,� �c�l�e�a�r�l�y� �s�h�o�w�s� �t�h�e�r�e� �i�s�  ��e�x�c�e�s�s �� �l�a�b�o�r� 

�a�v�a�i�l�a�b�l�e� �o�n� �t�h�e�s�e� �f�a�r�m�s�.� �O�f�f�-�f�a�r�m� �e�m�p�l�o�y�m�e�n�t� �i�s� �i�m�p�o�r�t�a�n�t� �i�n� �r�u�r�a�l� �a�r�e�a�s� �f�o�r� �s�e�v�e�r�a�l� 

�r�e�a�s�o�n�s�.� �F�i�r�s�t�,� �f�o�o�d� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �l�i�g�h�t� �m�a�n�u�f�a�c�t�u�r�i�n�g� �i�n�d�u�s�t�r�i�e�s� �p�r�o�d�u�c�i�n�g� �f�o�r� �e�x�p�o�r�t� 

�c�o�u�l�d� �b�e�c�o�m�e� �a�n� �i�m�p�o�r�t�a�n�t� �s�o�u�r�c�e� �o�f� �f�o�r�e�i�g�n� �e�x�c�h�a�n�g�e�,� �a�c�t�i�n�g� �t�o� �d�i�m�i�n�i�s�h� �d�e�b�i�l�i�t�a�t�i�n�g� 

�f�o�r�e�i�g�n� �e�x�c�h�a�n�g�e� �s�h�o�r�t�a�g�e�s� �a�n�d� �a�c�t� �a�s� �a� �h�e�d�g�e� �a�g�a�i�n�s�t� �d�r�o�p�s� �i�n� �w�o�r�l�d� �t�o�b�a�c�c�o� �p�r�i�c�e�s�.� 

�S�e�c�o�n�d�,� �o�f�f�-�f�a�r�m� �e�m�p�l�o�y�m�e�n�t� �c�o�u�l�d� �p�r�o�v�i�d�e� �a� �m�e�a�n�s� �f�o�r� �t�h�e� �p�o�o�r�e�s�t� �h�o�u�s�e�h�o�l�d�s� �t�o� 

�s�u�p�p�l�e�m�e�n�t� �t�h�e�i�r� �i�n�c�o�m�e�s�,� �h�e�l�p�i�n�g� �t�o� �a�l�l�e�v�i�a�t�e� �p�o�v�e�r�t�y�.� �F�u�r�t�h�e�r�,� �w�a�g�e�s� �e�a�r�n�e�d� �w�o�u�l�d� 

�s�e�r�v�e� �a�s� �a� �r�e�l�i�a�b�l�e� �s�o�u�r�c�e� �o�f� �c�a�s�h� �t�o� �a�l�l�o�w� �f�a�r�m�e�r�s� �w�i�t�h� �t�h�e� �s�m�a�l�l�e�s�t� �l�a�n�d� �h�o�l�d�i�n�g�s� �t�o� 

�p�u�r�c�h�a�s�e� �f�e�r�t�i�l�i�z�e�r� �a�n�d� �h�y�b�r�i�d� �s�e�e�d�s� �o�r� �t�o� �q�u�a�l�i�f�y� �f�o�r� �c�r�e�d�i�t� �t�o� �p�u�r�c�h�a�s�e� �t�h�e�m�.� �T�h�e� �c�a�s�h� 

�f�l�o�w� �a�n�d� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �s�m�a�l�l�-�s�c�a�l�e� �e�n�t�e�r�p�r�i�s�e� �c�o�u�l�d� �e�v�e�n� �a�c�t� �a�s� �a� �c�a�t�a�l�y�s�t� �f�o�r� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �r�u�r�a�l� �f�i�n�a�n�c�i�a�l� �i�n�s�t�i�t�u�t�i�o�n�s�-�-� �r�e�s�u�l�t�s� �s�h�o�w� �t�h�a�t� �c�r�e�d�i�t� �a�v�a�i�l�a�b�i�l�i�t�y� �i�n�c�r�e�a�s�e�s� 

�a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�v�i�t�y�.� �I�n� �a� �c�o�u�n�t�r�y� �w�i�t�h� �s�e�v�e�r�e� �a�n�d� �g�r�o�w�i�n�g� �l�a�n�d� �s�c�a�r�c�i�t�y�,� �t�h�e�r�e� �m�u�s�t� 

�b�e� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �a�g�r�i�c�u�l�t�u�r�e� �f�o�r� �e�a�r�n�i�n�g� �a� �l�i�v�i�n�g� �i�n� �r�u�r�a�l� �a�r�e�a�s�.� 

�A� �f�e�a�r� �o�f� �f�o�o�d� �s�h�o�r�t�a�g�e�s� �m�a�y� �a�l�s�o� �c�o�m�p�e�l� �t�h�e� �u�s�e� �o�f� �e�x�t�r�a� �l�a�b�o�r� �a�s� �a� �s�e�c�u�r�i�t�y� 

�m�e�a�s�u�r�e� �i�n� �h�o�u�s�e�h�o�l�d� �m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n�.� �S�m�a�l�l�h�o�l�d�e�r�s� �m�a�y� �f�a�i�l� �t�h�e� �t�e�s�t� �f�o�r� �p�r�o�f�i�t� 

�m�a�x�i�m�i�z�a�t�i�o�n� �b�e�c�a�u�s�e� �t�h�a�t� �i�s� �n�o�t� �t�h�e�i�r� �m�a�i�n� �o�b�j�e�c�t�i�v�e�.� �T�h�e� �q�u�e�s�t� �f�o�r� �s�e�l�f�-�s�u�f�f�i�c�i�e�n�c�y� �i�n� 

�m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n� �p�o�s�s�i�b�l�y� �a�c�t�s� �a�s� �a� �c�o�n�s�t�r�a�i�n�t� �c�o�m�p�e�l�l�i�n�g� �e�x�c�e�s�s�i�v�e� �u�s�e� �o�f� �l�a�b�o�r� �i�n� �m�a�i�z�e� 

�c�u�l�t�i�v�a�t�i�o�n�.� �B�e�c�a�u�s�e� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �s�m�a�l�l�h�o�l�d�e�r�s� �p�r�o�d�u�c�e� �i�n� �m�a�i�z�e�-�d�e�f�i�c�i�t� �h�o�u�s�e�h�o�l�d�s�,� 

�t�h�i�s� �p�h�e�n�o�m�e�n�o�n� �c�o�u�l�d� �h�a�v�e� �a� �d�e�t�r�i�m�e�n�t�a�l� �e�f�f�e�c�t� �o�n� �o�v�e�r�a�l�l� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�v�i�t�y� �i�n� 
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�t�h�e� �M�a�l�a�w�i�a�n� �e�c�o�n�o�m�y�,� �c�h�a�n�n�e�l�i�n�g� �l�a�b�o�r� �r�e�s�o�u�r�c�e�s� �a�w�a�y� �f�r�o�m� �m�o�r�e� �p�r�o�d�u�c�t�i�v�e� 

�e�n�t�r�e�p�r�e�n�e�u�r�i�a�l� �a�c�t�i�v�i�t�i�e�s�.� �A�D�M�A�R�C� �p�o�l�i�c�i�e�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �1�9�7�0�s� �a�n�d� �1�9�8�0�s� 

�e�n�c�o�u�r�a�g�e�d� �f�a�r�m�e�r�s� �t�o� �b�e� �s�e�l�f�-�s�u�f�f�i�c�i�e�n�t� �i�n� �m�a�i�z�e� �p�r�o�d�u�c�t�i�o�n� �b�y� �s�u�p�p�r�e�s�s�i�n�g� �p�r�o�d�u�c�e�r� 

�p�r�i�c�e�s�.� �A�l�t�h�o�u�g�h� �s�t�r�u�c�t�u�r�a�l� �a�d�j�u�s�t�m�e�n�t� �p�r�o�g�r�a�m�s� �h�a�v�e� �d�i�s�c�o�u�r�a�g�e�d� �A�D�M�A�R�C ��s� �p�r�i�c�e�-� 

�d�i�s�t�o�r�t�i�n�g� �a�c�t�i�v�i�t�i�e�s� �s�i�n�c�e� �t�h�e� �m�i�d�-�1�9�8�0�s�,� �h�o�u�s�e�h�o�l�d�s� �t�h�a�t� �p�u�r�c�h�a�s�e�d� �m�a�i�z�e� �i�n� �1�9�9�3� �c�o�u�l�d� 

�e�x�p�e�c�t� �t�o� �p�a�y� �a�l�m�o�s�t� �d�o�u�b�l�e� �A�D�M�A�R�C ��s� �o�f�f�e�r�i�n�g� �p�r�i�c�e� �f�o�r� �p�r�o�d�u�c�e�r�s�.� 

�T�h�e� �r�e�c�e�n�t� �l�i�b�e�r�a�l�i�z�a�t�i�o�n� �i�n� �m�a�i�z�e� �m�a�r�k�e�t�i�n�g� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� �s�t�e�p� �i�n� �r�e�c�o�n�n�e�c�t�i�n�g� 

�c�o�n�s�u�m�e�r� �p�r�i�c�e�s� �w�i�t�h� �p�r�o�d�u�c�e�r� �c�o�s�t�s�,� �b�u�t� �a�t� �t�h�e� �m�o�m�e�n�t� �i�t� �i�s� �i�n�c�o�m�p�l�e�t�e� �d�u�e� �t�o� �h�i�g�h� 

�t�r�a�n�s�a�c�t�i�o�n�s� �c�o�s�t�s�.� �T�r�a�d�i�n�g� �d�u�r�i�n�g� �t�h�e� �1�9�9�2�-�9�3� �a�g�r�i�c�u�l�t�u�r�a�l� �y�e�a�r� �w�a�s� �r�e�s�t�r�i�c�t�e�d� �b�y� 

�l�i�c�e�n�s�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s � �� �a�n�d� �a� �p�o�o�r�l�y� �m�a�n�a�g�e�d� �s�t�a�t�e�-�o�w�n�e�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�n�g�l�o�m�e�r�a�t�e�.� 

�F�o�l�l�o�w�i�n�g� �l�i�b�e�r�a�l�i�z�a�t�i�o�n� �o�f� �m�a�i�z�e� �m�a�r�k�e�t�s� �u�n�d�e�r� �s�t�r�u�c�t�u�r�a�l� �a�d�j�u�s�t�m�e�n�t�,� �t�h�e� �h�i�g�h� �c�o�s�t�s� �o�f� 

�t�r�a�n�s�p�o�r�t� �h�a�v�e� �b�e�e�n� �p�a�s�s�e�d� �o�n� �b�y� �p�r�i�v�a�t�e� �t�r�a�d�e�r�s� �i�n� �t�h�e� �f�o�r�m� �o�f� �h�i�g�h�e�r� �p�r�i�c�e�s� �f�o�r� 

�s�m�a�l�l�h�o�l�d�e�r�s�.� �I�n� �s�o�m�e� �a�r�e�a�s�,� �t�r�a�n�s�p�o�r�t� �s�h�o�r�t�a�g�e�s� �p�r�e�v�e�n�t� �a�n�y� �m�a�r�k�e�t� �a�c�c�e�s�s� �a�t� �a�l�l� �f�o�r� 

�s�m�a�l�l� �f�a�r�m�e�r�s� �b�e�c�a�u�s�e� �t�r�a�n�s�p�o�r�t� �i�s� �s�o� �c�o�s�t�l�y� �d�u�e� �t�o� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �d�e�f�i�c�i�e�n�c�i�e�s� �a�n�d� 

�r�e�m�a�i�n�i�n�g� �i�n�f�o�r�m�a�l� �r�e�s�t�r�i�c�t�i�o�n�s� �t�o� �t�r�a�d�i�n�g�.� �R�e�d�u�c�i�n�g� �t�r�a�n�s�a�c�t�i�o�n�s� �c�o�s�t�s� �b�y� �i�n�c�r�e�a�s�i�n�g� 

�a�c�c�e�s�s� �t�o� �t�r�a�n�s�p�o�r�t� �1�s� �i�m�p�e�r�a�t�i�v�e� �t�o� �c�o�n�t�i�n�u�e� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �M�a�l�a�w�i ��s� �g�r�a�i�n� �m�a�r�k�e�t�s�.� 

�C�o�u�p�l�e�d� �w�i�t�h� �p�r�i�c�e� �l�i�b�e�r�a�l�i�z�a�t�i�o�n�,� �i�n�c�r�e�a�s�e�d� �a�c�c�e�s�s� �w�i�l�l� �a�l�l�o�w� �p�o�s�t�-�h�a�r�v�e�s�t� �p�r�i�c�e�s� �t�o� 

�r�e�f�l�e�c�t� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �s�t�o�r�a�g�e� �c�o�s�t�s�.� �B�e�t�t�e�r�-�f�u�n�c�t�i�o�n�i�n�g� �m�a�r�k�e�t�s� �w�i�l�l� �r�a�i�s�e� �s�m�a�l�l�h�o�l�d�e�r�s �� 

�c�o�n�f�i�d�e�n�c�e� �t�h�a�t� �i�f� �t�h�e�y� �d�o� �n�o�t� �s�t�o�r�e� �e�n�o�u�g�h� �g�r�a�i�n� �f�r�o�m� �t�h�e�i�r� �o�w�n� �f�i�e�l�d�s� �f�o�r� �h�o�u�s�e�h�o�l�d� 

�c�o�n�s�u�m�p�t�i�o�n� �t�h�e�y� �w�i�l�l� �n�o�t� �b�e� �a�b�l�e� �t�o� �p�u�r�c�h�a�s�e� �f�o�o�d� �i�n� �t�h�e� �m�a�r�k�e�t� �l�a�t�e�r� �i�n� �t�h�e� �s�e�a�s�o�n�.� 

� � 

�'� �T�h�e�s�e� �r�e�s�t�r�i�c�t�i�o�n�s� �h�a�v�e� �s�i�n�c�e� �b�e�e�n� �r�e�m�o�v�e�d�.� 
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�5�.�3� �W�h�y� �G�e�n�d�e�r� �M�i�g�h�t� �S�t�i�l�l� �B�e� �a�n� �I�m�p�o�r�t�a�n�t� �V�a�r�i�a�b�l�e� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �s�t�u�d�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e�r�e� �i�s� �l�i�t�t�l�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� 

�e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �m�a�l�e� �a�n�d� �f�e�m�a�l�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �k�e�y� �a�r�e�a�s� 

�w�h�e�r�e� �g�e�n�d�e�r� �p�o�t�e�n�t�i�a�l�l�y� �c�o�u�l�d� �m�a�k�e� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� �y�i�e�l�d�s� �t�h�a�t� �d�a�t�a� �l�i�m�i�t�a�t�i�o�n�s� �p�r�e�c�l�u�d�e� 

�d�e�t�e�c�t�i�n�g� �w�i�t�h� �t�h�e�s�e� �r�e�g�r�e�s�s�i�o�n� �m�o�d�e�l�s�.� �T�h�e� �f�i�r�s�t� �a�r�e�  ��h�i�d�d�e�n �� �c�o�n�s�t�r�a�i�n�t�s�:� �d�i�f�f�e�r�e�n�t�i�a�l� 

�s�o�i�l� �n�u�t�r�i�e�n�t�,� �c�a�s�h�,� �l�a�b�o�r�,� �a�n�d� �s�o�c�i�a�l� �r�e�s�o�u�r�c�e�s�.� �T�h�e� �e�x�i�s�t�e�n�c�e� �o�f�  ��h�i�d�d�e�n �� �c�o�n�s�t�r�a�i�n�t�s� �1�s� 

�o�b�v�i�o�u�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� �u�n�d�e�r�-�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �d�e� �j�u�r�e� �f�e�m�a�l�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s� �a�m�o�n�g� 

�h�y�b�r�i�d� �m�a�i�z�e� �g�r�o�w�e�r�s� �a�n�d� �f�e�r�t�i�l�i�z�e�r� �u�s�e�r�s�.� �T�h�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �d�o�e�s� �n�o�t� �e�n�c�o�m�p�a�s�s� 

�f�a�c�t�o�r�s� �s�u�c�h� �a�s� �o�f�f�-�f�a�r�m� �c�a�s�h� �i�n�c�o�m�e�.� �t�h�e� �l�a�c�k� �o�f� �w�h�i�c�h� �m�a�y� �p�r�e�v�e�n�t� �m�a�n�y� �w�o�m�e�n� �f�r�o�m� 

�p�u�r�c�h�a�s�i�n�g� �h�y�b�r�i�d� �s�e�e�d�s� �a�n�d� �f�e�r�t�i�l�i�z�e�r� �o�r� �f�r�o�m� �o�b�t�a�i�n�i�n�g� �s�e�a�s�o�n�a�l� �c�r�e�d�i�t� �n�e�c�e�s�s�a�r�y� �t�o� 

�p�u�r�c�h�a�s�e� �t�h�e�s�e� �i�n�p�u�t�s�.� �T�h�e� �r�e�s�u�l�t�s� �f�o�r� �f�a�r�m�e�r�s� �u�s�i�n�g� �f�e�r�t�i�l�i�z�e�r� �i�n�d�i�c�a�t�e� �t�h�a�t� �o�n�c�e� �a� �w�o�m�a�n� 

�o�v�e�r�c�o�m�e�s� �a� �c�a�s�h� �o�r� �c�r�e�d�i�t� �c�o�n�s�t�r�a�i�n�t�,� �s�h�e� �a�l�l�o�c�a�t�e�s� �f�e�r�t�i�l�i�z�e�r� �a�s� �w�e�l�l�,� �o�r� �p�o�o�r�l�y�,� �a�s� �h�e�r� 

�m�a�l�e� �p�e�e�r�s�.� 

�A�n�o�t�h�e�r� �f�a�c�t�o�r� �t�h�e� �m�o�d�e�l�s� �d�o� �n�o�t� �e�n�c�o�m�p�a�s�s� �i�s� �p�o�o�r� �s�o�i�l� �q�u�a�l�i�t�y�.� �T�h�i�s� �m�o�d�e�l� �d�o�e�s� 

�n�o�t� �c�o�n�t�a�i�n� �a� �v�a�r�i�a�b�l�e� �r�e�p�r�e�s�e�n�t�i�n�g� �s�o�i�l� �t�y�p�e� �o�r� �n�u�t�r�i�e�n�t� �c�o�n�t�e�n�t�.� �I�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�i�s� 

�e�f�f�e�c�t�s� �t�h�e� �a�n�a�l�y�s�i�s� �i�n� �t�w�o� �w�a�y�s�.� �F�i�r�s�t�,� �i�t� �m�a�y� �r�e�d�u�c�e� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� 

�t�h�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �f�e�r�t�i�l�i�z�e�r� �b�y� �a�l�l�o�w�i�n�g� �e�x�c�e�s�s�i�v�e� �u�n�e�x�p�l�a�i�n�e�d� �v�a�r�i�a�n�c�e� �i�n� �y�i�e�l�d� 

�r�e�s�p�o�n�s�e�s� �t�o� �f�e�r�t�i�l�i�z�e�r� �n�i�t�r�o�g�e�n�.� �T�h�e�r�e�f�o�r�e�,� �h�i�g�h�e�r� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t�s� �a�c�h�i�e�v�e�d� �d�u�e� �t�o� 

�m�o�r�e� �f�e�r�t�i�l�e� �s�o�i�l� �a�r�e� �n�o�t� �c�l�e�a�r�l�y� �a�p�p�a�r�e�n�t� �b�e�c�a�u�s�e� �t�h�i�s� �v�a�r�i�a�b�l�e� �i�s� �m�i�s�s�i�n�g�.� 

�U�n�d�e�r�e�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �y�i�e�l�d� �r�e�s�p�o�n�s�e� �t�o� �f�e�r�t�i�l�i�z�e�r� �c�o�u�l�d� �e�f�f�e�c�t� �t�h�e� �o�u�t�c�o�m�e�s� �o�f� �t�h�e� 
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�g�e�n�d�e�r�-�s�p�e�c�i�f�i�c� �t�e�s�t�s� �f�o�r� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�a�t�i�o�n� �b�e�c�a�u�s�e� �i�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �f�e�m�a�l�e�-�h�e�a�d�e�d� 

�h�o�u�s�e�h�o�l�d�s� �f�a�r�m� �l�a�n�d� �o�f� �p�o�o�r�e�r� �q�u�a�l�i�t�y� �t�h�a�n� �m�a�l�e�s�.� �J�u�s�t� �a�s� �w�o�m�e�n� �w�i�t�h� �s�m�a�l�l� 

�l�a�n�d�h�o�l�d�i�n�g�s� �o�f�t�e�n� �h�a�v�e� �d�i�f�f�i�c�u�l�t�y� �f�i�n�d�i�n�g� �h�u�s�b�a�n�d�s� �o�r� �h�a�v�e� �h�u�s�b�a�n�d�s� �w�h�o� �m�i�g�r�a�t�e� �i�n� 

�s�e�a�r�c�h� �o�f� �w�a�g�e� �l�a�b�o�r� �t�o� �s�u�p�p�l�e�m�e�n�t� �h�o�u�s�e�h�o�l�d� �i�n�c�o�m�e�,� �w�o�m�e�n� �p�o�s�s�e�s�s�i�n�g� �c�u�l�t�i�v�a�t�i�o�n� 

�r�i�g�h�t�s� �t�o� �l�a�n�d� �o�f� �m�a�r�g�i�n�a�l� �q�u�a�l�i�t�y� �m�a�y� �a�l�s�o� �h�a�v�e� �a� �g�r�e�a�t�e�r� �c�h�a�n�c�e� �o�f� �b�e�c�o�m�i�n�g� �h�o�u�s�e�h�o�l�d� 

�h�e�a�d�s�.� �P�o�o�r� �s�o�i�l� �q�u�a�l�i�t�y� �c�o�u�l�d� �b�o�t�h� �r�e�d�u�c�e� �y�i�e�l�d�s�,� �i�n�v�i�t�i�n�g� �p�o�v�e�r�t�y� �a�n�d� �m�a�l�n�u�t�r�i�t�i�o�n� �i�n�t�o� �a� 

�h�i�g�h�e�r� �p�r�o�p�o�r�t�i�o�n� �o�f� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�,� �a�n�d� �m�a�k�e� �f�e�r�t�i�l�i�z�e�r� �a�p�p�l�i�c�a�t�i�o�n�s� �l�e�s�s� 

�p�r�o�f�i�t�a�b�l�e�,� �a�s� �m�a�r�g�i�n�a�l� �l�a�n�d� �m�a�y� �r�e�q�u�i�r�e� �a�d�d�i�t�i�o�n�a�l� �a�p�p�l�i�c�a�t�i�o�n�s� �t�o� �y�i�e�l�d� �h�a�r�v�e�s�t�s� 

�c�o�m�p�a�r�a�b�l�e� �t�o� �m�o�r�e� �f�e�r�t�i�l�e� �h�o�l�d�i�n�g�s�.� 

�T�h�e�r�e� �a�r�e� �a�l�s�o� �s�o�m�e� �i�m�p�o�r�t�a�n�t� �v�a�g�a�r�i�e�s� �i�n� �t�h�e� �d�a�t�a� �u�s�e�d� �f�o�r� �f�e�r�t�i�l�i�z�e�r� �a�n�d� �l�a�b�o�r� 

�v�a�r�i�a�b�l�e�s� �t�h�a�t� �c�o�u�l�d� �b�r�i�n�g� �g�e�n�d�e�r�-�n�e�u�t�r�a�l� �f�e�r�t�i�l�i�z�e�r�-� �a�n�d� �l�a�b�o�r�-� �r�e�s�p�o�n�s�e� �r�a�t�e�s� �e�x�p�r�e�s�s�e�d� �i�n� 

�t�h�e� �r�e�g�r�e�s�s�i�o�n�s� �i�n�t�o� �q�u�e�s�t�i�o�n�.� �F�i�r�s�t�,� �s�o�m�e� �f�a�r�m�e�r�s� �m�a�y� �h�a�v�e� �c�o�n�f�u�s�e�d� �t�h�e� �s�u�r�v�e�y� 

�q�u�e�s�t�i�o�n�,�  ��H�o�w� �m�a�n�y� �b�a�g�s� �o�f� �f�e�r�t�i�l�i�z�e�r� �d�i�d� �y�o�u� �u�s�e� �o�n� �t�h�i�s� �p�l�o�t�? �� �w�i�t�h�  ��H�o�w� �m�a�n�y� �b�a�g�s� 

�o�f� �f�e�r�t�i�l�i�z�e�r� �d�i�d� �y�o�u� �u�s�e� �a�l�t�o�g�e�t�h�e�r�? �� �S�m�a�l�l�h�o�l�d�e�r�s� �s�u�r�v�e�y�e�d� �m�a�y� �n�o�t� �h�a�v�e� �t�h�e� �s�a�m�e� �i�d�e�a� 

�o�f� �t�h�e� �b�o�u�n�d�a�r�i�e�s� �o�f� �a�  ��p�l�o�t �� �a�s� �t�h�e� �s�u�r�v�e�y�o�r� �a�n�d� �a�n�s�w�e�r�e�d� �i�n� �r�e�f�e�r�e�n�c�e� �t�o� �a� �l�a�r�g�e�r� �a�r�e�a� �o�f� 

�l�a�n�d�,� �p�o�s�s�i�b�l�y� �i�n�f�l�a�t�i�n�g� �f�e�r�t�i�l�i�z�e�r� �u�s�a�g�e� �e�s�t�i�m�a�t�e�s�.� �A�s� �t�h�e� �s�u�r�v�e�y� �t�o�o�k� �p�l�a�c�e� �i�n� �t�h�e� �m�i�d�s�t� 

�o�f� �a�n� �e�l�e�c�t�i�o�n� �c�a�m�p�a�i�g�n�,� �m�a�n�y� �f�a�r�m�e�r�s� �w�e�r�e� �s�k�e�p�t�i�c�a�l� �t�h�a�t� �t�h�e� �s�u�r�v�e�y�o�r�s� �w�e�r�e� �a�g�e�n�t�s� �o�f� 

�t�h�e� �g�o�v�e�r�n�m�e�n�t�.� �T�h�e�y� �m�a�y� �h�a�v�e� �r�e�p�o�r�t�e�d� �a�p�p�l�y�i�n�g� �s�u�b�s�i�d�i�z�e�d� �f�e�r�t�i�l�i�z�e�r� �o�n� �t�h�e�i�r� �o�w�n� 

�m�a�i�z�e� �c�r�o�p�s� �w�h�e�n� �a�c�t�u�a�l�l�y� �i�t� �w�a�s� �s�o�l�d� �t�o� �n�e�a�r�b�y� �e�s�t�a�t�e�s� �o�r� �a�p�p�l�i�e�d� �t�o� �o�t�h�e�r� �c�r�o�p�s� �o�u�t� �o�f� 

�f�e�a�r� �o�f� �r�e�p�r�i�s�a�l�.� �A�l�l� �o�f� �t�h�e�s�e� �m�i�s�u�n�d�e�r�s�t�a�n�d�i�n�g�s� �c�o�u�l�d� �b�e� �m�u�c�h� �m�o�r�e� �c�o�m�m�o�n� �b�e�t�w�e�e�n� 

�f�e�m�a�l�e� �h�o�u�s�e�h�o�l�d� �h�e�a�d�s�,� �w�h�o� �a�r�e� �n�o�t� �s�o�c�i�a�l�i�z�e�d� �t�o� �i�n�t�e�r�a�c�t� �w�i�t�h� �s�t�r�a�n�g�e� �m�e�n� �f�r�e�e�l�y�,� �a�n�d� 
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�N�S�S�A� �e�n�u�m�e�r�a�t�o�r�s�,� �w�h�o� �a�r�e� �p�r�e�s�u�m�a�b�l�y� �a�l�l� �m�a�l�e�s�.� �H�e�n�c�e�,� �m�i�s�u�n�d�e�r�s�t�a�n�d�i�n�g� �b�e�t�w�e�e�n� 

�e�n�u�m�e�r�a�t�o�r�s� �a�n�d� �r�e�s�p�o�n�d�e�n�t�s� �c�o�u�l�d� �i�n�f�l�a�t�e� �f�e�r�t�i�l�i�z�e�r� �u�s�a�g�e� �e�s�t�i�m�a�t�e�s�,� �t�h�e�r�e�b�y� 

�u�n�d�e�r�e�s�t�i�m�a�t�i�n�g� �e�s�t�i�m�a�t�e�s� �o�f� �t�h�e� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �f�e�r�t�i�l�i�z�e�r� �d�i�s�p�r�o�p�o�r�t�i�o�n�a�t�e�l�y� �f�o�r� 

�f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� 

�T�h�e� �e�s�t�i�m�a�t�e� �o�f� �a�v�a�i�l�a�b�l�e� �l�a�b�o�r� �a�s� �t�h�e� �l�a�b�o�r� �i�n�p�u�t� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s� �a�l�s�o� 

�m�a�y� �b�e� �i�n�a�d�e�q�u�a�t�e� �t�o� �c�a�p�t�u�r�e� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �w�o�r�k� �i�n� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� �I�t� �i�s� 

�c�a�l�c�u�l�a�t�e�d� �a�s� �t�h�e� �s�u�m� �o�f� �a�v�a�i�l�a�b�l�e� �h�o�u�s�e�h�o�l�d� �l�a�b�o�r� �a�n�d� �h�i�r�e�d� �l�a�b�o�r�,� �m�i�n�u�s� �a�l�l� �r�e�p�o�r�t�e�d� 

�d�a�y�s� �o�f� �o�f�f�-�f�a�r�m� �e�m�p�l�o�y�m�e�n�t�.� �T�h�e� �e�s�t�i�m�a�t�e� �c�o�u�l�d� �i�n�a�d�v�e�r�t�e�n�t�l�y� �e�n�c�o�m�p�a�s�s� �t�i�m�e� �s�p�e�n�t� �o�n� 

�h�o�u�s�e�h�o�l�d� �c�h�o�r�e�s�,� �c�h�i�l�d�c�a�r�e�,� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �h�a�r�v�e�s�t�e�d� �m�a�i�z�e�-�-� �a�l�l� �o�f� �w�h�i�c�h� �w�o�u�l�d� 

�c�o�n�s�u�m�e� �a� �h�i�g�h�e�r� �p�r�o�p�o�r�t�i�o�n� �o�f� �h�o�u�s�e�h�o�l�d� �l�a�b�o�r� �i�n� �a� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�,� �a�s� �m�a�l�e�s� 

�d�o� �n�o�t� �g�e�n�e�r�a�l�l�y� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �s�u�c�h� �a�c�t�i�v�i�t�i�e�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �w�o�m�e�n� �i�n� �m�a�t�r�i�l�i�n�e�a�l� �s�o�c�i�e�t�i�e�s� 

�o�f�t�e�n� �s�p�e�n�d� �t�i�m�e� �h�e�l�p�i�n�g� �t�o� �w�o�r�k� �i�n� �t�h�e� �f�i�e�l�d�s� �o�f� �f�e�m�a�l�e� �r�e�l�a�t�i�v�e�s�,� �a�n� �o�b�l�i�g�a�t�i�o�n� �w�h�i�c�h� 

�m�a�l�e� �h�e�a�d�s� �o�f� �h�o�u�s�e�h�o�l�d� �m�a�y� �n�o�t� �h�a�v�e�.� �T�h�u�s�,� �t�h�e� �l�a�b�o�r� �v�a�r�i�a�b�l�e� �m�a�y� �o�v�e�r�e�s�t�i�m�a�t�e� �t�h�e� 

�a�m�o�u�n�t� �o�f� �l�a�b�o�r� �a�v�a�i�l�a�b�l�e� �i�n� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�,� �u�n�d�e�r�e�s�t�i�m�a�t�i�n�g� �t�h�e�i�r� �l�a�b�o�r� 

�p�r�o�d�u�c�t�i�v�i�t�y� �r�e�l�a�t�i�v�e� �t�o� �m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� 

�5�.�4� �O�p�p�o�r�t�u�n�i�t�i�e�s� �f�o�r� �F�u�r�t�h�e�r� �R�e�s�e�a�r�c�h� 

�T�h�e� �a�b�o�v�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �t�h�e� �m�o�d�e�l� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �p�r�e�s�e�n�t� �s�o�m�e� �i�n�t�r�i�g�u�i�n�g� 

�o�p�p�o�r�t�u�n�i�t�i�e�s� �f�o�r� �r�e�s�e�a�r�c�h� �t�o� �b�e�t�t�e�r� �a�s�c�e�r�t�a�i�n� �f�a�c�t�o�r�s� �l�i�m�i�t�i�n�g� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�i�v�i�t�y� �a�n�d� 

�i�n�p�u�t� �u�s�e� �i�n� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� �O�n�e� �a�p�p�r�o�a�c�h� �w�o�u�l�d� �b�e� �t�o� �s�i�m�p�l�y� �a�d�d� �s�o�i�l�-� 

�q�u�a�l�i�t�y� �v�a�r�i�a�b�l�e�s� �a�t� �t�h�e� �E�A� �l�e�v�e�l� �a�n�d� �a� �m�o�r�e� �l�o�c�a�l�i�z�e�d� �m�e�a�s�u�r�e� �o�f� �r�a�i�n�f�a�l�l� �t�o� �t�h�e� �c�u�r�r�e�n�t� 
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�m�o�d�e�l�. �� �T�h�e�s�e� �a�d�d�i�t�i�o�n�s� �c�o�u�l�d� �m�a�k�e� �y�i�e�l�d� �r�e�s�p�o�n�s�e� �e�s�t�i�m�a�t�e�s� �t�o� �f�e�r�t�i�l�i�z�e�r� �a�n�d� �l�a�b�o�r� 

�v�a�r�i�a�b�l�e�s� �i�n� �t�h�e� �e�s�t�i�m�a�t�e�d� �r�e�g�r�e�s�s�i�o�n�s� �m�o�r�e� �a�c�c�u�r�a�t�e�,� �p�e�r�h�a�p�s� �u�n�c�o�v�e�r�i�n�g� �a�n� �u�n�d�e�t�e�c�t�e�d� 

�p�a�t�t�e�r�n� �o�f� �g�e�n�d�e�r�-�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �i�n�p�u�t� �p�r�o�d�u�c�t�i�v�i�t�y� �o�r� �p�i�n�p�o�i�n�t�i�n�g� �p�o�o�r� �s�o�i�l� �q�u�a�l�i�t�y� �a�s� �a� 

�d�e�t�e�r�r�e�n�t� �t�o� �t�e�c�h�n�o�l�o�g�y� �a�d�o�p�t�i�o�n�.� 

�A� �s�t�u�d�y� �i�n�v�e�s�t�i�g�a�t�i�n�g� �s�o�i�l� �q�u�a�l�i�t�y� �a�n�d� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r� �w�o�u�l�d� �h�e�l�p� �d�e�t�e�r�m�i�n�e� 

�w�h�e�t�h�e�r� �p�o�o�r� �l�a�n�d� �i�s� �a� �f�a�c�t�o�r� �i�n� �t�h�e� �r�e�l�u�c�t�a�n�c�e� �o�r� �i�n�a�b�i�l�i�t�y� �o�f� �d�e� �j�u�r�e� �f�e�m�a�l�e�-�h�e�a�d�e�d� 

�h�o�u�s�e�h�o�l�d�s� �t�o� �a�p�p�l�y� �f�e�r�t�i�l�i�z�e�r� �a�n�d� �a�d�o�p�t� �h�y�b�r�i�d� �v�a�r�i�e�t�i�e�s�.� �R�e�s�e�a�r�c�h� �u�p� �t�o� �n�o�w� �h�a�s� 

�a�f�f�i�r�m�e�d� �t�h�a�t� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �h�a�v�e� �s�m�a�l�l�e�r� �h�o�l�d�i�n�g�s�,� �b�u�t� �h�a�s� �n�o�t� �d�i�s�c�u�s�s�e�d� �t�h�e� 

�p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �t�h�e� �s�m�a�l�l�e�r� �s�i�z�e� �m�a�y� �c�o�m�p�e�l� �t�h�e�m� �t�o� �d�e�p�l�e�t�e� �t�h�e�i�r� �s�o�i�l� �t�h�r�o�u�g�h� �i�n�t�e�n�s�i�v�e� 

�c�u�l�t�i�v�a�t�i�o�n� �m�o�r�e� �s�e�v�e�r�e�l�y� �t�h�a�n� �h�o�u�s�e�h�o�l�d�s� �h�e�a�d�e�d� �b�y� �m�a�l�e�s�,� �w�h�o� �a�r�e� �b�e�t�t�e�r� �a�b�l�e� �t�o� 

�s�u�p�p�l�e�m�e�n�t� �h�o�u�s�e�h�o�l�d� �p�r�o�d�u�c�t�i�o�n� �w�i�t�h� �o�f�f�-�f�a�r�m� �w�a�g�e� �e�a�r�n�i�n�g�s�.� �I�t� �i�s� �a�l�s�o� �p�o�s�s�i�b�l�e� �t�h�a�t� �a�s� 

�l�a�n�d� �g�r�o�w�s� �m�o�r�e� �s�c�a�r�c�e� �a�n�d� �i�n�c�r�e�a�s�i�n�g� �a�r�e�a�s� �o�f� �m�a�r�g�i�n�a�l� �l�a�n�d� �c�o�m�e� �u�n�d�e�r� �c�u�l�t�i�v�a�t�i�o�n�,� 

�w�o�m�e�n� �i�n�h�e�r�i�t�i�n�g� �t�h�i�s� �l�a�n�d� �m�a�y� �n�o�t� �b�e� �a�b�l�e� �t�o� �a�t�t�r�a�c�t� �h�u�s�b�a�n�d�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �n�u�m�b�e�r� �o�f� 

�h�o�u�s�e�h�o�l�d�s� �f�i�n�d�i�n�g� �1�t� �u�n�p�r�o�f�i�t�a�b�l�e� �o�r� �i�m�p�o�s�s�i�b�l�e� �t�o� �p�u�r�c�h�a�s�e� �f�e�r�t�i�l�i�z�e�r� �o�r� �i�m�p�r�o�v�e�d� �m�a�i�z�e� 

�v�a�r�i�e�t�i�e�s� �d�u�e� �t�o� �i�n�f�e�r�t�i�l�e� �s�o�i�l� �m�a�y� �b�e� �d�i�s�p�r�o�p�o�r�t�i�o�n�a�t�e�l�y� �f�e�m�a�l�e�-�h�e�a�d�e�d�.� �P�o�o�r� �l�a�n�d� �q�u�a�l�i�t�y� 

�c�o�u�l�d� �b�e� �a� �k�e�y� �f�a�c�t�o�r� �i�n� �t�h�e� �p�r�e�v�a�l�e�n�c�e� �o�f� �w�h�a�t� �H�i�r�s�c�h�m�a�n� �(�1�9�9�2�)� �c�a�l�l�s�  ��t�h�e� �f�e�m�i�n�i�z�a�t�i�o�n� 

�o�f� �p�o�v�e�r�t�y �� �1�n� �r�u�r�a�l� �M�a�l�a�w�i�.� 

�A� �m�o�r�e� �d�e�t�a�i�l�e�d�,� �s�m�a�l�l�-�s�c�a�l�e� �s�t�u�d�y� �o�f� �p�r�o�d�u�c�t�i�o�n� �a�t� �t�h�e� �h�o�u�s�e�h�o�l�d� �l�e�v�e�l� �w�o�u�l�d� 

�a�l�s�o� �b�e� �a� �u�s�e�f�u�l� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �o�n� �M�a�l�a�w�i�a�n� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� 

�U�s�i�n�g� �t�h�e� �c�u�r�r�e�n�t� �m�o�d�e�l�,� �b�u�t� �a� �m�o�r�e� �d�e�t�a�i�l�e�d� �s�u�r�v�e�y�,� �p�r�e�c�i�s�e� �d�a�t�a� �o�n� �l�a�b�o�r�,� �f�e�r�t�i�l�i�z�e�r� 

� � 

�* �� �A�d�d�i�n�g� �s�o�i�l� �q�u�a�l�i�t�y� �a�n�d� �r�a�i�n�f�a�l�l� �v�a�r�i�a�b�l�e�s� �t�o� �s�u�r�v�e�y� �f�o�r�m�s� �i�n� �t�h�e� �n�e�x�t� �N�S�S�A� �m�a�y� �f�a�c�i�l�i�t�a�t�e� �m�o�r�e� �a�c�c�u�r�a�t�e� 
�s�t�u�d�i�e�s� �o�f� �t�h�e� �s�m�a�l�l�h�o�l�d�e�r� �s�e�c�t�o�r� �i�n� �t�h�e� �f�u�t�u�r�e�.� 
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�n�i�t�r�o�g�e�n�,� �m�a�n�u�r�e�,� �e�x�t�e�n�s�i�o�n� �s�u�p�p�o�r�t�,� �a�n�d� �c�r�e�d�i�t� �u�s�a�g�e� �c�o�u�l�d� �b�e� �u�s�e�d� �t�o� �o�b�t�a�i�n� �m�o�r�e� 

�a�c�c�u�r�a�t�e� �r�e�s�u�l�t�s�.� �I�f� �s�u�c�h� �a�n� �e�f�f�o�r�t� �i�n�c�l�u�d�e�d� �v�i�l�l�a�g�e�s� �i�n� �a�l�l� �t�h�r�e�e� �r�e�g�i�o�n�s� �o�f� �t�h�e� �c�o�u�n�t�r�y�,� �i�t� 

�w�o�u�l�d� �a�l�s�o� �b�e� �u�s�e�f�u�l� �t�o� �e�x�a�m�i�n�e� �h�o�w� �c�u�l�t�u�r�a�l� �p�r�a�c�t�i�c�e�s� �h�e�l�p� �o�r� �h�u�r�t� �p�r�o�d�u�c�t�i�o�n� �i�n� �f�e�m�a�l�e�-� 

�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �i�s� �t�h�e�r�e� �m�o�r�e� �o�f� �a� �s�t�i�g�m�a� �a�m�o�n�g� �t�h�e� �M�o�s�l�e�m� �T�u�m�b�u�k�a� 

�t�h�a�n� �a�m�o�n�g� �t�h�e� �m�a�t�r�i�l�o�c�a�l� �C�h�e�w�a� �a�n�d� �Y�a�o� �t�h�a�t� �d�i�s�c�o�u�r�a�g�e�s� �f�e�m�a�l�e�s� �f�r�o�m� �r�e�c�e�i�v�i�n�g� 

�e�x�t�e�n�s�i�o�n� �t�r�a�i�n�i�n�g� �f�r�o�m� �m�a�l�e� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s�?� �A�r�e� �c�h�i�l�d�r�e�n� �o�r� �r�e�l�a�t�i�v�e�s� �w�i�t�h�i�n� �c�e�r�t�a�i�n� 

�c�u�l�t�u�r�e�s� �m�o�r�e� �a�p�t� �t�o� �h�e�l�p� �w�i�t�h� �f�i�e�l�d�w�o�r�k� �o�r� �h�o�u�s�e�h�o�l�d� �d�u�t�i�e�s� �w�h�e�n� �a� �f�e�m�a�l�e� �h�o�u�s�e�h�o�l�d� 

�h�e�a�d� �e�x�p�e�r�i�e�n�c�e�s� �l�a�b�o�r� �s�h�o�r�t�a�g�e�s�?� �P�e�r�h�a�p�s� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �t�o� �t�h�e� �w�e�l�l�-�b�e�i�n�g� �o�f� �a� �f�e�m�a�l�e�-� 

�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d� �i�s� �t�h�e� �q�u�e�s�t�i�o�n� �o�f� �w�h�e�t�h�e�r� �w�o�m�e�n� �i�n� �c�e�r�t�a�i�n� �a�r�e�a�s� �a�r�e� �d�i�s�c�o�u�r�a�g�e�d� �f�r�o�m� 

�e�n�t�r�e�p�r�e�n�e�u�r�i�a�l� �e�n�d�e�a�v�o�r�s� �m�o�r�e� �t�h�a�n� �o�t�h�e�r�s� �o�r� �i�f� �e�m�p�l�o�y�e�r�s� �o�f� �c�e�r�t�a�i�n� �c�u�l�t�u�r�a�l� 

�b�a�c�k�g�r�o�u�n�d�s� �a�r�e� �l�e�s�s� �l�i�k�e�l�y� �t�o� �h�i�r�e� �w�o�m�e�n� �a�n�d� �p�a�y� �f�a�i�r� �w�a�g�e�s�.� �C�u�l�t�u�r�a�l� �p�r�a�c�t�i�c�e�s� �a�n�d� 

�v�a�r�i�a�t�i�o�n�s� �i�n� �c�u�l�t�u�r�a�l� �p�r�a�c�t�i�c�e�s� �w�i�t�h�i�n� �M�a�l�a�w�i� �a�r�e� �l�a�r�g�e�l�y� �o�v�e�r�l�o�o�k�e�d� �w�h�e�n� �e�x�a�m�i�n�i�n�g� 

�e�c�o�n�o�m�i�c� �r�e�a�s�o�n�s� �f�o�r� �t�h�e� �o�v�e�r�-�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �w�o�m�e�n� �a�m�o�n�g� �M�a�l�a�w�i ��s� �p�o�o�r�.� 

�5�.�5� �C�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �T�h�i�s� �S�t�u�d�y� 

�T�h�e� �m�o�d�e�l� �p�r�e�s�e�n�t�e�d� �h�e�r�e� �o�f�f�e�r�s� �a� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �t�h�e� �u�s�e� �o�f� �p�r�o�d�u�c�t�i�o�n� �e�c�o�n�o�m�i�c�s� 

�a�s� �a� �f�i�r�s�t� �a�t�t�e�m�p�t� �t�o� �i�n�t�e�g�r�a�t�e� �t�h�e� �e�c�o�n�o�m�i�c� �d�y�n�a�m�i�c�s� �o�f� �g�e�n�d�e�r� �i�n�t�o� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�a�t�i�o�n�.� 

�T�h�e� �e�m�p�i�r�i�c�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�t�u�d�y� �i�s� �l�i�m�i�t�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �p�r�e�c�i�s�i�o�n� �o�f� �l�a�b�o�r� �a�n�d� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �v�a�r�i�a�b�l�e�s� �u�s�e�d� �a�n�d� �i�t�s� �h�o�m�o�g�e�n�e�o�u�s� �t�r�e�a�t�m�e�n�t� �o�f� �h�o�u�s�e�h�o�l�d�s� �f�r�o�m� 

�d�i�f�f�e�r�e�n�t� �c�u�l�t�u�r�a�l� �r�e�g�i�o�n�s�.� �H�o�w�e�v�e�r�,� �i�t� �s�u�g�g�e�s�t�s� �a� �n�e�w� �m�e�t�h�o�d� �t�o� �e�x�a�m�i�n�e� �d�i�f�f�e�r�e�n�t� 

�s�o�c�i�o�e�c�o�n�o�m�i�c� �g�r�o�u�p�s �� �h�e�r�e� �d�e�f�i�n�e�d� �b�y� �h�e�a�d�s�h�i�p� �g�e�n�d�e�r �� �w�i�t�h�i�n� �t�h�e� �f�r�a�m�e�w�o�r�k� �o�f� 
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�p�r�o�d�u�c�t�i�o�n� �t�h�e�o�r�y� �a�n�d� �p�r�e�s�e�n�t�s� �a�n� �e�x�a�m�p�l�e� �o�f� �a�n� �e�m�p�i�r�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �m�o�d�e�l�.� �A�s� 

�a�n� �u�p�d�a�t�e�d� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �c�o�n�d�i�t�i�o�n� �o�f� �f�e�m�a�l�e�-�h�e�a�d�e�d� �h�o�u�s�e�h�o�l�d�s� �i�n� �M�a�l�a�w�i�,� �t�h�i�s� 

�p�a�p�e�r� �i�s� �a�l�s�o� �a� �u�s�e�f�u�l� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �o�n� �A�f�r�i�c�a�n� �w�o�m�e�n� �f�a�r�m�e�r�s�,� �w�h�i�c�h� �i�s� 

�i�m�p�o�r�t�a�n�t� �t�o� �u�n�d�e�r�s�t�a�n�d�i�n�g� �i�s�s�u�e�s� �o�f� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �f�o�o�d� �s�e�c�u�r�i�t�y� �i�n� �t�h�e� �r�e�g�i�o�n�.� 
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�W�O�R�K�S� �C�I�T�E�D� 

�B�e�a�t�t�i�e�,� �B�r�u�c�e� �R�.� �a�n�d� �C�.� �R�o�b�e�r�t� �T�a�y�l�o�r�.� �T�h�e� �E�c�o�n�o�m�i�c�s� �o�f� �P�r�o�d�u�c�t�i�o�n�.� �M�a�l�a�b�a�r�,� 
�F�l�o�r�i�d�a�:� �K�r�i�e�g�e�r� �P�u�b�l�i�s�h�i�n�g� �C�o�m�p�a�n�y�,� �1�9�9�3�.� 

�B�e�r�m�a�n�,� �J�e�r�e� �R�.�  ��T�h�e� �E�c�o�n�o�m�i�c� �R�a�t�i�o�n�a�l�e� �f�o�r� �I�n�v�e�s�t�i�n�g� �i�n� �N�u�t�r�i�t�i�o�n� �i�n� �D�e�v�e�l�o�p�i�n�g� 
�C�o�u�n�t�r�i�e�s�. �� �W�o�r�l�d� �D�e�v�e�l�o�p�m�e�n�t�.� �N�o�v�e�m�b�e�r�,� �1�9�9�3�.� �p�p�.�1�7�4�9�-�1�7�7�1�.� 

�B�r�a�v�o�-�U�r�e�t�a�,� �B�o�r�i�s� �E�.� �a�n�d� �A�n�t�o�n�i�o� �E�.� �P�i�n�h�e�i�r�o�.�  ��E�f�f�i�c�i�e�n�c�y� �A�n�a�l�y�s�i�s� �o�f� �D�e�v�e�l�o�p�i�n�g� 
�C�o�u�n�t�r�y� �A�g�r�i�c�u�l�t�u�r�e�:� �A� �R�e�v�i�e�w� �o�f� �t�h�e� �F�r�o�n�t�i�e�r� �P�r�o�d�u�c�t�i�o�n� �L�i�t�e�r�a�t�u�r�e�. �� 
�A�g�r�i�c�u�l�t�u�r�a�l� �a�n�d� �R�e�s�o�u�r�c�e� �E�c�o�n�o�m�i�c� �R�e�v�i�e�w�.� �A�p�r�i�l� �1�9�9�3�,� �p�p�.�8�8�-�1�0�1�.� 

�C�a�r�r�,� �M�a�r�y�l�i�n�.� �W�o�m�e�n� �a�n�d� �F�o�o�d� �S�e�c�u�r�i�t�y�:� �T�h�e� �E�x�p�e�r�i�e�n�c�e� �o�f� �t�h�e� �S�A�D�C�C� �C�o�u�n�t�r�i�e�s�.� 
�L�o�n�d�o�n�:� �I�T� �P�u�b�l�i�c�a�t�i�o�n�s�,� �1�9�9�1�.� 

�C�h�i�a�n�g�,� �A�l�p�h�a� �C�.� �F�u�n�d�a�m�e�n�t�a�l� �M�e�t�h�o�d�s� �o�f� �M�a�t�h�e�m�a�t�i�c�a�l� �E�c�o�n�o�m�i�c�s�.� �N�e�w� �Y�o�r�k�:� 
�M�c�G�r�a�w�-�H�i�l�l� �B�o�o�k� �C�o�m�p�a�n�y�,� �1�9�8�4�,� �3�r�d� �e�d�.� 

�C�h�r�i�s�t�i�a�n�s�e�n�,� �R�o�b�e�r�t� �E�.� �a�n�d� �J�o�n�a�t�h�a�n� �K�y�d�d�.�  ��S�t�r�u�c�t�u�r�a�l� �C�h�a�n�g�e� �i�n� �M�a�l�a�w�i� �S�i�n�c�e� 
�I�n�d�e�p�e�n�d�e�n�c�e�:� �C�o�n�s�e�q�u�e�n�c�e�s� �o�f� �a� �D�e�v�e�l�o�p�m�e�n�t� �S�t�r�a�t�e�g�y� �B�a�s�e�d� �o�n� �L�a�r�g�e�-�S�c�a�l�e� 
�A�g�r�i�c�u�l�t�u�r�e�. �� �W�o�r�l�d� �D�e�v�e�l�o�p�m�e�n�t�.� �A�p�r�i�l�,� �1�9�8�2�,� �p�p�.�3�5�5�-�3�7�5�.� 

�C�h�r�i�s�t�i�a�n�s�e�n�,� �R�o�b�e�r�t� �E�.� �a�n�d� �L�e�e� �A�n�n� �S�t�a�c�k�h�o�u�s�e�.�  ��T�h�e� �P�r�i�v�a�t�i�z�a�t�i�o�n� �o�f� �A�g�r�i�c�u�l�t�u�r�a�l� 
�T�r�a�d�i�n�g� �i�n� �M�a�l�a�w�i�. �� �W�o�r�l�d� �D�e�v�e�l�o�p�m�e�n�t�.� �M�a�y� �1�9�8�9�,� �p�p�.�7�2�9�-�7�4�1�.� 

�C�r�o�m�w�e�l�l�,� �E�l�i�z�a�b�e�t�h�.�  ��M�a�l�a�w�i�. �� �i�n� �S�t�r�u�c�t�u�r�a�l� �A�d�j�u�s�t�m�e�n�t� �a�n�d� �t�h�e� �A�f�r�i�c�a�n� �F�a�r�m�e�r�.� �e�d�s�.� 
�A�l�e�x� �D�u�n�c�a�n� �a�n�d� �J�o�h�n� �H�o�w�e�l�l�.� �L�o�n�d�o�n�:� �O�v�e�r�s�e�a�s� �D�e�v�e�l�o�p�m�e�n�t� �I�n�s�t�i�t�u�t�e�,� �1�9�9�2�.� 

�D �� �A�g�o�s�t�i�n�o�,� �R�a�l�p�h� �B�.�,� �A�l�b�e�r�t� �B�e�l�a�n�g�e�r�,� �a�n�d� �R�a�l�p�h� �B�.� �D �� �A�g�o�s�t�i�n�o�,� �J�r�.�  ��A� �S�u�g�g�e�s�t�i�o�n� �f�o�r� 
�U�s�i�n�g� �P�o�w�e�r�f�u�l� �T�e�s�t�s� �o�f� �N�o�r�m�a�l�i�t�y�. �� �T�h�e� �A�m�e�r�i�c�a�n� �S�t�a�t�i�s�t�i�c�i�a�n�.� �N�o�v�e�m�b�e�r� �1�9�9�0�,� 
�p�p�.�3�1�6�-�3�2�1�.� 

�D�a�w�s�o�n�,� �P�.�J�.�  ��M�e�a�s�u�r�i�n�g� �T�e�c�h�n�i�c�a�l� �E�f�f�i�c�i�e�n�c�y� �f�o�r�m� �P�r�o�d�u�c�t�i�o�n� �F�u�n�c�t�i�o�n�s�:� �S�o�m�e� 
�F�u�r�t�h�e�r� �E�s�t�i�m�a�t�e�s�. �� �J�o�u�r�n�a�l� �o�f� �A�g�r�i�c�u�l�t�u�r�a�l� �E�c�o�n�o�m�i�c�s�.� �J�a�n�u�a�r�y� �1�9�8�5�,� �p�p�.�3�1�-�4�0�.� 

�D�e�y�,� �J�e�n�n�i�e�.� �W�o�m�e�n� �i�n� �F�o�o�d� �P�r�o�d�u�c�t�i�o�n� �a�n�d� �F�o�o�d� �S�e�c�u�r�i�t�y� �i�n� �A�f�r�i�c�a�.� �R�o�m�e�:� �F�o�o�d� �a�n�d� 
�A�g�r�i�c�u�l�t�u�r�a�l� �O�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �U�n�i�t�e�d� �N�a�t�i�o�n�s�,� �1�9�8�4�.� 

�D�r�i�s�c�o�l�l�,� �P�a�u�l� �J�.�  ��W�h�e�n� �F�l�e�x�i�b�l�e� �F�o�r�m�s� �A�r�e� �A�s�k�e�d� �t�o� �F�l�e�x� �T�o�o� �M�u�c�h�. �� �J�o�u�r�n�a�l� �o�f� 
�A�g�r�i�c�u�l�t�u�r�a�l� �a�n�d� �R�e�s�o�u�r�c�e� �E�c�o�n�o�m�i�c�s�.� �J�a�n�u�a�r�y� �1�9�9�4�,� �p�p�.�1�8�3�-�1�9�6�.� 
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�D�u�e�,� �J�e�a�n� �M�.�  ��P�o�l�i�c�i�e�s� �t�o� �O�v�e�r�c�o�m�e� �t�h�e� �N�e�g�a�t�i�v�e� �E�f�f�e�c�t�s� �o�f� �S�t�r�u�c�t�u�r�a�l� �A�d�j�u�s�t�m�e�n�t� 
�P�r�o�g�r�a�m�s� �o�n� �A�f�r�i�c�a�n� �F�e�m�a�l�e�-�H�e�a�d�e�d� �H�o�u�s�e�h�o�l�d�s�. �� �i�n� �S�t�r�u�c�t�u�r�a�l� �A�d�j�u�s�t�m�e�n�t� �a�n�d� 
�A�f�r�i�c�a�n� �W�o�m�e�n� �F�a�r�m�e�r�s�.� �e�d�.� �C�h�r�i�s�t�i�n�a� �G�l�a�d�w�i�n�.� �G�a�i�n�s�v�i�l�l�e�,� �F�L�:� �U�n�i�v�e�r�s�i�t�y� �o�f� 
�F�l�o�r�i�d�a� �P�r�e�s�s�,� �1�9�9�1�.� 

�E�c�o�n�o�m�i�s�t� �I�n�t�e�l�l�i�g�e�n�c�e� �U�n�i�t� �(�E�I�U�)�.� �C�o�u�n�t�r�y� �R�e�p�o�r�t�:� �M�o�z�a�m�b�i�q�u�e� �a�n�d� �M�a�l�a�w�i�.� �1�9�9�4�l�I�-� 
�1�9�9�6�I�.� 

�E�n�g�b�e�r�g�,� �L�i�l�a� �E�.�,� �J�e�a�n� �H�.� �S�a�b�r�y�,� �a�n�d� �S�u�s�a�n� �A�.� �B�e�c�k�e�r�s�o�n�.�  ��A� �C�o�m�p�a�r�i�s�o�n� �o�f� �R�u�r�a�l� 
�W�o�m�e�n ��s� �T�i�m�e� �U�s�e� �a�n�d� �N�u�t�r�i�t�i�o�n�a�l� �C�o�n�s�e�q�u�e�n�c�e�s� �i�n� �T�w�o� �V�i�l�l�a�g�e�s� �i�n� �M�a�l�a�w�i�. �� 
�i�n� �G�e�n�d�e�r� �I�s�s�u�e�s� �i�n� �F�a�r�m�i�n�g� �S�y�s�t�e�m�s� �R�e�s�e�a�r�c�h� �a�n�d� �E�x�t�e�n�s�i�o�n�.� �e�d�s�.� �S�u�s�a�n� �P�o�a�t�s�,� 
�M�a�r�i�a�n�n�e� �S�c�h�m�i�n�k�,� �a�n�d� �A�n�i�t�a� �S�p�r�i�n�g�.� �B�o�u�l�d�e�r�:� �W�e�s�t�v�i�e�w� �P�r�e�s�s�,� �1�9�8�8�.� �p�p�.�9�9�-� 
�1�1�0�.� 

�F�e�r�g�u�s�o�n�,� �A�n�n�e� �E�.�,� �A�n�n� �V�.� �M�i�l�l�a�r�d�,� �a�n�d� �S�t�a�n�l�e�y� �K�h�a�i�l�a�.�  ��C�r�o�p� �I�m�p�r�o�v�e�m�e�n�t� �P�r�o�g�r�a�m�s� 
�a�n�d� �N�u�t�r�i�t�i�o�n� �i�n� �M�a�l�a�w�i�:� �E�x�p�l�o�r�i�n�g� �t�h�e� �L�i�n�k�s�. �� �F�o�o�d� �a�n�d� �N�u�t�r�i�t�i�o�n� �B�u�l�l�e�t�i�n�.� 
�v�o�l�.� �1�2�,� �n�o�.� �4� �1�9�9�0�,� �p�p�.�2�7�3�-�2�7�8�.� 

�G�l�a�d�w�i�n�,� �C�h�r�i�s�t�i�n�a� �H�.�  ��G�e�n�d�e�r�e�d� �I�m�p�a�c�t�s� �o�f� �F�e�r�t�i�l�i�z�e�r� �S�u�b�s�i�d�y� �R�e�m�o�v�a�l� �i�n� �M�a�l�a�w�i� �a�n�d� 
�C�a�m�e�r�o�o�n�. �� �A�g�r�i�c�u�l�t�u�r�a�l� �E�c�o�n�o�m�i�c�s�.� �J�u�l�y� �1�9�9�2�,� �p�p�.� �1�4�1�-�1�5�3�.� 

�H�a�n�s�e�n�,� �A�r�t�.�  ��C�o�r�r�e�c�t�i�n�g� �t�h�e� �U�n�d�e�r�e�s�t�i�m�a�t�e�d� �F�r�e�q�u�e�n�c�y� �o�f� �H�e�a�d�-�o�f�-�H�o�u�s�e�h�o�l�d� 
�E�x�p�e�r�i�e�n�c�e� �f�o�r� �W�o�m�e�n� �F�a�r�m�e�r�s�. �� �i�n� �G�e�n�d�e�r� �I�s�s�u�e�s� �i�n� �F�a�r�m�i�n�g� �S�y�s�t�e�m�s� �R�e�s�e�a�r�c�h� 
�a�n�d� �E�x�t�e�n�s�i�o�n�.� �e�d�s�.� �S�u�s�a�n� �P�o�a�t�s�,� �M�a�r�i�a�n�n�e� �S�c�h�m�i�n�k�,� �a�n�d� �A�n�i�t�a� �S�p�r�i�n�g�.� �B�o�u�l�d�e�r�:� 
�W�e�s�t�v�i�e�w� �P�r�e�s�s�,� �1�9�8�8�.� �p�p�.�9�9�-�1�1�0�.� 

�H�i�r�s�c�h�m�a�n�n�,� �D�a�v�i�d�.�  ��M�a�l�a�w�i ��s�  ��C�a�p�t�u�r�e�d �� �P�e�a�s�a�n�t�r�y�:� �A�n� �E�m�p�i�r�i�c�a�l� �A�n�a�l�y�s�i�s�. �� �T�h�e� 
�J�o�u�r�n�a�l� �o�f� �D�e�v�e�l�o�p�i�n�g� �A�r�e�a�s�.� �J�u�l�y� �1�9�9�0�,� �p�p�.� �4�6�7�-�4�8�8�.� 

�K�e�n�n�e�d�y�,� �E�i�l�e�e�n� �a�n�d� �P�a�u�l�i�n�e� �P�e�t�e�r�s�.�  ��H�o�u�s�e�h�o�l�d� �F�o�o�d� �S�e�c�u�r�i�t�y� �a�n�d� �C�h�i�l�d� �N�u�t�r�i�t�i�o�n�:� 
�T�h�e� �I�n�t�e�r�a�c�t�i�o�n� �o�f� �I�n�c�o�m�e� �a�n�d� �G�e�n�d�e�r� �o�f� �H�o�u�s�e�h�o�l�d� �H�e�a�d�. �� �W�o�r�l�d� 
�D�e�v�e�l�o�p�m�e�n�t�.� �A�u�g�u�s�t� �1�9�9�2�,� �p�p�.� �1�0�7�7�-�1�0�8�5�.� 

�K�h�a�i�l�a�,� �S�t�a�n�l�e�y�.� �D�i�r�e�c�t�o�r� �o�f� �t�h�e� �C�e�n�t�e�r� �f�o�r� �S�o�c�i�a�l� �R�e�s�e�a�r�c�h� �i�n� �M�a�l�a�w�i�.� �S�e�m�i�n�a�r� �a�t� 
�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� �1� �N�o�v�e�m�b�e�r� �1�9�9�5�.� 

�K�i�d�a�n�e�,� �A�s�m�e�r�o�m� �a�n�d� �D�a�v�i�d� �G�.� �A�b�l�e�r�.�  ��P�r�o�d�u�c�t�i�o�n� �T�e�c�h�n�o�l�o�g�i�e�s� �i�n� �E�t�h�i�o�p�i�a�n� 
�A�g�r�i�c�u�l�t�u�r�e�. �� �A�g�r�i�c�u�l�t�u�r�a�l� �E�c�o�n�o�m�i�c�s�.� �O�c�t�o�b�e�r� �1�9�9�4�,� �p�p�.�1�7�9�-�1�9�1�.� 
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�K�u�m�b�h�a�k�a�r�,� �S�u�b�a�l� �C�.�  ��E�f�f�i�c�i�e�n�c�y� �E�s�t�i�m�a�t�i�o�n� �i�n� �a� �P�r�o�f�i�t� �M�a�x�i�m�i�s�i�n�g� �M�o�d�e�l� �U�s�i�n�g� 
�F�l�e�x�i�b�l�e� �P�r�o�d�u�c�t�i�o�n� �F�u�n�c�t�i�o�n�. �� �A�g�r�i�c�u�l�t�u�r�a�l� �E�c�o�n�o�m�i�c�s�.� �O�c�t�o�b�e�r� �1�9�9�4�,� �p�p�.�1�4�3�-� 
�1�5�2�.� 

�L�e�l�e�,� �U�m�a�.�  ��W�o�m�e�n�,� �S�t�r�u�c�t�u�r�a�l� �A�d�j�u�s�t�m�e�n�t�,� �a�n�d� �T�r�a�n�s�f�o�r�m�a�t�i�o�n�:� �S�o�m�e� �L�e�s�s�o�n�s� �a�n�d� 
�Q�u�e�s�t�i�o�n�s� �f�r�o�m� �t�h�e� �A�f�r�i�c�a�n� �E�x�p�e�r�i�e�n�c�e�. �� �i�n� �S�t�r�u�c�t�u�r�a�l� �A�d�j�u�s�t�m�e�n�t� �a�n�d� �A�f�r�i�c�a�n� 
�W�o�m�e�n� �F�a�r�m�e�r�s�.� �e�d�.� �C�h�r�i�s�t�i�n�a� �G�l�a�d�w�i�n�.� �G�a�i�n�s�v�i�l�l�e�,� �F�L�:� �U�n�i�v�e�r�s�i�t�y� �o�f� �F�l�o�r�i�d�a� 
�P�r�e�s�s�,� �1�9�9�1�.� 

�L�e�l�e�,� �U�m�a�.�  ��S�t�r�u�c�t�u�r�a�l� �A�d�j�u�s�t�m�e�n�t�,� �A�g�r�i�c�u�l�t�u�r�a�l� �D�e�v�e�l�o�p�m�e�n�t� �a�n�d� �t�h�e� �P�o�o�r�:� �S�o�m�e� 
�L�e�s�s�o�n�s� �f�r�o�m� �t�h�e� �M�a�l�a�w�i�a�n� �E�x�p�e�r�i�e�n�c�e�. �� �W�o�r�l�d� �D�e�v�e�l�o�p�m�e�n�t�.� �S�e�p�t�e�m�b�e�r� �1�9�9�0�,� 
�p�p�.�1�2�0�7�-�1�2�1�9�.� 

�M�a�d�d�a�l�a�,� �G�.�S�.� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �E�c�o�n�o�m�e�t�r�i�c�s�,� �2!"� �e�d�.� �N�e�w� �Y�o�r�k�:� �M�a�c�m�i�l�l�a�n� �P�u�b�l�i�s�h�i�n�g� 
�C�o�m�p�a�n�y� �1�9�9�2�.� 

�M�i�n�i�s�t�r�y� �o�f� �A�g�r�i�c�u�l�t�u�r�e�,� �A�g�r�i�c�u�l�t�u�r�a�l� �C�o�m�m�u�n�i�c�a�t�i�o�n� �B�r�a�n�c�h�.� �G�u�i�d�e� �t�o� �A�g�r�i�c�u�l�t�u�r�a�l� 
�P�r�o�d�u�c�t�i�o�n� �i�n� �M�a�l�a�w� �1�9�9�3�-�9�4� 

�M�i�n�i�s�t�r�y� �o�f� �A�g�r�i�c�u�l�t�u�r�e�,� �P�l�a�n�n�i�n�g� �D�i�v�i�s�i�o�n�.�  ��T�h�e� �N�a�t�i�o�n�a�l� �S�a�m�p�l�e� �S�u�r�v�e�y� �o�f� �A�g�r�i�c�u�l�t�u�r�e� 
�(�N�S�S�A�)�:� �A� �F�i�e�l�d� �R�e�p�o�r�t�. �� �1�6� �A�u�g�u�s�t� �1�9�9�3�.� 

�M�o�s�e�r�,� �C�a�r�o�l�i�n�e� �O�.�N�.� �G�e�n�d�e�r� �P�l�a�n�n�i�n�g� �a�n�d� �D�e�v�e�l�o�p�m�e�n�t�.� �L�o�n�d�o�n�:� �R�o�u�t�l�e�g�e�,� �1�9�9�3�.� 

�M�t�a�w�a�l�i�,� �K�.�M�.�  ��T�r�a�d�e�,� �P�r�i�c�e�,� �a�n�d� �M�a�r�k�e�t� �R�e�f�o�r�m� �i�n� �M�a�l�a�w�i�:� �C�u�r�r�e�n�t� �S�t�a�t�u�s�,� �P�r�o�p�o�s�a�l�s�,� 
�a�n�d� �C�o�n�s�t�r�a�i�n�t�s�. �� �F�o�o�d� �P�o�l�i�c�y�.� �A�u�g�u�s�t� �1�9�9�3�.� �p�p�.�3�0�0�-�3�0�7�.� 

�N�a�t�i�o�n�a�l� �S�t�a�s�t�i�s�t�i�c�s� �O�f�f�i�c�e�,� �N�a�t�i�o�n�a�l� �S�a�m�p�l�e� �S�u�r�v�e�y� �o�f� �A�g�r�i�c�u�l�t�u�r�e�,� �R�e�p�o�r�t� �a�n�d� 
�I�n�t�r�o�d�u�c�t�i�o�n�.� �1�9�9�3�.� 

�N�a�t�i�o�n�a�l� �S�a�m�p�l�e� �S�u�r�v�e�y� �o�f� �A�g�r�i�c�u�l�t�u�r�e� �(�N�S�S�A�)� �1�9�9�2�-�9�3�.� �N�a�t�i�o�n�a�l� �S�t�a�t�i�s�t�i�c�a�l� �O�f�f�i�c�e� �o�f� 
�M�a�l�a�w�i�.� 

�P�a�l�m�e�r�,� �R�o�b�i�n�.�  ��W�h�i�t�e� �F�a�r�m�e�r�s� �i�n� �M�a�l�a�w�i�:� �B�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �t�h�e� �D�e�p�r�e�s�s�i�o�n�. �� �A�f�r�i�c�a�n� 
�A�f�f�a�i�r�s�.� �,� �p�p�.�2�1�1�-�2�4�5�.� 

�P�r�y�o�r�,� �F�r�e�d�e�r�i�c� �L�.� �T�h�e� �P�o�l�i�t�i�c�a�l� �E�c�o�n�o�m�y� �o�f� �P�o�v�e�r�t�y�,� �E�q�u�i�t�y�,� �a�n�d� �G�r�o�w�t�h�:� �M�a�l�a�w�i� �a�n�d� 
�M�a�d�a�g�a�s�c�a�r�.� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�:� �O�x�f�o�r�d� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s� �f�o�r� �t�h�e� �W�o�r�l�d� �B�a�n�k�,� 
�1�9�9�0�.� 
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�P�u�d�a�s�a�i�n�i�,� �S�.�P�.�  ��T�h�e� �C�o�n�t�r�i�b�u�t�i�o�n� �o�f� �E�d�u�c�a�t�i�o�n� �t�o� �A�l�l�o�c�a�t�i�v�e� �a�n�d� �T�e�c�h�n�i�c�a�l� �E�f�f�i�c�i�e�n�c�y� �i�n� 
�S�u�g�a�r� �C�a�n�e� �P�r�o�d�u�c�t�i�o�n� �i�n� �N�e�p�a�l�. �� �J�n�d�i�a�n� �J�o�u�r�n�a�l� �o�f� �A�g�r�i�c�u�l�t�u�r�a�l� �E�c�o�n�o�m�i�c�s�.� 
�M�a�r�c�h� �1�9�8�3� �p�p�.� �4�8�-�5�5�.� 

�Q�u�i�s�u�m�b�i�n�g�,� �A�g�n�e�s�,� �L�i�s�a� �S�c�h�w�a�r�t�z�,� �a�n�d� �C�.� �C�h�i�b�w�a�n�a�.�  ��W�o�m�e�n� �i�n� �A�g�r�i�c�u�l�t�u�r�e�:� �I�s�s�u�e�s� 
�a�n�d� �S�t�r�a�t�e�g�i�e�s� �(�D�r�a�f�t�)�. �� �W�o�r�l�d� �B�a�n�k� �W�o�r�k�i�n�g� �P�a�p�e�r� �f�o�r� �t�h�e� �M�a�l�a�w�i� �A�g�r�i�c�u�l�t�u�r�a�l� 
�S�e�r�v�i�c�e�s� �P�r�o�j�e�c�t�.� �9� �A�p�r�i�l� �1�9�9�2�.� 

�S�a�h�n�,� �D�a�v�i�d� �E�.�,� �J�e�r�e�l� �A�r�u�l�p�r�a�g�a�s�a�m�,� �a�n�d� �L�e�m�m�a� �M�e�r�i�d�.� �P�o�l�i�c�y� �R�e�f�o�r�m� �i�n� �M�a�l�a�w�i�:� �A� 
�D�e�c�a�d�e� �o�f� �E�x�p�e�r�i�e�n�c�e�.� �C�o�r�n�e�l�l� �F�o�o�d� �a�n�d� �N�u�t�r�i�t�i�o�n� �P�o�l�i�c�y� �P�r�o�g�r�a�m�,� �M�o�n�o�g�r�a�p�h� 
�7�,� �D�e�c�e�m�b�e�r� �1�9�9�0�.� 

�S�a�h�n�,� �D�a�v�i�d� �E�.�,� �Y�v�e�s� �V�a�n� �F�r�a�u�s�a�m�,� �a�n�d� �G�e�r�a�l�d� �S�h�i�v�e�l�y�.�  ��M�o�d�e�l�i�n�g� �t�h�e� �N�u�t�r�i�t�i�o�n�a�l� �a�n�d� 
�D�i�s�t�r�i�b�u�t�i�o�n�a�l� �E�f�f�e�c�t�s� �o�f� �T�a�x�i�n�g� �E�x�p�o�r�t� �C�r�o�p�s�. �� �E�c�o�n�o�m�i�c� �D�e�v�e�l�o�p�m�e�n�t� �a�n�d� 
�C�u�l�t�u�r�a�l� �C�h�a�n�g�e�.� �J�u�l�y� �1�9�9�4�,� �p�p�.�7�7�3�-�7�9�4�.� 

�S�i�d�h�u�,� �S�u�r�j�i�t� �S�.� �a�n�d� �C�a�r�l�o�s� �A�.� �B�a�a�n�a�n�t�e�.�  ��E�s�t�i�m�a�t�i�n�g� �F�a�r�m�-�L�e�v�e�l� �I�n�p�u�t� �D�e�m�a�n�d� �a�n�d� 
�W�h�e�a�t� �S�u�p�p�l�y� �i�n� �t�h�e� �I�n�d�i�a�n� �P�u�n�j�a�b� �U�s�i�n�g� �a� �T�r�a�n�s�l�o�g� �P�r�o�f�i�t� �F�u�n�c�t�i�o�n�. �� �A�m�e�r�i�c�a�n� 
�J�o�u�r�n�a�l� �o�f� �A�g�r�i�c�u�l�t�u�r�a�l� �E�c�o�n�o�m�i�c�s�.� �M�a�y� �1�9�8�1�,� �p�p�.�2�3�7�-�2�4�6�.� 

�S�m�a�l�e�,� �M�e�l�i�n�d�a�,� �P�a�u�l� �W�.� �H�e�i�s�e�y�,� �a�n�d� �H�o�w�a�r�d� �D�.� �L�e�a�t�h�e�r�s�.�  ��M�a�i�z�e� �o�f� �t�h�e� �A�n�c�e�s�t�o�r�s� �a�n�d� 
�M�o�d�e�r�n� �V�a�r�i�e�t�i�e�s�:� �T�h�e� �M�i�c�r�o�e�c�o�n�o�m�i�c�s� �o�f� �H�i�g�h�-� �Y�i�e�l�d�i�n�g� �V�a�r�i�e�t�y� �A�d�o�p�t�i�o�n� �i�n� 
�M�a�l�a�w�i�. �� �E�c�o�n�o�m�i�c� �D�e�v�e�l�o�p�m�e�n�t� �a�n�d� �C�u�l�t�u�r�a�l� �C�h�a�n�g�e�.� �J�a�n�u�a�r�y� �1�9�9�5�,� �p�p�.�3�5�1�-� 
�3�6�8�.� 

�S�m�i�t�h�,� �L�a�w�r�e�n�c�e� �D�.�  ��M�a�l�a�w�i�:� �R�e�f�o�r�m�i�n�g� �t�h�e� �S�t�a�t�e ��s� �R�o�l�e� �i�n� �A�g�r�i�c�u�l�t�u�r�a�l� �M�a�r�k�e�t�i�n�g�. �� 
�F�o�o�d� �P�o�l�i�c�y�.� �D�e�c�e�m�b�e�r� �1�9�9�5�,� �p�p�.�5�6�1�-�5�7�1�.� 

�S�o�f�r�a�n�k�o�,� �A�n�d�r�e�w� �J�.� �a�n�d� �F�r�e�d�e�r�i�c�k� �C�.� �F�l�i�e�g�e�l�.�  ��M�a�l�a�w�i ��s� �A�g�r�i�c�u�l�t�u�r�a�l� �D�e�v�e�l�o�p�m�e�n�t�:� �A� 
�S�u�c�c�e�s�s� �S�t�o�r�y�? �� �A�g�r�i�c�u�l�t�u�r�a�l� �E�c�o�n�o�m�i�c�s�.� �M�a�r�c�h� �1�9�8�8�.� �p�p�.� �9�9�-�1�1�3�.� 

�S�i�g�m�a�n�,� �V�i�c�k�i�e� �A�.�,� �C�a�t�h�e�r�i�n�e� �C�h�i�b�w�a�n�a�,� �a�n�d� �I�s�a�b�e�l� �M�a�t�e�n�j�e�.�  ��R�e�a�c�h�i�n�g� �M�a�l�a�w�i�a�n� 
�S�m�a�l�l�h�o�l�d�e�r� �F�a�r�m�e�r�s� �w�i�t�h� �A�g�r�i�c�u�l�t�u�r�a�l� �E�x�t�e�n�s�i�o�n� �P�r�o�g�r�a�m�s�:� �A� �C�a�s�e� �f�o�r� 
�W�o�m�e�n ��s� �G�r�o�u�p�s�. �� �J�o�u�r�n�a�l� �o�f� �I�n�t�e�r�n�a�t�i�o�n�a�l� �A�g�r�i�c�u�l�t�u�r�a�l� �R�e�s�e�a�r�c�h� �a�n�d� 
�E�x�t�e�n�s�i�o�n� �E�d�u�c�a�t�i�o�n�.� �F�a�l�l� �1�9�9�4�.� 

�S�p�r�i�n�g�,� �A�n�i�t�a�.�  ��U�s�i�n�g� �M�a�l�e� �R�e�s�e�a�r�c�h� �a�n�d� �E�x�t�e�n�s�i�o�n� �P�e�r�s�o�n�n�e�l� �t�o� �T�a�r�g�e�t� �W�o�m�e�n� 
�F�a�r�m�e�r�s�. �� �i�n� �G�e�n�d�e�r� �I�s�s�u�e�s� �i�n� �F�a�r�m�i�n�g� �S�y�s�t�e�m�s� �R�e�s�e�a�r�c�h� �a�n�d� �E�x�t�e�n�s�i�o�n�.� �e�d�s�.� 
�S�u�s�a�n� �P�o�a�t�s�,� �M�a�r�i�a�n�n�e� �S�c�h�m�i�n�k�,� �a�n�d� �A�n�i�t�a� �S�p�r�i�n�g�.� �B�o�u�l�d�e�r�:� �W�e�s�t�v�i�e�w� �P�r�e�s�s�,� 

�1�9�8�8�.� �p�p�.�9�9�-�1�1�0�.� 
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�U�n�i�t�e�d� �N�a�t�i�o�n�s� �(�U�N�)�.� �T�h�e� �W�o�r�l�d ��s� �W�o�m�e�n� �1�9�9�5�:� �T�r�e�n�d�s� �a�n�d� �S�t�a�t�i�s�t�i�c�s�.� �N�e�w� �Y�o�r�k�:� 
�U�n�i�t�e�d� �N�a�t�i�o�n�s�,� �1�9�9�5�.� 

�U�n�i�t�e�d� �N�a�t�i�o�n�s� �D�e�v�e�l�o�p�m�e�n�t� �P�r�o�g�r�a�m�m�e� �(�U�N�D�P�)�.� �H�u�m�a�n� �D�e�v�e�l�o�p�m�e�n�t� �R�e�p�o�r�t� �1�9�9�4�.� 
�N�e�w� �Y�o�r�k�:� �O�x�f�o�r�d� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �1�9�9�4�,� 

�W�o�r�l�d� �B�a�n�k�.�  ��H�u�m�a�n� �R�e�s�o�u�r�c�e�s� �a�n�d� �P�o�v�e�r�t�y� �f�o�r� �M�a�l�a�w�i�:� �A� �P�r�o�f�i�l�e� �a�n�d� �P�r�i�o�r�i�t�i�e�s� �f�o�r� 
�A�c�t�i�o�n� �(�S�u�m�m�a�r�y�)�. �� �S�u�m�m�a�r�y� �o�f� �R�e�p�o�r�t� �f�o�r� �t�h�e� �M�a�l�a�w�i� �P�o�v�e�r�t�y� �A�l�l�e�v�i�a�t�i�o�n� 
�P�r�o�g�r�a�m�.� �N�o�v�e�m�b�e�r� �1�9�9�5�.� 

�W�o�r�l�d� �B�a�n�k�.� �A� �P�o�v�e�r�t�y� �P�r�o�f�i�l�e� �o�f� �M�a�l�a�w�i� �(�D�r�a�f�t�)�.� �J�u�n�e� �1�9�9�5�b�.� 

�W�o�r�l�d� �B�a�n�k�.� �W�o�r�l�d� �D�e�v�e�l�o�p�m�e�n�t� �R�e�p�o�r�t� �1�9�9�4�.� �N�e�w� �Y�o�r�k�:� �O�x�f�o�r�d� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� 
�1�9�9�4�.� 

�W�o�r�l�d� �B�a�n�k�.� �W�o�m�e�n� �D�e�v�e�l�o�p�m�e�n�t� �i�n� �M�a�l�a�w�i�:� �C�o�n�s�t�r�a�i�n�t�s� �a�n�d� �A�c�t�i�o�n�s�.� �A�u�g�u�s�t� �2�7�,� 
�1�9�9�1�.� �(�I�n�t�e�r�n�a�l� �C�i�r�c�u�l�a�t�i�o�n�)� 

�W�o�r�l�d� �B�a�n�k�.� �T�h�e� �L�o�n�g�-�T�e�r�m� �P�e�r�s�p�e�c�t�i�v�e� �S�t�u�d�y� �o�f� �S�u�b�-�S�a�h�a�r�a�n� �A�f�r�i�c�a�.� �W�a�s�h�i�n�g�t�o�n�,� 
�D�.�C�.�:� �T�h�e� �W�o�r�l�d� �B�a�n�k�,� �1�9�9�0�.� 
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�A�p�p�e�n�d�i�x� �I� 

�P�r�o�f�i�t� �M�a�x�i�m�i�z�a�t�i�o�n� 

�T�h�e� �m�o�d�e�l� �p�i�n�p�o�i�n�t�s� �f�a�c�t�o�r� �i�n�p�u�t� �c�o�n�s�t�r�a�i�n�t�s� �f�a�c�e�d� �b�y� �s�m�a�l�l�h�o�l�d�e�r� �f�a�r�m�e�r�s� �b�y� 

�t�e�s�t�i�n�g� �f�o�r� �e�v�i�d�e�n�c�e� �o�f� �p�r�o�f�i�t�-�m�a�x�i�m�i�z�i�n�g� �m�a�n�a�g�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�s� �w�i�t�h�i�n� �a� �N�e�o�c�l�a�s�s�i�c�a�l� 

�f�r�a�m�e�w�o�r�k�.� �N�e�o�c�l�a�s�s�i�c�a�l� �e�c�o�n�o�m�i�c� �t�h�e�o�r�y� �h�o�l�d�s� �t�h�a�t� �a� �f�a�r�m�e�r� �w�i�l�l� �i�n�c�r�e�a�s�e� �p�r�o�d�u�c�t�i�o�n� 

�u�n�t�i�l� �t�h�e� �c�o�s�t� �o�f� �p�r�o�d�u�c�i�n�g� �a�n� �e�x�t�r�a� �u�n�i�t� �e�q�u�a�l�s� �t�h�e� �r�e�v�e�n�u�e�s� �t�o� �b�e� �g�a�i�n�e�d� �b�y� �s�e�l�l�i�n�g� �t�h�e� 

�e�x�t�r�a� �u�n�i�t�.� �T�o� �p�r�o�d�u�c�e� �l�e�s�s� �t�h�a�n� �t�h�i�s� �a�m�o�u�n�t� �w�o�u�l�d� �l�e�a�v�e� �p�o�t�e�n�t�i�a�l� �p�r�o�f�i�t�s� �u�n�e�x�p�l�o�i�t�e�d�.� 

�P�r�o�d�u�c�i�n�g� �m�o�r�e� �w�o�u�l�d� �a�c�t�u�a�l�l�y� �i�n�c�u�r� �l�o�s�s�e�s� �t�o� �t�h�e� �f�a�r�m�e�r�,� �a�s� �t�h�e� �c�o�s�t�s� �o�f� �p�r�o�d�u�c�i�n�g� �e�a�c�h� 

�e�x�t�r�a� �u�n�i�t� �w�o�u�l�d� �e�x�c�e�e�d� �t�h�e� �p�r�i�c�e� �i�t� �w�i�l�l� �a�t�t�r�a�c�t� �o�n� �t�h�e� �m�a�r�k�e�t�.� �T�h�i�s�  ��m�a�r�g�i�n�a�l� �c�o�s�t� �e�q�u�a�l�s� 

�m�a�r�g�i�n�a�l� �r�e�v�e�n�u�e �� �r�u�l�e� �t�h�e�o�r�e�t�i�c�a�l�l�y� �h�o�l�d�s� �i�n� �m�a�r�k�e�t�s� �w�i�t�h� �m�a�n�y� �p�r�o�d�u�c�e�r�s� �o�f� �t�h�e� �s�a�m�e� 

�p�r�o�d�u�c�t� �a�s� �l�o�n�g� �a�s� �t�h�e� �p�r�o�d�u�c�e�r�s� �d�o� �n�o�t� �f�a�c�e� �l�i�m�i�t�s� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� �i�n�p�u�t�s� �t�h�e�y� �c�a�n� �u�s�e�.� 

�T�h�i�s� �r�u�l�e� �a�l�s�o� �i�m�p�l�i�e�s� �t�h�a�t�,� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �s�u�c�h� �r�e�s�o�u�r�c�e� �c�o�n�s�t�r�a�i�n�t�s�,� �f�a�r�m�e�r�s� 

�w�i�l�l� �i�n�c�r�e�a�s�e� �t�h�e� �a�m�o�u�n�t� �o�f� �e�a�c�h� �i�n�p�u�t� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �p�r�o�c�e�s�s� �u�n�t�i�l� �t�h�e� �c�o�s�t� �o�f� �a�n� 

�a�d�d�i�t�i�o�n�a�l� �u�n�i�t� �o�f� �t�h�e� �i�n�p�u�t� �e�q�u�a�l�s� �t�h�e� �r�e�v�e�n�u�e�s� �t�o� �b�e� �g�a�i�n�e�d� �f�r�o�m� �t�h�e� �a�d�d�i�t�i�o�n�a�l� 

�p�r�o�d�u�c�t�i�o�n� �t�h�a�t� �r�e�s�u�l�t�s� �w�h�e�n� �a�l�l� �o�t�h�e�r� �i�n�p�u�t� �l�e�v�e�l�s� �r�e�m�a�i�n� �u�n�c�h�a�n�g�e�d�.� �T�h�e� �m�a�r�g�i�n�a�l� �c�o�s�t� 

�o�f� �t�h�e� �i�n�p�u�t� �t�h�u�s� �e�q�u�a�l�s� �t�h�e� �m�a�r�g�i�n�a�l� �v�a�l�u�e� �o�f� �i�t�s� �p�r�o�d�u�c�t�.� �H�o�w�e�v�e�r�,� �i�f� �i�n�p�u�t� �u�s�e� �i�s� 

�c�o�n�s�t�r�a�i�n�e�d�,� �s�o� �t�h�a�t� �o�n�l�y� �a� �l�i�m�i�t�e�d� �a�m�o�u�n�t� �o�f� �a� �f�a�c�t�o�r� �c�a�n� �b�e� �u�s�e�d�,� �t�h�e� �c�o�s�t� �o�f� �a� �u�n�i�t� �o�f� �t�h�e� 

�i�n�p�u�t� �w�i�l�l� �b�e� �l�e�s�s� �t�h�a�n� �t�h�e� �p�r�i�c�e� �o�f� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �p�r�o�d�u�c�t� �i�t� �w�o�u�l�d� �g�e�n�e�r�a�t�e�,� �l�e�a�v�i�n�g� 

�p�r�o�f�i�t�s� �u�n�e�x�p�l�o�i�t�e�d�.� 
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�M�a�t�h�e�m�a�t�i�c�a�l�l�y�,� �p�r�o�f�i�t� �m�a�x�i�m�i�z�a�t�i�o�n� �s�t�i�p�u�l�a�t�e�s� �t�h�a�t� �a�l�l� �f�i�r�s�t�-�o�r�d�e�r� �d�e�r�i�v�a�t�i�v�e�s� �o�f� 

�t�h�e� �p�r�o�f�i�t� �f�u�n�c�t�i�o�n� �e�q�u�a�l� �z�e�r�o� �(�e�s�t�a�b�l�i�s�h�i�n�g� �t�h�e� �n�e�c�e�s�s�a�r�y� �c�o�n�d�i�t�i�o�n� �o�f� �a� �c�r�i�t�i�c�a�l� �p�o�i�n�t�)� �a�n�d� 

�t�h�a�t� �a�l�l� �s�e�c�o�n�d�-�o�r�d�e�r� �d�e�r�i�v�a�t�i�v�e�s� �a�r�e� �l�e�s�s� �t�h�a�n� �z�e�r�o� �(�e�s�t�a�b�l�i�s�h�i�n�g� �t�h�e� �s�u�f�f�i�c�i�e�n�t� �c�o�n�d�i�t�i�o�n� �o�f� 

�a� �m�a�x�i�m�u�m� �a�t� �t�h�e� �c�r�i�t�i�c�a�l� �p�o�i�n�t�)�.� �(�C�h�i�a�n�g�,� �1�9�8�4�)� �F�o�r� �a� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� 

�y� �=� �f�(�x�)� 

�w�h�e�r�e� �y� �i�s� �t�h�e� �l�e�v�e�l� �o�f� �o�u�t�p�u�t� �p�r�o�d�u�c�e�d� �i�n� �a� �p�r�o�c�e�s�s� �u�s�i�n�g� �i�n�p�u�t�s� �x�;� �,� �t�h�e� �p�r�o�f�i�t� �f�u�n�c�t�i�o�n� 

�c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� 

�T�=� �p�-�f�(�x�;�)� �-� �W�i�X�;� 

�I�n� �t�h�i�s� �c�a�s�e�,� �p� �i�s� �t�h�e� �m�a�r�k�e�t� �p�r�i�c�e� �o�f� �o�n�e� �u�n�i�t� �o�f� �t�h�e� �o�u�t�p�u�t� �a�n�d� �w�,� �i�s� �t�h�e� �p�r�i�c�e� �o�f� �o�n�e� �u�n�i�t� 

�o�f� �t�h�e� �i�t�h� �i�n�p�u�t�.� �I�f� �a� �p�r�o�d�u�c�e�r� �m�a�x�i�m�i�z�i�n�g� �p�r�o�f�i�t�s�,� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �c�o�n�d�i�t�i�o�n�s� �o�f� �p�r�o�f�i�t�-� 

�m�a�x�i�m�i�z�a�t�i�o�n� �i�m�p�l�y� �t�h�a�t� �f�i�r�s�t�-�o�r�d�e�r� �p�a�r�t�i�a�l� �d�e�r�i�v�a�t�i�v�e�s� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �e�a�c�h� �i�n�p�u�t� �w�i�l�l� 

�e�q�u�a�l� �z�e�r�o�:� 

�a�e� �=� �0� 
�A�l�t�e�r�n�a�t�i�v�e�l�y�,� 

�p�f �� �(�x�)� �=� �W�;� 

�T�h�u�s�,� �t�h�e� �p�r�i�c�e� �o�f� �a�n� �i�n�p�u�t� �w�i�l�l� �e�q�u�a�l� �t�h�e� �o�u�t�p�u�t� �p�r�i�c�e� �t�i�m�e�s� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �o�u�t�p�u�t� 

�t�h�a�t� �a�n� �e�x�t�r�a� �u�n�i�t� �o�f� �t�h�e� �i�n�p�u�t� �w�i�l�l� �g�e�n�e�r�a�t�e�:� �t�h�e� �m�a�r�g�i�n�a�l� �c�o�s�t� �w�i�l�l� �e�q�u�a�l� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� 

�m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �e�a�c�h� �i�n�p�u�t�.� �(�B�e�a�t�t�i�e� �a�n�d� �T�a�y�l�o�r�,� �1�9�9�3�)� �T�h�i�s� �k�e�y� �r�e�s�u�l�t� �i�n� 

�N�e�o�c�l�a�s�s�i�c�a�l� �t�h�e�o�r�y� �i�s� �u�s�e�d� �t�o� �t�e�s�t� �f�o�r� �r�e�s�o�u�r�c�e� �c�o�n�s�t�r�a�i�n�t�s� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�m�p�i�r�i�c�a�l� 

�a�n�a�l�y�s�i�s�.� �U�s�i�n�g� �a� �p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �t�h�e� �N�S�S�A� �d�a�t�a�,� �a�s� �w�e�l�l� �a�s� 
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�s�u�p�p�l�e�m�e�n�t�a�l� �i�n�p�u�t� �a�n�d� �o�u�t�p�u�t� �p�r�i�c�e� �d�a�t�a�,� �t�h�e� �s�t�u�d�y� �d�e�t�e�r�m�i�n�e�s� �w�h�i�c�h� �g�r�o�u�p�s� �o�f� 

�h�o�u�s�e�h�o�l�d�s� �d�o� �n�o�t� �u�s�e� �c�e�r�t�a�i�n� �i�n�p�u�t�s� �a�t� �p�r�o�f�i�t� �m�a�x�i�m�i�z�i�n�g� �l�e�v�e�l�s�,� �i�m�p�l�y�i�n�g� �t�h�a�t� �t�h�e�y� �f�a�c�e� 

�c�o�n�s�t�r�a�i�n�t�s� �o�n� �t�h�e� �u�s�e� �o�f� �t�h�e�s�e� �r�e�s�o�u�r�c�e�s�.� 
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�A�p�p�e�n�d�i�x� �2� 

�H�e�a�l�t�h� �a�n�d� �E�d�u�c�a�t�i�o�n� 

�W�i�t�h� �a� �q�u�i�c�k�l�y� �g�r�o�w�i�n�g� �p�o�p�u�l�a�t�i�o�n�,� �t�h�e� �e�d�u�c�a�t�i�o�n�a�l� �s�y�s�t�e�m� �i�s� �s�e�v�e�r�e�l�y� �o�v�e�r�t�a�x�e�d�.� 

�D�u�e� �t�o� �t�h�e� �r�e�c�e�n�t� �r�e�m�o�v�a�l� �o�f� �p�r�i�m�a�r�y� �s�c�h�o�o�l� �f�e�e�s�,� �e�n�r�o�l�l�m�e�n�t� �h�a�s� �i�n�c�r�e�a�s�e�d� �a�b�o�u�t� �6�0� 

�p�e�r�c�e�n�t�.� �A�l�t�h�o�u�g�h� �t�h�e� �g�o�v�e�r�n�m�e�n�t� �h�a�s� �t�r�i�p�l�e�d� �i�t�s� �s�p�e�n�d�i�n�g� �o�n� �e�d�u�c�a�t�i�o�n�,� �g�i�v�i�n�g� �s�p�e�c�i�a�l� 

�e�m�p�h�a�s�i�s� �t�o� �p�r�i�m�a�r�y� �e�d�u�c�a�t�i�o�n�,� �t�h�e� �s�t�u�d�e�n�t�/�t�e�a�c�h�e�r� �r�a�t�i�o� �i�s� �a� �c�h�a�o�t�i�c� �1�3�1� �a�n�d� �t�h�e�r�e� �i�s� �a�n� 

�a�v�e�r�a�g�e� �o�f� �4�2�2� �s�t�u�d�e�n�t�s� �f�o�r� �e�a�c�h� �c�l�a�s�s�r�o�o�m�.� �T�h�e� �a�v�e�r�a�g�e� �M�a�l�a�w�i�a�n� �r�e�c�e�i�v�e�s� �o�n�l�y� �1�.�7� 

�y�e�a�r�s� �o�f� �s�c�h�o�o�l�i�n�g�.� �L�o�w� �l�e�v�e�l�s� �o�f� �e�d�u�c�a�t�i�o�n� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t� �b�e�c�a�u�s�e� �t�h�e� �p�o�o�r�e�s�t� 

�h�o�u�s�e�h�o�l�d�s� �a�r�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �b�e� �h�e�a�d�e�d� �b�y� �i�n�d�i�v�i�d�u�a�l�s� �w�i�t�h� �l�i�t�t�l�e� �o�r� �n�o� �s�c�h�o�o�l�i�n�g�;� �t�h�e�y� 

�a�r�e� �h�a�l�f� �a�s� �l�i�k�e�l�y� �t�o� �h�a�v�e� �t�h�e�i�r� �c�h�i�l�d�r�e�n� �e�n�r�o�l�l�e�d� �i�n� �s�c�h�o�o�l�.� �O�v�e�r�a�l�l�,� �t�h�e� �n�e�t� �e�n�r�o�l�l�m�e�n�t� 

�r�a�t�e� �f�o�r� �b�o�y�s� �d�o�e�s� �n�o�t� �g�r�e�a�t�l�y� �e�x�c�e�e�d� �t�h�e� �r�a�t�e� �f�o�r� �g�i�r�l�s� �(�W�o�r�l�d� �B�a�n�k�,� �1�9�9�5�)�.� �H�o�w�e�v�e�r�,� �i�n� 

�t�h�e� �r�u�r�a�l� �S�o�u�t�h�,� �w�h�e�r�e� �a�n� �e�s�t�i�m�a�t�e�d� �6�0� �p�e�r�c�e�n�t� �o�f� �p�o�o�r� �h�o�u�s�e�h�o�l�d�s� �a�r�e� �h�e�a�d�e�d� �b�y� �f�e�m�a�l�e�s� 

�(�W�o�r�l�d� �B�a�n�k�,� �1�9�9�5�b�)�,� �t�h�e� �e�n�r�o�l�l�m�e�n�t� �r�a�t�e� �f�o�r� �g�i�r�l�s� �i�s� �2�5� �p�e�r�c�e�n�t� �l�o�w�e�r� �(�W�o�r�l�d� �B�a�n�k�,� 

�1�9�9�5�)�.� �M�a�l�e�s� �a�l�s�o� �s�t�a�y� �i�n� �s�c�h�o�o�l� �t�w�i�c�e� �a�s� �l�o�n�g� �a�s� �f�e�m�a�l�e�s� �(�U�N�D�P�,� �1�9�9�4�)�.� �N�a�t�i�o�n�w�i�d�e�,� 

�6�4� �p�e�r�c�e�n�t� �o�f� �f�e�m�a�l�e�s� �o�v�e�r� �t�h�e� �a�g�e� �o�f� �1�5� �h�a�v�e� �n�o� �p�r�i�m�a�r�y� �s�c�h�o�o�l� �e�d�u�c�a�t�i�o�n� �(�W�o�r�l�d� �B�a�n�k�,� 

�1�9�9�1�)�.� 

�L�i�k�e� �t�h�e� �e�d�u�c�a�t�i�o�n�a�l� �s�y�s�t�e�m�,� �t�h�e� �g�r�o�w�i�n�g� �p�o�p�u�l�a�t�i�o�n� �a�l�s�o� �o�v�e�r�w�h�e�l�m�s� �t�h�e� �r�u�r�a�l� 

�t�r�a�n�s�p�o�r�t� �a�n�d� �h�e�a�l�t�h�c�a�r�e� �i�n�f�r�a�s�t�r�u�c�t�u�r�e�.� �D�u�e� �t�o� �t�h�e� �h�i�g�h� �c�o�s�t� �o�f� �f�u�e�l� �a�n�d� �s�p�a�r�e� �p�a�r�t�s�,� �a�s� 

�w�e�l�l� �a�s� �a� �p�a�r�a�s�t�a�t�a�l� �m�o�n�o�p�o�l�y� �o�n� �p�a�s�s�e�n�g�e�r� �t�r�a�n�s�p�o�r�t�,� �9�0� �p�e�r�c�e�n�t� �o�f� �a�l�l� �t�r�a�v�e�l� �i�n� �r�u�r�a�l� 

�a�r�e�a�s� �i�s� �d�o�n�e� �o�n� �f�o�o�t�.� �O�v�e�r� �h�a�l�f� �o�f� �M�a�l�a�w�i�a�n�s� �h�a�v�e� �n�o� �a�c�c�e�s�s� �t�o� �s�a�f�e� �d�r�i�n�k�i�n�g� �w�a�t�e�r� �a�n�d� 
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�4�4� �p�e�r�c�e�n�t� �m�u�s�t� �w�a�l�k� �o�v�e�r� �5� �k�m� �t�o� �r�e�a�c�h� �t�h�e� �n�e�a�r�e�s�t� �i�m�p�r�o�v�e�d� �w�a�t�e�r� �s�o�u�r�c�e� �(�C�r�o�m�w�e�l�l�,� 

�1�9�9�2�)�.� �T�h�e� �r�a�t�i�o� �o�f� �m�e�d�i�c�a�l� �w�o�r�k�e�r�s� �t�o� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �h�a�s� �t�r�i�p�l�e�d� �s�i�n�c�e� �1�9�7�0� �s�o� �t�h�a�t� �8�0� 

�p�e�r�c�e�n�t� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �h�a�s� �a�c�c�e�s�s� �t�o� �h�e�a�l�t�h� �s�e�r�v�i�c�e�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�a�t�i�o� �o�f� �d�o�c�t�o�r�s� �t�o� 

�c�i�t�i�z�e�n�s� �i�n� �M�a�l�a�w�i� �r�e�m�a�i�n�s� �s�u�b�s�t�a�n�t�i�a�l�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�e� �a�v�e�r�a�g�e� �f�o�r� �S�u�b�-�S�a�h�a�r�a�n� �A�f�r�i�c�a�,� 

�a�n�d� �t�w�o� �a�n�d� �a� �h�a�l�f� �t�i�m�e�s� �t�h�e� �a�v�e�r�a�g�e� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �c�o�u�n�t�r�i�e�s� �a�s� �a� �w�h�o�l�e�.� �D�e�s�p�i�t�e� 

�p�o�p�u�l�a�t�i�o�n� �p�r�e�s�s�u�r�e�s�,� �o�n�l�y� �1�3� �p�e�r�c�e�n�t� �o�f� �m�a�r�r�i�e�d� �c�o�u�p�l�e�s� �o�f� �c�h�i�l�d�b�e�a�r�i�n�g� �a�g�e� �u�s�e� 

�c�o�n�t�r�a�c�e�p�t�i�v�e�s� �(�U�N�D�P�,� �1�9�9�4�)�.� �A�n�o�t�h�e�r� �p�r�o�b�l�e�m� �i�s� �t�h�e� �s�p�r�e�a�d� �o�f� �A�I�D�S�,� �w�h�i�c�h� �i�s� �r�e�a�c�h�i�n�g� 

�e�p�i�d�e�m�i�c� �p�r�o�p�o�r�t�i�o�n�s�.� �B�y� �t�h�e� �y�e�a�r� �2�0�0�0�,� �a�n� �e�s�t�i�m�a�t�e�d� �2� �m�i�l�l�i�o�n� �p�e�o�p�l�e� �w�i�l�l� �b�e� �H�I�V� 

�p�o�s�i�t�i�v�e� �(�W�o�r�l�d� �B�a�n�k�,� �1�9�9�5�b�)�.� 
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�A�p�p�e�n�d�i�x� �3� 

�C�o�m�p�u�t�e�r� �R�e�s�o�u�r�c�e�s� 

�T�h�e� �d�a�t�a� �f�o�r� �t�h�e� �s�t�u�d�y� �f�r�o�m� �t�h�e� �G�a�r�d�e�n� �S�u�r�v�e�y�,� �S�D�A� �m�o�d�u�l�e�,� �a�n�d� �H�o�u�s�e�h�o�l�d� 

�C�o�m�p�o�s�i�t�i�o�n� �m�o�d�u�l�e� �o�f� �t�h�e� �N�S�S�A� �r�e�q�u�i�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6�4�.�7�5� �M�B� �o�f� �m�e�m�o�r�y� �s�t�o�r�a�g�e� 

�s�p�a�c�e�.� �D�i�s�t�r�i�b�u�t�i�o�n�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �u�s�i�n�g� �a�l�l� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �e�a�c�h� 

�t�e�c�h�n�o�l�o�g�y� �s�u�b�s�e�t� �a�n�d� �1�0�0� �p�e�r�t�u�r�b�a�t�i�o�n�s� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r� �v�e�c�t�o�r�s� �r�e�q�u�i�r�e�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�3�0�0� �M�B� �o�f� �d�i�s�k� �s�t�o�r�a�g�e� �s�p�a�c�e�,� �e�x�c�e�p�t� �f�o�r� �t�h�e� �l�o�c�a�l� �m�a�i�z�e� �r�e�g�r�e�s�s�i�o�n� �w�i�t�h� �n�o� �f�e�r�t�i�l�i�z�e�r� �u�s�e�.� 

�T�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �g�e�n�e�r�a�t�e�d� �f�o�r� �t�h�e� �p�r�e�d�i�c�t�e�d� �m�a�r�g�i�n�a�l� �p�r�o�d�u�c�t� �o�f� �l�a�b�o�r� �u�s�i�n�g� �a�l�l� 

�o�b�s�e�r�v�a�t�i�o�n�s� �r�e�q�u�i�r�e�s� �1� �G�B� �o�f� �s�t�o�r�a�g�e� �s�p�a�c�e�,� �i�n� �t�h�i�s� �c�a�s�e�.� 

�B�e�f�o�r�e� �u�s�i�n�g� �t�h�e� �N�S�S�A� �d�a�t�a� �f�o�r� �a� �M�o�n�t�e� �C�a�r�l�o� �s�i�m�u�l�a�t�i�o�n�,� �i�t� �i�s� �a�d�v�i�s�a�b�l�e� �t�o� �m�a�k�e� 

�s�u�r�e� �t�h�a�t� �s�u�f�f�i�c�i�e�n�t� �c�o�m�p�u�t�e�r� �m�e�m�o�r�y� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �c�a�p�a�c�i�t�y� �i�s� �a�v�a�i�l�a�b�l�e�.� 

�1�0�5



�A�p�p�e�n�d�i�x� �4� 

�H�e�s�s�i�a�n� �M�a�t�r�i�c�e�s� 

�T�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �p�r�i�n�c�i�p�a�l� �m�i�n�o�r� �o�f� �t�h�e� �H�e�s�s�i�a�n� �m�a�t�r�i�c�e�s� �f�o�r� �t�h�e� �m�a�i�z�e� 

�p�r�o�d�u�c�t�i�o�n� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�i�s� �s�t�u�d�y� �a�r�e� �d�e�f�i�n�e�d� �a�n�d� �e�v�a�l�u�a�t�e�d� �f�o�r� �f�e�r�t�i�l�i�z�e�r� �u�s�e�r�s� �a�s� �f�o�l�l�o�w�s�:� 

� � 

� � 

� � 

� � � � 

� � � � 

�d ��y� 
�H�i�\�i�=� 

�4�,� �d�v�, �� 

�O�*�y� �d ��y� 
�_�|� �d�v�,�  �� �a�v�,�a�v�,� 

�i�)� �d�*�y�_� �a ��y� 
�d�v�,�0�v�,� �a�v�,� 

�A�l�t�e�r�n�a�t�i�n�g� �s�i�g�n�s� �i�n�d�i�c�a�t�e� �c�o�n�v�e�x�i�t�y� �a�n�d� �t�h�e�r�e�f�o�r�e� �a� �l�o�c�a�l� �m�a�x�i�m�u�m�.� �F�o�r� �r�e�g�r�e�s�s�i�o�n�s� �t�h�a�t� 

�d�o� �n�o�t� �i�n�c�l�u�d�e� �f�e�r�t�i�l�i�z�e�r� �u�s�e�,� �o�n�l�y� �o�n�e� �p�r�i�n�c�i�p�a�l� �m�i�n�o�r� �i�s� �e�v�a�l�u�a�t�e�d�.� �I�t� �i�s� �d�e�f�i�n�e�d� �a�s� 

� � 

�a�n�d� �a� �n�e�g�a�t�i�v�e� �s�i�g�n� �i�n�d�i�c�a�t�e�s� �c�o�n�v�e�x�i�t�y� �a�n�d� �a� �l�o�c�a�l� �m�a�x�i�m�u�m�.� 
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�A�p�p�e�n�d�i�x� �5� 

�C�o�m�p�u�t�a�t�i�o�n� �o�f� �I�n�p�u�t�-�O�u�t�p�u�t� �P�r�i�c�e� �R�a�t�i�o�s� 

�D�r�.� �H�a�r�o�l�d� �T�a�y�l�o�r�,� �e�c�o�n�o�m�i�s�t� �f�o�r� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �D�e�p�a�r�t�m�e�n�t� �o�f� �A�g�r�i�c�u�l�t�u�r�e�,� 

�r�e�c�o�m�m�e�n�d�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�r�o�c�e�s�s� �f�o�r� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� �p�r�i�c�e� �o�f� �f�e�r�t�i�l�i�z�e�r� �n�i�t�r�o�g�e�n�:� 

�m�u�l�t�i�p�l�y� �t�h�e� �p�r�i�c�e� �p�e�r� �u�n�i�t� �b�y� �t�h�e� �r�a�t�i�o� �o�f� �n�i�t�r�o�g�e�n� �t�o� �t�h�e� �t�o�t�a�l� �n�u�t�r�i�e�n�t� �c�o�n�t�e�n�t� �o�f� �t�h�e� 

�f�e�r�t�i�l�i�z�e�r�.� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �i�s� �e�x�p�l�i�c�i�t�l�y� �o�u�t�l�i�n�e�d� �i�n� �T�a�b�l�e� �3�.�1�A� �u�s�i�n�g� �f�e�r�t�i�l�i�z�e�r� �p�r�i�c�e� �d�a�t�a� 

�f�r�o�m� �t�h�e� �W�o�r�l�d� �B�a�n�k� �A�F�T�E�S� �W�o�r�k�i�n�g� �P�a�p�e�r�,�  ��M�a�l�a�w�i�:� �E�c�o�n�o�m�i�c� �R�e�f�o�r�m� �a�n�d� 

�A�g�r�i�c�u�l�t�u�r�a�l� �S�t�r�a�t�e�g�y�, �� �f�r�o�m� �w�h�i�c�h� �t�h�e� �p�r�i�c�e�s� �f�o�r� �m�a�i�z�e� �a�r�e� �a�l�s�o� �t�a�k�e�n�.� �M�a�i�z�e� �p�r�i�c�e�s� �i�n� 

�1�9�9�2� �a�n�d� �1�9�9�3� �w�e�r�e� �0�.�2�7�0� �M�K�/�k�g� �a�n�d� �0�.�2�9�7� �M�K�/�k�g�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �D�i�v�i�d�i�n�g� �t�h�e� �a�v�e�r�a�g�e� 

�p�r�i�c�e� �o�f� �n�i�t�r�o�g�e�n� �p�e�r� �k�i�l�o�g�r�a�m �� �0�.�5�8�8�6�M�K� �i�n� �1�9�9�2� �a�n�d� �0�.�8�2�2�3�M�K� �i�n� �1�9�9�3 �� �b�y� �t�h�e� 

�p�r�i�c�e� �o�f� �m�a�i�z�e�,� �t�h�e� �f�e�r�t�i�l�i�z�e�r�-�m�a�i�z�e� �p�r�i�c�e� �r�a�t�i�o� �w�a�s� �2�.�1�7�9�9� �i�n� �1�9�9�2� �a�n�d� �2�.�7�6�8�8� �i�n� �1�9�9�3�.� 

�T�h�e� �n�a�t�i�o�n�a�l� �a�v�e�r�a�g�e� �o�f� �d�a�i�l�y� �w�a�g�e�s� �f�o�r� �i�n�f�o�r�m�a�l� �(�n�o�n�-�e�s�t�a�t�e�)� �a�g�r�i�c�u�l�t�u�r�a�l� �l�a�b�o�r� �i�s� 

�c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �s�m�a�l�l�h�o�l�d�e�r� �r�e�p�o�r�t�s� �o�f� �w�a�g�e�s� �r�e�c�e�i�v�e�d� �i�n� �t�h�e� �S�D�A� �m�o�d�u�l�e� �o�f� �t�h�e� �1�9�9�2�-�9�3� 

�N�S�S�A�.� �I�t� �i�s� �2�.�0�6�7� �M�K�/�d�a�y�.� �I�t� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �e�a�r�l�i�e�r� �W�o�r�l�d� �B�a�n�k� �r�e�p�o�r�t�s� �o�f� �g�a�n�y�u� 

�w�a�g�e� �l�e�v�e�l�s� �(�W�o�r�l�d� �B�a�n�k�,� �1�9�9�1�)�.� 
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�T�a�b�l�e� �6�.�1�A� 

�T�e�s�t�s� �f�o�r� �N�o�r�m�a�l�i�t�y� �o�f� �t�h�e� �R�e�s�i�d�u�a�l�s� 

�C�o�b�b�-�D�o�u�g�l�a�s� �F�u�n�c�t�i�o�n�a�l� �F�o�r�m� 

�A�p�p�e�n�d�i�x� �6� 

�R�e�s�u�l�t�s� �U�s�i�n�g� �C�o�b�b�-�D�o�u�g�l�a�s� �F�u�n�c�t�i�o�n�a�l� �F�o�r�m� 

� � 

� � 

� � 

� � 

� � 

�M�a�i�z�e� �N�i�t�r�o�g�e�n� �N�u�m�b�e�r� �o�f� �S�k�e�w� �|� �P�r�o�b�a�b�i�l�i�t�y� �|� �K�u�r�t�o�s�i�s� �|� �P�r�o�b�a�b�i�l�i�t�y� �|� �K�-�S�q�u�a�r�e�d� �|�P�r�o�b�a�b�i�l�i�t�y� 

�V�a�r�i�e�t�y� �A�p�p�l�i�c�a�t�i�o�n� �O�b�s�e�r�v�a�t�i�o�n�s� �>�C�h�i�-�s�q� �>�C�h�i�-�s�q� �>�C�h�i�-�s�q� 

�F�e�r�t�i�l�i�z�e�r� �4�9�4�3� �-�2�7�.�0�9� �0�.�0�0�0�0� �1�1�.�9�7� �0�.�0�0�0�0� �8�7�7�.�3�3� �0�.�0�0�0�0� 

�H�y�b�r�i�d� 

�M�a�i�z�e� 

�N�o� �F�e�r�t�i�l�i�z�e�r� �6�1�1�9� �-�2�2�.�8�2� �0�.�0�0�0�0� �4�.�9�2� �0�.�0�0�0�0� �5�4�4�.�9�8� �0�.�0�0�0�0� 

�F�e�r�t�i�l�i�z�e�r� �5�0�7�7� �-�2�0�.�4�1� �0�.�0�0�0�0� �6�.�8�3� �0�.�0�0�0�0� �4�6�3�.�1�8� �0�.�0�0�0�0� 
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