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ABSTRACT 

Since the 1970s Integrated Pest Management (IPM) has been promoted as an 

alternative to the singular reliance on pesticides to control agricultural pests. IPM 

involves the combination of chemical and non-chemical pest management practices to 

minimize pest damage to crops and reduce overall pesticide use. Although IPM has 

been promoted in both industrialized and Third World countries to reduce 

environmental and human health problems associated with pesticide use, it has not 

been widely adopted, particularly among small-scale farmers in the Third World. An 

important technical constraint to the adoption of IPM is the lack of simple, effective 

IPM techniques that farmers can easily incorporate into their existing farming 

systems. However, numerous non-technical constraints discourage farmers from 

adopting those IPM practices that have already been shown to be effective. Non- 

technical constraints to the adoption of IPM are the external political-economic forces 

and location-specific environmental, social and economic factors that may create 

obstacles to the adoption of IPM practices at the farm level. This thesis will use a 

political ecology approach to identify and examine the non-technical constraints to the 

adoption of IPM in the community of Denbigh Kraal in Jamaica.
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Chapter One 

Introduction 

In recent years, agricultural development strategies in Latin America and the 

Caribbean have begun to emphasize the production and export of nontraditional crops 

in order to diversify the regions’ agricultural base and national economies, earn more 

foreign exchange, increase employment, and involve more small-scale farmers in 

export production (Paus 1988, Deere et al. 1990, McAfee 1991, Thrupp 1994). 

Countries in Latin America and the Caribbean have traditionally depended on the 

export of a few primary agricultural commodities, such as coffee and bananas 

("traditional” exports), as a principal source of foreign exchange and economic 

growth (Paus 1988, Thrupp 1994). However, dependence on the production of low- 

value, relatively homogeneous traditional exports left countries in the region 

particularly vulnerable to the global recession of the 1980s, which depressed world 

markets for primary products, increased the relative costs of imported oil and 

manufactured goods, and led to rapid growth in the region’s external debts (Murray 

and Hoppin 1992). 

As a result of the regional economic decline, national policymakers and 

international aid and financial agencies, such as the United States Agency for 

International Development, the World Bank, and the International Monetary Fund, 

have sought to reduce the region’s dependence on traditional primary commodities by



promoting the production and export of more diverse, higher value crops, primarily to 

northern markets in the United States, Canada, and Europe. "Nontraditional 

agricultural exports" (NTAEs) are generally defined as exports that were either not 

previously grown in a particular country, or the export of crops that were traditionally 

produced only for domestic markets (Murray and Hoppin 1992, Thrupp 1994). For 

example, NTAEs include winter vegetables such as snow peas or broccoli; fruits such 

as strawberries, melons, and pineapples; non-food crops such as cut flowers and 

potted plants; or traditional domestic crops such as yams, cassava, and sweet potatoes 

that are now exported. In addition to generating more foreign exchange and reducing 

the region’s vulnerability to declining prices for traditional primary commodities, 

policymakers promote NTAEs as a way of improving the welfare of the rural poor 

through employment on large-scale farms or processing plants, or by increasing the 

involvement of small-scale farmers in export agriculture’ (Murray and Hoppin 1992, 

Thrupp 1994). 

In the Caribbean country of Jamaica (see Map 1-1), a series of external and 

internal events during the 1970s, such as declining tourism due to violence and 

  

1 The region’s unequal distribution of land concentrates the majority of the 
land among a small class of wealthy elite landowners and leaves the majority of 

farmers to cultivate only smal! plots. This has meant that many small-scale farmers 

have been excluded from export agriculture because traditional export commodities 
are typically produced on large plantations (Thrupp et al. 1995), with the exception, 
perhaps of coffee. However, because NTAEs tend to be high value products, they do 
not require as large-scale production as traditional agricultural exports to be profitable 
(Thrupp 1994).
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Map 1. The Caribbean region 

Map 1-1 The Caribbean Region 
Source: Richardson, Bonham C. 1992. The Caribbean in the Wider World, 1492- 

1992. Cambridge: Cambridge University Press. 

political upheaval, rising global oil prices, declining bauxite production, and falling 

global prices for primary commodities, combined to produce negative economic 

growth, high unemployment and inflation, and a shortage of foreign exchange 

(Mathieson 1988). As a result of these economic problems, Jamaica is now U.S. 

$4.5 billion in debt, the equivalent of 132 percent of its annual GDP (Pariser 1996). 

The Jamaican government, with the strong support of the United States, has tried to 

 



improve the Jamaican economy through structural adjustment policies and export-led 

economic development strategies (McAfee 1991). 

Agriculture is considered an important part of the Jamaican economy because, 

although it only makes up only seven to eight percent of the GDP, it employs 37 

percent of the workforce (Pariser 1996). However, Jamaica’s traditional agricultural 

exports (sugar, bananas, coffee, citrus, pimento, and cocoa) face increasing global 

competition and/or declining prices, and thus government officials and international 

organizations have promoted nontraditional agricultural exports as an important part 

of efforts to revive the agricultural sector and increase its contribution to the country’s 

economy, domestic food supplies, and employment levels. In particular, government 

officials hope to increase the participation of small-scale farmers in export agriculture 

as a way of increasing rural standards of living? (Ministry of Agriculture 1991). 

Agricultural planners, private investors, and international aid organizations and 

financial agencies view Jamaica’s nontraditional agricultural exports as "niche" 

products with high added value and the potential to increase foreign exchange 

earnings (Reid 1994). Thus far, Jamaica’s NTAEs have primarily been crops 

traditionally produced for domestic consumption. For example, vegetables such as 

sweet potatoes, yams, cassava, and pumpkins, and fruits such as papayas and 

mangoes that were traditionally produced for domestic markets are now being 

  

2 The majority of Jamaica’s farmers are small-scale growers. Of 159,000 
farmers, 113,000 own or operate less than 5 acres, while one half of one percent of 

growers control 55 percent of the land (Pariser 1996). 
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exported to meet the demands of Jamaicans and other West Indians living in the 

United States, the United Kingdom, and Canada (Reid 1996, personal interview). 

Between 1982 and 1993, production of NTAEs increased 72 percent, with an average 

annual growth rate of 5 percent (Reid and Lawrence 1994: 4). 

Despite the actual or potential economic benefits of nontraditional agricultural 

exports, their production has been associated with increases in pesticide use in Latin 

America and the Caribbean (Wright 1990, Murray and Hoppin 1992, Murray 1994, 

Thrupp et al. 1995). The dependence on, and misuse of pesticides in the region has 

long been attributed to its tropical climate and traditional agricultural development 

strategy (based on intensive, year-round monoculture cultivation), which allows pest 

populations to build up without interruption from cold weather or periodic breaks in 

cultivation (Holl et al. 1990, Wright 1990, Murray 1994, Thrupp 1994). Many 

nontraditional crops are subject to similar pest pressures, but because NTAEs are 

generally high-quality, high-value perishable products that must meet stringent 

aesthetic requirements for northern markets, their production often incurs even greater 

use of pesticides than traditional crops (Murray and Hoppin 1992). Furthermore, the 

push to involve small-scale farmers in export agriculture may be contributing to an 

overall increase in the number of farmers using pesticides in the region (Murray and 

Hoppin 1992, Murray 1994, Thrupp et al. 1995). 

The negative impacts of pesticide use and misuse associated with agricultural 

export-based development strategies in the Third World, and Latin America and the



Caribbean in particular, have been well-documented (Bull 1982, Wright 1990, Murray 

and Hoppin 1992, Thrupp 1994, Murray 1994, Pretty 1995, Thrupp et al. 1995). 

These negative impacts include pesticide-related deaths and illnesses; degradation of 

soil and water resources; poisoning of wildlife and fisheries; and disruption of natural 

ecosystems due to increasing pest resistance and the destruction of natural predators 

(Wright 1990, Murray 1994, Thrupp 1994). The development of pesticide-resistant 

pest populations and the destruction of natural predators reduces the effectiveness of 

chemical applications and raises farmers’ production costs as they are forced to apply 

an ever-increasing volume and variety of chemical controls (Holl et al. 1990, Murray 

1994). Furthermore, when pesticides are applied heavily, or too close to harvest 

time, residues accumulate on the crops and may exceed residue standards established 

by importing countries. According to Thrupp et ail. (1995: 6), between 1984 and 

1994, 14,000 shipments of NTAEs imported into the U.S. from Latin American and 

the Caribbean were detained by the U.S. Food and Drug Administration because 

pesticide residues exceeded U.S. standards. 

An alternative to the singular reliance on pesticides for the control of crop 

pests is Integrated Pest Management (IPM), which involves the combination of 

chemical and non-chemical pest control practices to minimize pest damage to crops, 

while reducing the overall amount of pesticides used in the farming system. 

Nonchemical farming practices may include cultural pest controls, genetic 

engineering, biological controls, and legal controls (Pimbert 1991). Under IPM,



chemicals are only applied as needed, based on an economic analysis of potential loss 

versus cost of application, rather than on a calendar or prophylactic basis. 

The potential for IPM to lower production costs, increase pest management 

effectiveness, lessen the negative impacts of pesticides on the environment and human 

health, and reduce pesticide residues on crops, has been demonstrated successfully on 

a number of research and demonstration plots, and on farm trials in a range of 

geographic locations and agro-ecosystems (Holl et al. 1990, Kiss and Meerman 1991, 

Mill 1993, Matteson 1992, Rajotte 1993, Pretty 1995). However, IPM has not been 

widely adopted, particularly among small-scale farmers in the Third World, for a 

number of reasons. First, an important technical’ constraint to the adoption of IPM 

is the lack of simple, effective pest control techniques that all farmers can easily 

incorporate into their existing farming practices. While many IPM practices have 

proven effective in controlled research experiments, the techniques are often complex 

and not easily transferred from research stations to individual farms. Furthermore, 

pesticides provide more readily visible, dramatic results than do IPM practices, and 

thus farmers are often reluctant to reduce their use of pesticides (Kiss and Meerman 

1991). 

  

3 "Technical" is used here to refer to general research on the biology of pests 
and beneficial organisms (and their interactions) in agroecosystems, and the 

application of this knowledge to the design of simple, effective, pest management 

practices. "Non-technical" will be used to refer to external political-economic forces 
and local environmental, social, and economic conditions that may create obstacles to 

the adoption of IPM practices at the farm level. 
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A second set of obstacles, and the focus of this thesis, are the "non-technical" 

constraints to IPM that may discourage farmers from adopting IPM at the farm level 

(Wearing 1988, Holl et al. 1990, Matteson 1992). Non-technical constraints to the 

adoption of IPM are external political-economic forces and location-specific 

environmental, social, and economic conditions that interact to create obstacles to the 

adoption of IPM at the farm level. Of particular concern are the external and local 

factors that shape patterns of pesticide use at the local level. For example, political- 

economic forces such as government subsidies for pesticides or markets that reward 

farmers with higher prices for unblemished products may encourage farmers to use 

pesticides. Agroecological conditions, such as a hot, humid climate and monoculture 

cropping systems, may magnify pest problems and lead farmers to increase their use 

of pesticides. A lack of household labor (or cash to hire labor) might force farmers 

to rely on pesticides to save labor. These and other factors, and farmers’ responses 

to them, vary from one location to another and may create obstacles to the adoption 

of IPM. 

Other potential non-technical constraints to the adoption of IPM are the 

individual attitudes and beliefs farmers hold regarding the safety and effectiveness of 

pesticides (Holl et al. 1990, Kiss and Meerman 1991, MacKay ef a/. 1993). As 

Grossman (1992a) has found, there is a great deal of variation in farmers’ attitudes 

and beliefs regarding pesticide use, which may limit or exacerbate the impacts of 

external political-economic pressures to use pesticides. For example, farmers who



have not had problems with pesticide resistance, or who do not believe pesticides pose 

a health hazard, may not be as interested in alternative pest control methods as those 

who believe pesticides are becoming less effective or that pesticides pose a health 

risk. Thus, individual attitudes and beliefs may also create obstacles to the adoption 

of IPM practices. In addition, individual farmer’s perceptions of the seriousness of 

non-pest problems relative to pest problems are important. Farmers who have more 

serious constraints to farming than pest problems, such as water or labor shortages, 

may show little interest in adopting IPM. 

In order for even the most effective, efficient IPM practices to successfully 

control pest populations and reduce pesticide use, farmers must first be willing and 

able to adopt new pest management techniques. Farmers must trust that IPM will 

meet their pest control needs as well, or better than, pesticides do. As a result, 

appropriate IPM programs must be based on farmers’ perceptions of pest problems 

and individual beliefs and attitudes regarding the safety and effectiveness of 

pesticides. Therefore, as part of the process of designing and implementing 

appropriate IPM programs, it is essential to identify and address both the external and 

local factors that shape individual patterns of pesticide use. 

RESEARCH PROBLEM 

In 1993, the U.S. Agency for International Development (AID) initiated the 

Integrated Pest Management Collaborative Research Support Program (IPM CRSP)



with the goal of protecting crops and the environment in the Third World, as well as 

consumers in the U.S. (Virginia Polytechnic Institute and State University). While 

AID eventually hopes to spread IPM globally, Jamaica was selected as one of four 

initial research sites. The IPM CRSP project in Jamaica is being implemented in the 

context of government and international pressure to increase the production of 

NTAEs, maintain high aesthetic quality of the exports, reduce the amount of 

pesticides used in the production process, and increase small-scale farmer involvement 

in export agriculture. As a result, the specific goal of the IPM project in Jamaica is 

to reduce pesticide residues on vegetable crops through the design and implementation 

of IPM practices for small-scale farmers. 

Currently, researchers from the U.S. and Jamaica are working to design IPM 

practices in 11 communities in the parishes of Clarendon, St. Catherine, and St. Mary 

(see Map 1-2). Background socioeconomic research conducted by an interdisciplinary 

team of sociologists, economists, and extension agents during the first two years of 

the project identified important differences in local environmental, social, and 

economic conditions, and individual attitudes and beliefs regarding pesticide use, 

between the research communities in St. Mary, and those located in Clarendon and 

St. Catherine. These variations may create different non-technical constraints to the 

adoption of IPM and thus must be identified and addressed as part of the process of 

designing appropriate IPM programs in each of the research communities. 
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Map 1-2 IPM CRSP Research Communities in Jamaica



As part of the effort to evaluate the potential for implementation of IPM 

among small-scale farmers in Jamaica, this thesis will identify the non-technical 

constraints to the adoption of IPM in the production of NTAEs by small-scale farmers 

in one of the IPM CRSP research communities - Denbigh Kraal, Clarendon. In 

particular, I will try to identify the local environmental, social and economic factors, 

as well as the individual attitudes and beliefs regarding the safety and effectiveness of 

pesticide use, that interact with external political-economic forces to create potential 

obstacles to the adoption of IPM. I will also address the larger question of whether 

the IPM CRSP project, in the context of NTAEs as an economic development 

strategy, is meeting the needs of small-scale, resource-poor farmers. In other words, 

are pests and pesticide problems an important obstacle to the participation of smaill- 

scale farmers in the production of NTAEs, or are there more serious constraints that 

prevent farmers from realizing the supposed benefits of NTAEs? 

Of the 11 communities involved in the IPM CRSP project, Denbigh Kraal 

provides an ideal setting in which to study how external and local factors interact to 

influence pesticide use because many of the residents of Denbigh Kraal have recently 

been relocated from the hilltop community of Mocho (to make way for bauxite mining 

by the ALCOA aluminum company) to the recently established community of 

Denbigh Kraal. The relocation has led to changes in farmers’ environmental, 

economic, and social conditions, thus providing the opportunity to compare how 

changes in local-level factors influence farmers’ response to external political- 

12



economic pressures. 

A political ecology approach, discussed in Chapter Two, will be used as the 

framework within which to identify and analyze the factors influencing small-scale 

farmers’ willingness and ability to adopt IPM practices in the production of NTAEs. 

Political ecology combines two themes in geography; cultural ecology and political 

economy. Cultural ecology refers to the study of the complex interrelationships 

between humans and their physical environments, while political economy refers to 

the role of political forces, such as the state and capital, in influencing the distribution 

of wealth and resources. The combination of these themes allows the researcher to 

identify a broad range of factors that influence patterns of resource use at the local 

level. Thus, political ecology provides a comprehensive framework within which to 

identify and analyze how both local and external factors that may create non-technical 

constraints to the adoption of IPM in the production of NTAEs. 

In the past, the political ecology perspective has been used to analyze complex 

patterns of resource use and environmental degradation in the Third World (Bryant 

1992, Schroeder 1993, Stonich 1993). More recently, political ecology has been used 

to analyze the impacts of so called "sustainable development" projects; projects that 

are intended to both protect the environment and improve the welfare of the resource 

users (Schroeder 1993, Zimmerer 1993a, Rocheleau et al. 1995). This approach will 

be used to address the question of whether the IPM CRSP project, in the context of 

promoting NTAEs as an economic development strategy and protecting the 

13



environment, is meeting the needs of small-scale, resource-poor farmers. 

After a review of political ecology in Chapter Two, I turn to a discussion of 

the emergence of IPM as an alternative to reliance on pesticides and constraints to the 

adoption of IPM in Chapter Three. Chapter Four provides background material on 

the IPM CRSP project and the findings of the previous socioeconomic research 

conducted during the first two years of the project. In Chapter Five, I present the 

results and analysis of my own fieldwork in Denbigh Kraal, Clarendon. I will 

evaluate the implications of the non-technical constraints to the adoption of IPM in 

Denbigh Kraal for the IPM CRSP project as well as examine the IPM CRSP strategy 

in the context of the IPM constraints literature and recent work in political ecology. 

Finally, in Chapter Seven I will conclude with an explanation of how local and 

external factors interact to create non-technical constraints to the adoption of IPM in 

Denbigh Kraal, Clarendon. 

14



Chapter Two 

Political Ecology 

A wide range of local and external factors create non-technical constraints to 

the adoption of IPM among small-scale farmers in the Third World. In Jamaica, a 

number of non-technical constraints may impede small-scale farmers from adopting 

IPM practices in the production of NTAEs. Thus, the IPM CRSP project must 

identify and address non-technical constraints to the adoption of IPM as part of the 

process of designing and implementing appropriate IPM practices among small-scale 

farmers. As part of this effort, this thesis will use a political ecology framework, 

which provides a holistic approach to the study of human-environment relations, to 

identify and examine the factors that create non-technical constraints to the adoption 

of IPM among small-scale farmers in the community of Denbigh Kraal, Clarendon. 

In the past decade, political ecology has emerged as an important framework 

for understanding patterns of resource use and environmental degradation in the Third 

World (Bryant 1992, Schroeder 1993, Stonich 1993). Political ecology integrates 

perspectives from cultural ecology and political economy to create an holistic 

approach to the analysis of changing human-environment relations. Political ecology 

can be contrasted with "single hypothesis” approaches that attribute environmental 

problems (such as deforestation, soil erosion, famine, and biodiversity loss) to 

Malthusian population pressures or peasant irrationality and ignorance (Blaikie 1985, 

15



Blaikie and Brookfield 1987, Bassett 1988, Grossman 1993, Jarosz 1993, Stonich 

1993). Narrow "single hypothesis" perspectives, which ignore political-economic 

factors, tend to characterize resource users as poverty stricken peasants, 

indiscriminately destroying forests for fields and food (Jarosz 1993), or causing soil 

erosion by carelessly farming on steep slops or employing other inappropriate 

cultivation practices (Zimmerer 1993a). As Blaikie (1985) argues, most of the early 

attempts to include social factors in the study of soil erosion and conservation implied 

that the social problems start with ‘them’ - the land users. Such analyses neglect the 

historical and contemporary ecological and political-economic contexts in which the 

resource users operate, often resulting in the design of inappropriate "solutions" to 

environmental problems (Blaikie 1985, Jarosz 1993, Rocheleau et al. 1995). 

To counter the narrow focus of the single hypothesis approach, geographers 

and other social scientists have integrated perspectives from cultural ecology and 

political economy to form a new perspective that encompasses the multiple 

environmental, political, social, and economic factors that influence the relationships 

between resource users and their environments. Cultural ecology refers to the study 

of the complex interrelationships between humans and their physical environments, 

and traditionally did not consider the influence of external political-economic factors. 

However, cultural ecology provides the analytical tools to identify environmental and 

social phenomena that help shape patterns of resource use at local and regional levels. 

Environmental and social factors that influence nature-society relationships include: 

16



environmental variables (Grossman 1993) such as climate, topography, soil 

conditions, and hydrologic cycles; patterns of resource use (Bassett 1988, Grossman 

1993) such as shifting cultivation, livestock herding, and agroforestry; demographic 

factors (Stonich 1993), such as population growth and migration; and livelihood 

strategies (Bryant 1992) such as multiple cropping and off-farm wage labor. 

Furthermore, cultural ecology recognizes that each society or social group has its own 

cultural traditions that it uses to adapt or adjust to the physical environment and 

sustain itself. Thus, cultural ecologists are also concerned with cultural differences in 

ethnic, racial, gender and other relations from one society to another, and how these 

differences affect individual and group resource use decisions. Through the 

identification of these local and regional environmental and social factors, and the 

analysis of their interactions over time, cultural ecology provides an understanding of 

the relationships between immediate physical environments and resource users. 

The political ecology perspective, on the other hand, also considers the 

historical and contemporary regional, national and international political and economic 

forces that influence human-environment relations. More specifically, it recognizes 

the role of external factors, in the form of the state and capital, in altering established 

patterns of resource use (Grossman 1981). These external forces, over which 

individuals and households have little control, serve as a catalyst to the integration of 

local groups into regional, state, and world economies, creating new resource 

management opportunities and constraints (Butzer 1989). Relevant political-economic 
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factors may include: the commercialization of property relations or the introduction of 

cash-income earning opportunities (Grossman 1981); colonial policies such as the 

prohibition of slash and burn agriculture (Jarosz 1993); formal or informal 

government policies such as the promotion of agricultural exports (Stonich 1993) or 

pastoralism (Bassett 1988); market factors such as world commodity prices and terms 

of trade (Grossman 1984); and institutional factors such as structural adjustment 

policies (Jarosz 1993). The identification of these and other political-economic factors 

provides the recognition (absent in the single hypothesis approach) that the state, 

capital, market forces, and the distribution of wealth play important roles in shaping 

patterns of resource use at the local and regional levels. 

Simple enumeration of ecological and political-economic conditions does not, 

however, provide sufficient explanation for changing human-environment relations. 

The key to political ecology is a rigorous examination of the interaction among these 

multiple factors; an explanation of how national and international policies impact the 

decision-making process of resource users at the local level, as well as how the 

actions of the resource users themselves influence national and international policy. 

The term political ecology was first used, although not explicitly defined, by 

anthropologist Eric Wolf in his 1972 article "Ownership and Political Ecology." 

Referring to property rights and strategies of production and reproduction in the Swiss 

Alps, Wolf (1972: 201) wrote that local rules of ownership and inheritance are "not 

merely an outcome of local or regional ecological processes," but are mechanisms 

18



which mediate between the pressures emanating from the larger society and the 

immediate demands of the local ecosystem. He called for further research to combine 

inquiries into multiple local ecological contexts with greater knowledge of social and 

political history. 

Although the term political ecology was not widely adopted at the time, many 

academics began integrating the perspectives of global political economy and cultural 

ecology into studies of resource use and environmental degradation in the early 1980s. 

Franke and Chasin (1980), Watts (1983), Hecht (1985), Blaikie (1985) and others, 

criticized superficial, single hypothesis analyses of environmental degradation, calling 

instead for more comprehensive studies designed to consider multiple causes of 

changing human-environment relations. For example, studies by Franke and Chasin 

(1980) and Watts (1983) in western Africa, sought to dispel the myth that periodic 

droughts and famines were simply a matter of human populations trying, 

unsuccessfully, to live in an inhospitable climate. Franke and Chasin’s (1980) study 

of the 1968-1974 Sahel drought and famine integrated an analysis of regional ecology 

and the resource users who rely on the land for their livelihood, with an analysis of 

the impacts of colonial and international political-economic policies on the region. By 

integrating multiple factors into their analysis, they demonstrated that although the 

Sahel region is prone to drought, external political-economic factors, such as the 

promotion of groundnut production, were responsible for "vastly" increasing the 

region’s vulnerability to drought (1980: x). Watts’ (1983) study of food and famine 
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�i�n� �N�i�g�e�r�i�a� �f�o�c�u�s�e�d� �m�o�r�e� �s�p�e�c�i�f�i�c�a�l�l�y� �o�n� �t�h�e� �m�a�n�n�e�r� �i�n� �w�h�i�c�h� �c�a�p�i�t�a�l�i�s�t� �e�x�p�a�n�s�i�o�n�,� 

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

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

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

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

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

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

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

�(�1�9�8�3�:� �x�x�i�i�i�)�.� 

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

�a�l�r�e�a�d�y� �i�n� �u�s�e� �d�u�r�i�n�g� �t�h�e� �1�9�8�0�s�,� �P�i�e�r�s� �B�l�a�i�k�i�e� �a�n�d� �H�a�r�o�l�d� �B�r�o�o�k�f�i�e�l�d� �(�1�9�8�7�)� �a�r�e� 

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

�d�e�g�r�a�d�a�t�i�o�n� �i�n� �t�h�e� �T�h�i�r�d� �W�o�r�l�d� �(�B�a�s�s�e�t�t� �1�9�8�8�,� �Z�i�m�m�e�r�e�r� �1�9�9�1�,� �S�t�o�n�i�c�h� �1�9�9�3�,� �P�e�e�t� 

�a�n�d� �W�a�t�t�s� �1�9�9�3�)�.� �I�n� �L�a�n�d� �D�e�g�r�a�d�a�t�i�o�n� �a�n�d� �S�o�c�i�e�t�y�,� �B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �i�d�e�n�t�i�f�i�e�d� 

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

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

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

�e�c�o�l�o�g�y� �a�n�d� �a� �b�r�o�a�d�l�y� �d�e�f�i�n�e�d� �p�o�l�i�t�i�c�a�l� �e�c�o�n�o�m�y�"� �(�B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �1�9�8�7�:� �1�7�)�.� 

�B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �(�b�i�d�.�)� �e�n�v�i�s�i�o�n�e�d� �r�e�g�i�o�n�a�l� �p�o�l�i�t�i�c�a�l� �e�c�o�l�o�g�y� �a�s� 

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

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

�l�a�n�d� �d�e�g�r�a�d�a�t�i�o�n� �i�n� �t�h�e� �T�h�i�r�d� �W�o�r�l�d�.� �B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d ��s� �g�o�a�l� �i�n� �i�n�t�r�o�d�u�c�i�n�g� �t�h�e� 

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

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

�l�a�n�d� �d�e�g�r�a�d�a�t�i�o�n� �d�o�e�s� �n�o�t� �e�x�i�s�t�,� �t�h�e�y� �a�s�s�e�r�t� �n�o�n�e�t�h�e�l�e�s�s�,� �t�h�a�t� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �i�d�e�n�t�i�f�y� 

�s�t�r�u�c�t�u�r�a�l� �s�i�m�i�l�a�r�i�t�i�e�s� �i�n� �t�h�e� �T�h�i�r�d� �W�o�r�l�d� �(�s�u�c�h� �a�s� �p�o�l�i�t�i�c�a�l� �a�n�d� �e�c�o�n�o�m�i�c� 

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

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

�a�n�a�l�y�s�e�s� �o�f� �l�a�n�d� �d�e�g�r�a�d�a�t�i�o�n�.� 

�S�i�n�c�e� �B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �a�r�t�i�c�u�l�a�t�e�d� �t�h�e�i�r� �r�e�g�i�o�n�a�l� �p�o�l�i�t�i�c�a�l� �e�c�o�l�o�g�y� 

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

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

�w�i�d�e� �r�a�n�g�e� �o�f� �r�e�s�o�u�r�c�e�-�u�s�e� �i�s�s�u�e�s�,� �i�n�c�l�u�d�i�n�g�:� �p�e�a�s�a�n�t�-�h�e�r�d�e�r� �c�o�n�f�l�i�c�t�s� �(�B�a�s�s�e�t�t� �1�9�8�8�)�,� 

�s�h�i�f�t�i�n�g� �c�u�l�t�i�v�a�t�i�o�n� �a�n�d� �d�e�f�o�r�e�s�t�a�t�i�o�n� �(�J�a�r�o�s�z� �1�9�9�3�)�,� �e�x�p�o�r�t� �a�g�r�i�c�u�l�t�u�r�e� �v�e�r�s�u�s� 

�s�u�b�s�i�s�t�e�n�c�e� �f�o�o�d� �p�r�o�d�u�c�t�i�o�n� �(�G�r�o�s�s�m�a�n� �1�9�9�3�)�,� �c�o�n�f�l�i�c�t�s� �b�e�t�w�e�e�n� �r�e�s�o�u�r�c�e� �u�s�e�r�s� �a�n�d� 

�t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �n�a�t�i�o�n�a�l� �p�a�r�k�s� �(�M�o�o�r�e� �1�9�9�3�)�,� �e�x�p�o�r�t�-�b�a�s�e�d� �e�c�o�n�o�m�i�c� 

�d�e�v�e�l�o�p�m�e�n�t� �s�t�r�a�t�e�g�i�e�s� �(�S�t�o�n�i�c�h� �1�9�9�3�)�,� �a�n�d� �m�o�s�t� �r�e�c�e�n�t�l�y�,� �p�l�a�n�n�e�d�  ��s�u�s�t�a�i�n�a�b�l�e� 

�d�e�v�e�l�o�p�m�e�n�t �� �p�r�o�j�e�c�t�s� �(�S�c�h�r�o�e�d�e�r� �1�9�9�3�,� �Z�i�m�m�e�r�e�r� �1�9�9�3�a�,� �R�o�c�h�e�l�e�a�u� �e�t� �a�l�.� �1�9�9�5�)�.� 

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

�c�o�l�o�n�i�a�l�i�s�m� �t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� �d�e�g�r�a�d�a�t�i�o�n� �(�e�.�g�.�,� �F�r�a�n�k�e� �a�n�d� �C�h�a�s�i�n� �1�9�8�0�,� �W�a�t�t�s� �1�9�8�3�,� 

�J�a�r�o�s�z� �1�9�9�3�)� �a�n�d� �i�d�e�n�t�i�f�i�e�s� �t�h�e� �c�o�n�n�e�c�t�i�o�n� �b�e�t�w�e�e�n� �c�o�n�t�e�m�p�o�r�a�r�y� �n�a�t�i�o�n�a�l� �e�c�o�n�o�m�i�c� 
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�d�e�v�e�l�o�p�m�e�n�t� �s�t�r�a�t�e�g�i�e�s� �(�o�f�t�e�n� �p�r�o�m�o�t�e�d� �a�n�d� �f�i�n�a�n�c�e�d� �b�y� �i�n�t�e�r�n�a�t�i�o�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n�s� 

�s�u�c�h� �a�s� �t�h�e� �I�M�F�,� �W�o�r�l�d� �B�a�n�k�,� �a�n�d� �b�i�l�a�t�e�r�a�l� �a�g�e�n�c�i�e�s�)� �a�n�d� �c�o�n�t�i�n�u�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

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

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

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

�1�9�9�3�,� �Z�i�m�m�e�r�e�r� �1�9�9�3�a�,� �R�o�c�h�e�l�e�a�u� �e�t� �a�l�.� �1�9�9�5�)�.� �T�h�e�s�e� �s�t�r�a�t�e�g�i�e�s� �a�r�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� 

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

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

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

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

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

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

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

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

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

�W�a�t�t�s� �1�9�8�3�)�.� �A�s�a� �r�e�s�u�l�t�,� �s�o�l�u�t�i�o�n�s� �d�e�s�i�g�n�e�d� �s�o�l�e�l�y� �t�o� �a�d�d�r�e�s�s� �s�o�i�l� �d�e�g�r�a�d�a�t�i�o�n�,� �o�r� 

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

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

�e�c�o�l�o�g�y� �s�t�u�d�i�e�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e� �(�F�r�a�n�k�e� �a�n�d� �C�h�a�s�i�n� �1�9�8�0�,� �W�a�t�t�s� �1�9�8�3�,� �H�e�c�h�t� �1�9�8�5�)�,� 

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

�d�e�g�r�a�d�a�t�i�o�n� �i�n� �T�h�i�r�d� �W�o�r�l�d� �c�o�u�n�t�r�i�e�s�.� 

�2�2



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

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

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

�P�e�e�t� �a�n�d� �W�a�t�t�s� �(�1�9�9�3�:� �2�3�9�)� �d�e�s�c�r�i�b�e� �p�o�l�i�t�i�c�a�l� �e�c�o�l�o�g�y� �a�s� �a� �b�r�o�a�d�,� �w�i�d�e�-�r�a�n�g�i�n�g� 

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

�(�1�9�9�2�:� �1�3�)� �r�e�f�e�r�s� �t�o� �p�o�l�i�t�i�c�a�l� �e�c�o�l�o�g�y� �a�s� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �s�i�m�i�l�a�r� �a�p�p�r�o�a�c�h�e�s�,� �r�a�t�h�e�r� �t�h�a�n� 

�a� �u�n�i�f�i�e�d� �r�e�s�e�a�r�c�h� �a�g�e�n�d�a�,� �a�n�d� �M�o�o�r�e� �(�1�9�9�3�:� �8�1�)� �c�a�l�l�s� �i�t� �a� �"�f�a�m�i�l�y� �r�e�s�e�m�b�l�a�n�c�e �� 

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

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

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

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

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

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

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

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

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

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

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

�s�p�e�c�i�f�i�c� �(�B�l�a�i�k�i�e� �1�9�8�5�,� �B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �1�9�8�7�)�,� �l�o�c�a�l�-�l�e�v�e�l� �(�B�a�s�s�e�t�t� �1�9�8�8�)�,� �a�n�d� 

�m�i�c�r�o�-�s�c�a�l�e� �(�G�r�o�s�s�m�a�n� �1�9�8�4�,� �S�t�o�n�i�c�h� �1�9�9�3�)�.� �P�o�l�i�t�i�c�a�l� �e�c�o�n�o�m�y� �f�o�r�c�e�s� �a�r�e� �a�l�s�o� �k�n�o�w�n� 

�a�s� �e�x�t�e�r�n�a�l�,�  ��n�o�n�-�p�l�a�c�e�-�b�a�s�e�d �� �o�r� �n�o�n�-�l�o�c�a�t�i�o�n�-�s�p�e�c�i�f�i�c� �(�B�l�a�i�k�i�e� �1�9�8�5�,� �B�l�a�i�k�i�e� �a�n�d� 
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�B�r�o�o�k�f�i�e�l�d� �1�9�8�7�)�,� �m�a�c�r�o�-�s�c�a�l�e� �(�G�r�o�s�s�m�a�n� �1�9�9�3�)�,� �a�n�d� �s�t�r�u�c�t�u�r�a�l� �(�Z�i�m�m�e�r�e�r� �1�9�9�1�,� 

�M�o�o�r�e� �1�9�9�3�)�.� 

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

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

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

�B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �1�9�8�7�,� �Z�i�m�m�e�r�e�r� �1�9�9�1�,� �M�o�o�r�e� �1�9�9�3�,� �S�c�h�r�o�e�d�e�r� �1�9�9�3�,� �S�t�o�n�i�c�h� 

�1�9�9�3�)�.� �B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �i�d�e�n�t�i�f�y� �f�o�u�r� �s�u�c�h� �l�e�v�e�l�s� �o�f� �a�n�a�l�y�s�i�s�:� �1�)� �l�o�c�a�l�-�l�e�v�e�l�,� 

�s�i�t�e�-�s�p�e�c�i�f�i�c� �a�n�a�l�y�s�i�s� �o�f� �i�n�d�i�v�i�d�u�a�l�,� �o�r� �s�m�a�l�l�-�g�r�o�u�p�,� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �p�r�o�c�e�s�s�e�s�;� �2�)� 

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

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

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

�c�o�n�t�e�x�t� �f�o�r� �l�a�n�d�-�m�a�n�a�g�e�m�e�n�t� �d�e�c�i�s�i�o�n�s�,� �a�n�d� �4�)� �i�n�t�e�r�n�a�t�i�o�n�a�l�-�l�e�v�e�l� �a�n�a�l�y�s�i�s� �w�h�i�c�h� 

�i�n�v�o�l�v�e�s� �t�h�e� �w�o�r�l�d� �e�c�o�n�o�m�y� �(�1�9�8�7�:� �6�8�)�.� �B�a�s�s�e�t�t� �(�1�9�8�8�)� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�e� �n�e�c�e�s�s�i�t�y� �o�f� 

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

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

�e�m�a�n�a�t�i�n�g� �f�r�o�m� �t�h�e� �s�t�a�t�e�.� �S�c�h�r�o�e�d�e�r� �(�1�9�9�3�)� �a�n�d� �M�o�o�r�e� �(�1�9�9�3�)� �t�a�k�e� �t�h�e�i�r� �a�n�a�l�y�s�e�s� �t�o� 

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

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

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

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

�a�n�d� �h�i�s�t�o�r�i�c�a�l� �f�r�a�m�e�w�o�r�k� �(�B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �1�9�8�7�,� �B�a�s�s�e�t�t� �1�9�8�8�,� �Z�i�m�m�e�r�e�r� �1�9�9�1�,� 
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�B�r�y�a�n�t� �1�9�9�2�,� �G�r�o�s�s�m�a�n� �1�9�9�3�,� �J�a�r�o�s�z� �1�9�9�3�,� �S�t�o�n�i�c�h� �1�9�9�3�)�.� �H�i�s�t�o�r�i�c�a�l� �a�n�d� �g�e�o�g�r�a�p�h�i�c� 

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

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

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

�F�o�r� �e�x�a�m�p�l�e�,� �Z�i�m�m�e�r�e�r� �(�1�9�9�3�b�)� �a�r�g�u�e�s� �t�h�a�t� �m�o�s�t� �c�o�n�d�i�t�i�o�n�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �s�o�i�l� 

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

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

�c�i�r�c�u�m�s�t�a�n�c�e�s�.� �B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d�  ��(� �1�9�8�7�)� �u�n�d�e�r�s�c�o�r�e� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �a� 

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

�t�h�a�t�:� 

�[�T�]�h�e� �a�d�j�e�c�t�i�v�e�  ��r�e�g�i�o�n�a�l �� �i�s� �i�m�p�o�r�t�a�n�t� �b�e�c�a�u�s�e� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �t�a�k�e� �a�c�c�o�u�n�t� 
�o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �v�a�r�i�a�b�i�l�i�t�y� �a�n�d� �t�h�e� �s�p�a�t�i�a�l� �v�a�r�i�a�t�i�o�n�s� �i�n� �r�e�s�i�l�i�e�n�c�e� �a�n�d� 
�s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �l�a�n�d�,� �a�s� �d�i�f�f�e�r�e�n�t� �d�e�m�a�n�d�s� �a�r�e� �p�u�t� �o�n� �t�h�e� �l�a�n�d� �t�h�r�o�u�g�h� �t�i�m�e� 
�(�1�9�8�7�:� �1�7�)�.� 

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

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

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

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

�d�e�g�r�a�d�a�t�i�o�n� �(�B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �1�9�8�7�)�.� �J�a�r�o�s�z� �(�1�9�9�3�)� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�e� 

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

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

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

�s�h�i�f�t�i�n�g�-�c�u�l�t�i�v�a�t�i�o�n�.� 

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

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

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

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

�B�l�a�i�k�i�e� �a�n�d� �B�r�o�o�k�f�i�e�l�d� �(�1�9�8�7�)� �r�e�f�e�r� �t�o� �t�h�i�s� �p�r�o�c�e�s�s� �a�s� �e�s�t�a�b�l�i�s�h�i�n�g�  ��c�h�a�i�n�s� �o�f� 

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

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

�"�f�i�r�m�l�y� �c�l�o�s�e�d� �a�r�o�u�n�d� �t�h�e� �n�e�x�t �� �(�1�9�8�7�:� �4�7�)�.� �I�n� �h�i�s� �s�t�u�d�y� �o�f� �p�e�a�s�a�n�t�-�h�e�r�d�e�r� �c�o�n�f�l�i�c�t�s�,� 

�B�a�s�s�e�t�t� �(�1�9�8�8�)� �r�e�f�e�r�s� �t�o� �t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �a� �"�c�h�a�i�n� �o�f� �c�a�u�s�a�l�i�t�y �� �i�n� �w�h�i�c�h� �h�i�s� �g�o�a�l� �i�s� 

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

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

�b�e�t�w�e�e�n� �l�o�c�a�l�-�l�e�v�e�l� �d�e�c�i�s�i�o�n� �m�a�k�i�n�g� �a�n�d� �t�h�e� �l�a�r�g�e�r� �p�o�l�i�t�i�c�a�l� �e�c�o�n�o�m�y� �(�B�l�a�i�k�i�e� �1�9�8�5�,� 

�Z�i�m�m�e�r�e�r� �1�9�9�1�,� �G�r�o�s�s�m�a�n� �1�9�9�3�,� �S�t�o�n�i�c�h� �1�9�9�3�)�.� �W�h�i�l�e� �t�h�e� �m�e�t�h�o�d�o�l�o�g�i�e�s� �e�m�p�l�o�y�e�d� 

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

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

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

�s�t�u�d�i�e�s�.� 

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

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

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

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

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

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

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

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

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

�i�m�p�o�r�t�a�n�t�.� 
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�C�h�a�p�t�e�r� �T�h�r�e�e� 

�I�n�t�e�g�r�a�t�e�d� �P�e�s�t� �M�a�n�a�g�e�m�e�n�t� 

�P�r�i�o�r� �t�o� �W�o�r�l�d� �W�a�r� �I�I�,� �f�a�r�m�e�r�s� �a�r�o�u�n�d� �t�h�e� �w�o�r�l�d� �r�e�l�i�e�d� �p�r�i�m�a�r�i�l�y� �o�n� 

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

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

�p�r�o�t�e�c�t� �f�o�o�d� �s�u�p�p�l�i�e�s� �f�r�o�m� �d�e�s�t�r�u�c�t�i�o�n� �b�y� �i�n�s�e�c�t�s� �(�H�o�l�l� �e�t� �a�l�.� �1�9�9�0�,� �K�i�s�s� �a�n�d� 

�M�e�e�r�m�a�n� �1�9�9�1�,� �Z�a�l�o�m� �e�t� �a�l�.� �1�9�9�2�,� �Z�a�l�o�m� �1�9�9�3�)�.� �W�i�t�h� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�y�n�t�h�e�t�i�c� 

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

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

�v�i�s�i�b�l�e� �r�e�s�u�l�t�s� �(�K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �R�a�j�o�t�t�e� �1�9�9�3�)�.� �U�.�S�.� �f�a�r�m�e�r�s� �w�e�r�e� 

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

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

�i�n�c�e�n�t�i�v�e�s�.� �A�s� �a� �r�e�s�u�l�t�,� �p�e�s�t�i�c�i�d�e� �d�e�v�e�l�o�p�m�e�n�t�,� �p�r�o�d�u�c�t�i�o�n�,� �a�n�d� �u�s�e� �q�u�i�c�k�l�y� �b�e�c�a�m�e� 

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

�c�r�o�p� �p�e�s�t�s� �(�Z�a�l�o�m� �e�t� �a�l�.� �1�9�9�2�)�.� 

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

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

�o�r�g�a�n�i�z�a�t�i�o�n�s� �s�e�e�k�i�n�g� �t�o� �i�m�p�r�o�v�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� �i�n� �t�h�e� �T�h�i�r�d� �W�o�r�l�d�.� �T�h�e� 
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�G�r�e�e�n� �R�e�v�o�l�u�t�i�o�n�,� �p�r�o�m�o�t�e�d� �a�s� �t�h�e� �k�e�y� �t�o� �a�g�r�i�c�u�l�t�u�r�a�l� �m�o�d�e�r�n�i�z�a�t�i�o�n�*�,� �w�a�s� �b�a�s�e�d� 

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

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

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

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

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

�(�W�r�i�g�h�t� �1�9�9�0�)�.� 

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

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

�(�K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�)�.� �I�n�s�t�e�a�d�,� �t�h�e� �i�n�t�e�n�s�i�v�e�,� �i�n�d�i�s�c�r�i�m�i�n�a�t�e� �u�s�e� �o�f� �p�e�s�t�i�c�i�d�e�s� �h�a�s� 

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

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

�p�e�s�t�s �� �(�H�o�l�l� �e�t� �a�l�.� �1�9�9�0�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �Z�a�l�o�m� �e�t� �a�l�.� �1�9�9�2�,� �J�a�c�o�b�s�e�n� �a�n�d� 

�B�a�c�k�m�a�n� �1�9�9�3�,� �R�a�j�o�t�t�e� �1�9�9�3�,� �Z�a�l�o�m� �1�9�9�3�)�.� �A�t�t�e�m�p�t�s� �t�o� �c�o�m�p�l�e�t�e�l�y� �e�r�a�d�i�c�a�t�e� �p�e�s�t�s� 

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

� � 

�4� �T�h�e� �G�r�e�e�n� �R�e�v�o�l�u�t�i�o�n� �s�t�r�a�t�e�g�y� �w�a�s� �f�i�r�s�t� �d�e�v�i�s�e�d� �i�n� �1�9�4�1� �a�s� �a� �r�e�s�u�l�t� �o�f� 
�c�o�l�l�a�b�o�r�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �R�o�c�k�e�f�e�l�l�e�r� �F�o�u�n�d�a�t�i�o�n� �a�n�d� �t�h�e� �M�e�x�i�c�a�n� �g�o�v�e�r�n�m�e�n�t�,� �w�i�t�h� 
�t�h�e� �i�n�t�e�n�t� �t�h�a�t� �i�t� �w�o�u�l�d� �s�e�r�v�e� �a�s� �a� �m�o�d�e�l� �f�o�r� �a�g�r�i�c�u�l�t�u�r�a�l� �d�e�v�e�l�o�p�m�e�n�t� �a�l�l� �a�r�o�u�n�d� �t�h�e� 
�w�o�r�l�d� �(�W�r�i�g�h�t� �1�9�9�0�)�.� 

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

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

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

�n�e�x�t� �g�e�n�e�r�a�t�i�o�n�®� �(�B�u�l�l� �1�9�8�2�,� �Z�a�l�o�m� �e�f� �a�l�.� �1�9�9�2�)�.� 

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

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

�1�9�8�2�,� �D�o�v�e�r� �1�9�8�5�,� �W�r�i�g�h�t� �1�9�9�0�,� �M�u�r�r�a�y� �1�9�9�4�)�.� �O�n�c�e� �"�o�n�"� �t�h�e� �p�e�s�t�i�c�i�d�e� �t�r�e�a�d�m�i�l�l�,� 

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

�n�a�t�u�r�a�l� �p�r�e�d�a�t�o�r�s� �(�a�l�s�o� �k�n�o�w�n� �a�s� �b�e�n�e�f�i�c�i�a�l� �i�n�s�e�c�t�s�)� �a�n�d� �a�l�l�o�w�s� �s�e�c�o�n�d�a�r�y� �p�e�s�t�s� �t�o� 

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

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

�c�o�m�p�l�e�t�e�l�y� �u�n�c�h�e�c�k�e�d� �(�M�u�r�r�a�y� �1�9�9�4�)�.� �I�n� �s�h�o�r�t�,� �t�h�e� �p�e�s�t�i�c�i�d�e� �t�r�e�a�d�m�i�l�l� �r�e�s�u�l�t�s� �i�n� 

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

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

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

�a�n�d� �h�u�m�a�n� �h�e�a�l�t�h� �p�r�o�b�l�e�m�s� �(�C�a�r�s�o�n� �1�9�6�2�,� �D�o�v�e�r� �1�9�8�5�,� �W�r�i�g�h�t� �1�9�9�0�,� �K�i�s�s� �a�n�d� 

�M�e�e�r�m�a�n� �1�9�9�1�,� �P�i�m�b�e�r�t� �1�9�9�1�,� �J�a�c�o�b�s�e�n� �a�n�d� �B�a�c�k�m�a�n� �1�9�9�3�,� �M�u�r�r�a�y� �1�9�9�4�,� �T�h�r�u�p�p� 

�1�9�9�4�)�.� �T�h�e� �n�e�g�a�t�i�v�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�m�p�a�c�t�s� �o�f� �p�e�s�t�i�c�i�d�e� �u�s�e� �a�n�d� �m�i�s�u�s�e� �i�n�c�l�u�d�e� �s�o�i�l� 

� � 

�6� �G�e�n�e�t�i�c� �r�e�s�i�s�t�a�n�c�e� �t�o� �p�e�s�t�i�c�i�d�e�s� �h�a�s� �a�l�r�e�a�d�y� �b�e�e�n� �d�o�c�u�m�e�n�t�e�d� �f�o�r� �m�o�r�e� �t�h�a�t� 
�4�5�0� �i�n�s�e�c�t� �s�p�e�c�i�e�s�,� �a�s� �w�e�l�l� �a�s� �1�0�0� �s�p�e�c�i�e�s� �o�f� �p�l�a�n�t� �p�a�t�h�o�g�e�n�s� �a�n�d� �4�8� �s�p�e�c�i�e�s� �o�f� �w�e�e�d�s� 
�(�P�i�m�b�e�r�t� �1�9�9�1�)�.� 
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�d�e�g�r�a�d�a�t�i�o�n�,� �c�o�n�t�a�m�i�n�a�t�i�o�n� �o�f� �s�u�r�f�a�c�e�-� �a�n�d� �g�r�o�u�n�d�-�w�a�t�e�r� �s�o�u�r�c�e�s�;� �i�n�c�r�e�a�s�e�d� �i�n�c�i�d�e�n�c�e�s� 

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

�r�e�s�i�s�t�a�n�c�e� �a�n�d� �d�e�s�t�r�u�c�t�i�o�n� �o�f� �n�a�t�u�r�a�l� �p�r�e�d�a�t�o�r�s� �(�W�r�i�g�h�t� �1�9�9�0�,� �M�u�r�r�a�y� �1�9�9�4�,� �T�h�r�u�p�p� 

�1�9�9�4�)�.� �H�u�m�a�n� �p�o�p�u�l�a�t�i�o�n�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �f�a�r�m� �w�o�r�k�e�r�s�,� �a�r�e� �a�t� �r�i�s�k� �f�r�o�m� �b�o�t�h� �a�c�u�t�e� 

�p�o�i�s�o�n�i�n�g�s� �a�n�d� �l�o�n�g�-�t�e�r�m� �e�x�p�o�s�u�r�e� �t�o� �p�e�s�t�i�c�i�d�e�s�.� �A�c�u�t�e� �p�o�i�s�o�n�i�n�g�s� �r�e�s�u�l�t� �i�n� �s�i�c�k�n�e�s�s� 

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

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

�d�a�m�a�g�e� �(�B�u�l�l� �1�9�8�2�,� �D�o�v�e�r� �1�9�8�5�,� �W�r�i�g�h�t� �1�9�9�0�,� �M�u�r�r�a�y� �1�9�9�4�.�)� 

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

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

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

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

�p�e�s�t�s� �t�o� �r�e�p�r�o�d�u�c�e� �y�e�a�r� �r�o�u�n�d� �(�K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �M�a�c�K�a�y� �e�t� �a�l�.� �1�9�9�3�)�.� �A�s�a� 

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

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

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

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

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

�(�B�u�l�l� �1�9�8�2�)�.� �R�e�g�i�s�t�e�r�e�d� �a�n�d� �u�n�r�e�g�i�s�t�e�r�e�d� �p�e�s�t�i�c�i�d�e�s� �a�r�e� �o�f�t�e�n� �i�m�p�r�o�p�e�r�l�y� �l�a�b�e�l�l�e�d� �(�o�r� 

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

�b�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �n�o�t� �i�n� �t�h�e� �l�o�c�a�l� �l�a�n�g�u�a�g�e� �o�r� �t�h�e� �u�s�e�r�s� �a�r�e� �i�l�l�i�t�e�r�a�t�e� �(�B�u�l�l� �1�9�8�2�,� 
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�M�a�c�K�a�y� �e�t� �a�l�.� �1�9�9�3�)�.� �S�a�f�e�t�y� �i�s� �f�u�r�t�h�e�r� �c�o�m�p�r�o�m�i�s�e�d� �b�y� �t�h�e� �l�a�c�k� �o�f� �p�r�o�t�e�c�t�i�v�e� 

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

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

�f�r�o�m� �s�k�i�n� �a�n�d� �c�l�o�t�h�i�n�g� �a�f�t�e�r� �s�p�r�a�y�i�n�g� �(�B�u�l�l� �1�9�8�2�,� �W�r�i�g�h�t� �1�9�9�0�,� �M�a�c�K�a�y� �e�t� �a�l�.� �1�9�9�3�)�.� 

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

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

�c�o�u�n�t�r�i�e�s� �(�B�u�l�l� �1�9�8�2�)�.� �A�s�a� �r�e�s�u�l�t� �o�f� �t�h�e�s�e� �p�r�o�b�l�e�m�s�,� �p�e�s�t�i�c�i�d�e�-�r�e�l�a�t�e�d� �i�l�l�n�e�s�s�e�s� �a�n�d� 

�d�e�a�t�h�s� �a�r�e� �m�u�c�h� �m�o�r�e� �c�o�m�m�o�n� �i�n� �t�h�e� �T�h�i�r�d� �W�o�r�l�d� �t�h�a�n� �i�n� �i�n�d�u�s�t�r�i�a�l�i�z�e�d� �c�o�u�n�t�r�i�e�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �P�i�m�b�e�r�t� �(�1�9�9�1�)�,� �a�b�o�u�t� �5�0� �p�e�r�c�e�n�t� �o�f� �a�l�l� �p�e�s�t�i�c�i�d�e� �p�o�i�s�o�n�i�n�g�s� �a�n�d� �8�0� 

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

�o�n�l�y� �1�5� �t�o� �2�0� �p�e�r�c�e�n�t� �o�f� �a�l�l� �p�e�s�t�i�c�i�d�e�s� �a�r�e� �u�s�e�d� �i�n� �t�h�e� �T�h�i�r�d� �W�o�r�l�d�.� 

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

�t�e�c�h�n�o�l�o�g�y�,� �s�u�c�h� �a�s� �p�e�s�t�i�c�i�d�e�s�,� �i�n� �t�h�e� �e�a�r�l�y� �1�9�5�0 ��s� �(�Z�a�l�o�m� �e�t� �a�l�.� �1�9�9�2�)�.� �T�h�e�s�e� 

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

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

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

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

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

� � 

�7� �H�o�l�l� �e�t� �a�l�.� �(�1�9�9�0�)� �a�s�s�e�r�t� �t�h�a�t� �b�i�o�l�o�g�i�c�a�l� �c�o�n�t�r�o�l�s� �w�e�r�e� �f�i�r�s�t� �u�s�e�d� �i�n� �L�a�t�i�n� 
�A�m�e�r�i�c�a� �i�n� �t�h�e� �e�a�r�l�y� �1�9�0�0 ��s� �a�n�d� �Z�a�l�o�m� �e�t� �a�l�.� �(�1�9�9�2�)� �b�e�l�i�e�v�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�s� �h�a�v�e� 
�b�e�e�n� �p�a�r�t� �o�f� �s�o�m�e� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�s� �f�o�r� �t�h�e� �p�a�s�t� �1�0�0� �y�e�a�r�s�.� 

�3�2



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

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

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

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

�i�n�p�u�t�s� �(�R�a�j�o�t�t�e� �1�9�9�3�)�.� �T�h�e� �c�o�n�c�e�p�t� �o�f� �i�n�t�e�g�r�a�t�e�d� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �g�a�i�n�e�d� �m�o�r�e� 

�w�i�d�e�s�p�r�e�a�d� �i�n�t�e�r�e�s�t� �i�n� �t�h�e� �l�a�t�e� �1�9�6�0 ��s� �a�n�d� �e�a�r�l�y� �1�9�7�0 ��s� �w�h�e�n� �c�o�n�c�e�r�n�s� �o�v�e�r� �t�h�e� 

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

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

�c�o�n�t�r�o�l�s� �(�D�o�v�e�r� �1�9�8�5�)�.� �"�I�n�t�e�g�r�a�t�e�d� �P�e�s�t� �M�a�n�a�g�e�m�e�n�t �� �(�I�P�M�)� �w�a�s� �i�n�s�t�i�t�u�t�i�o�n�a�l�i�z�e�d� �a�s� 

�a� �d�i�s�t�i�n�c�t� �p�e�s�t� �c�o�n�t�r�o�l� �a�p�p�r�o�a�c�h� �i�n� �t�h�e� �1�9�7�0 ��s�,� �w�h�e�n� �g�o�v�e�r�n�m�e�n�t� �o�f�f�i�c�i�a�l�s�,� �s�c�i�e�n�t�i�s�t�s�,� 

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

�f�u�n�d�i�n�g� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �I�P�M� �i�n� �t�h�e� �U�.�S�.� �a�n�d� �o�v�e�r�s�e�a�s� �(�B�u�l�l� 

�1�9�8�2�,� �Z�a�l�o�m� �e�t� �a�l�.� �1�9�9�2�,� �Z�a�l�o�m� �1�9�9�3�)�.� 

�W�h�i�l�e� �I�P�M� �h�a�s� �g�a�i�n�e�d� �i�n�c�r�e�a�s�i�n�g� �a�c�c�e�p�t�a�n�c�e�,� �a� �u�n�i�v�e�r�s�a�l� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� 

�c�o�n�c�e�p�t� �d�o�e�s� �n�o�t� �e�x�i�s�t� �b�e�c�a�u�s�e� �I�P�M� �r�e�p�r�e�s�e�n�t�s� �a� �s�t�r�a�t�e�g�y�,� �o�r� �a�n� �a�p�p�r�o�a�c�h� �t�o� �f�a�r�m�i�n�g�,� 

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

�t�o� �c�o�n�t�r�o�l� �p�e�s�t�s� �(�T�s�e�d�e�k�e� �1�9�9�6�)�.� �M�o�r�e� �s�p�e�c�i�f�i�c�a�l�l�y�,� �I�P�M� �i�s� �a�n� �a�p�p�r�o�a�c�h� �t�o� �f�a�r�m�i�n�g� 

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

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

�(�P�i�m�b�e�r�t� �1�9�9�1�,� �Z�a�l�o�m� �1�9�9�3�)�.� �T�h�e� �g�o�a�l� �o�f� �I�P�M� �i�s� �t�o� �k�e�e�p� �p�e�s�t� �p�o�p�u�l�a�t�i�o�n�s� �b�e�l�o�w� 

�e�c�o�n�o�m�i�c�a�l�l�y� �d�a�m�a�g�i�n�g� �l�e�v�e�l�s�,� �r�a�t�h�e�r� �t�h�a�n� �t�r�y�i�n�g� �t�o� �c�o�m�p�l�e�t�e�l�y� �e�r�a�d�i�c�a�t�e� �t�h�e�m� �(�D�o�v�e�r� 
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�1�9�8�5�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�)�.� 

�C�o�n�t�r�a�r�y� �t�o� �p�o�p�u�l�a�r� �b�e�l�i�e�f�,� �I�P�M� �d�o�e�s� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �e�l�i�m�i�n�a�t�e� �p�e�s�t�i�c�i�d�e� �u�s�e�;� 

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

�a�n�d� �a�v�o�i�d� �t�h�e� �d�e�s�t�r�u�c�t�i�o�n� �o�f� �n�a�t�u�r�a�l� �p�r�e�d�a�t�o�r�s� �(�D�o�v�e�r� �1�9�8�5�,� �H�o�l�l� �e�t� �a�l�.� �1�9�9�0�,� 

�M�e�e�r�m�a�n� �a�n�d� �K�i�s�s� �1�9�9�1�)�.� �I�d�e�a�l�l�y�,� �c�h�e�m�i�c�a�l�s� �a�r�e� �a�p�p�l�i�e�d� �o�n�l�y� �a�s� �n�e�c�e�s�s�a�r�y�,� �g�e�n�e�r�a�l�l�y� 

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

�c�a�l�e�n�d�a�r� �b�a�s�i�s� �(�P�i�m�b�e�r�t� �1�9�9�1�)�.� �N�o�n�-�c�h�e�m�i�c�a�l� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�,� �a�n�d� �t�h�e� 

�c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�o�s�e� �p�r�a�c�t�i�c�e�s�,� �v�a�r�y� �f�r�o�m� �o�n�e� �I�P�M� �p�r�o�g�r�a�m� �t�o� �a�n�o�t�h�e�r�.� �H�o�w�e�v�e�r�,� 

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

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

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

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

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

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

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

�M�a�c�K�a�y� �e�t� �a�l�.� �1�9�9�3�)�.� 

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

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

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

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

�e�c�o�n�o�m�i�c�,� �a�n�d� �p�o�l�i�t�i�c�a�l� �i�n�c�e�n�t�i�v�e�s� �a�n�d� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �f�a�r�m�i�n�g� �i�n� �g�e�n�e�r�a�l� �a�n�d� �I�P�M� �i�n� 
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�p�a�r�t�i�c�u�l�a�r� �(�D�o�v�e�r� �1�9�8�5�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �H�o�l�l� �e�t� �a�l�.� �(�1�9�9�0�:� �3�4�3�)�,� �"�T�h�e�r�e� �i�s� �n�o� �o�n�e� 

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

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

�t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r� �t�o� �r�e�c�o�g�n�i�z�e� �i�n� �d�e�s�i�g�n�i�n�g� �a�p�p�r�o�p�r�i�a�t�e� �I�P�M� �p�r�o�g�r�a�m�s� �1�s� �t�h�a�t� 

�t�h�e�y� �m�u�s�t� �b�e� �t�a�i�l�o�r�e�d� �t�o� �e�a�c�h� �s�p�e�c�i�f�i�c� �l�o�c�a�t�i�o�n� �(�W�e�a�r�i�n�g� �1�9�8�8�,� �G�l�a�s�s� �1�9�9�2�,� �M�a�t�t�e�s�o�n� 

�1�9�9�2�,� �P�e�r�f�e�c�t� �1�9�9�2�,� �M�i�l�l� �1�9�9�3�,� �R�a�j�o�t�t�e� �1�9�9�3�)�.� 

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

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

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

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

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

�i�n�s�e�c�t� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �r�e�d�u�c�e� �c�r�o�p� �p�e�s�t� �p�o�p�u�l�a�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �c�r�o�p�/�p�e�s�t� �i�n�t�e�r�a�c�t�i�o�n�s� 

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

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

�v�a�r�i�a�t�i�o�n�s� �i�n� �c�l�i�m�a�t�e�,� �s�o�i�l�,� �a�n�d� �h�y�d�r�o�l�o�g�i�c� �c�o�n�d�i�t�i�o�n�s� �(�H�o�l�l� �e�t� �a�l�.� �1�9�9�0�,� �G�l�a�s�s� �1�9�9�2�,� 

�M�a�t�t�e�s�o�n� �1�9�9�2�,� �P�e�r�f�e�c�t� �1�9�9�2�,� �A�l�t�i�e�r�i� �1�9�9�3�)�.� �A�s� �a� �r�e�s�u�l�t�,� �o�p�t�i�m�a�l� �I�P�M� �p�r�a�c�t�i�c�e�s� �w�i�l�l� 

�v�a�r�y� �f�r�o�m� �o�n�e� �l�o�c�a�t�i�o�n� �t�o� �a�n�o�t�h�e�r�.� 

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

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

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

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

�3�5



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

�a�n�o�t�h�e�r� �(�D�o�v�e�r� �1�9�8�5�)�.� �S�u�c�h� �f�a�c�t�o�r�s� �i�n�f�l�u�e�n�c�e� �f�a�r�m�e�r�s �� �d�e�c�i�s�i�o�n�s� �r�e�g�a�r�d�i�n�g� �w�h�a�t� �t�y�p�e�s� 

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

�p�e�s�t�i�c�i�d�e�s�,� �a�n�d� �o�n� �w�h�a�t� �c�r�o�p�s�,� �a�n�d� �o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �p�r�o�d�u�c�t�i�o�n� �d�e�c�i�s�i�o�n�s�.� �T�h�u�s�,� �I�P�M� 

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

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

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

�F�o�r� �e�x�a�m�p�l�e�,� �i�n� �t�h�e� �U�.�S�.�,� �a� �1�9�8�5� �s�t�u�d�y� �f�o�u�n�d� �t�h�a�t� �I�P�M� �u�s�e�r�s� �r�e�p�o�r�t�e�d� �a� �n�e�t� �r�e�t�u�r�n� �o�f� 

�$�5�7�8� �m�i�l�l�i�o�n� �p�e�r� �y�e�a�r� �o�v�e�r� �n�o�n�-�u�s�e�r�s� �(�R�a�j�o�t�t�e� �1�9�9�3�)�.� �I�n� �1�9�8�2�,� �t�h�e� �N�i�c�a�r�a�g�u�a�n� 

�g�o�v�e�r�n�m�e�n�t� �i�n�v�e�s�t�e�d� �U�.�S�.� �$�1�.�0�9� �m�i�l�l�i�o�n� �i�n� �I�P�M� �a�n�d� �s�a�v�e�d� �U�.�S�.� �$�2�.�3�9� �m�i�l�l�i�o�n� �i�n� 

�p�e�s�t�i�c�i�d�e� �c�o�s�t�s� �(�H�o�l�l� �e�t� �a�l�.� �1�9�9�0�)�.� �A�n�d� �i�n� �I�n�d�o�n�e�s�i�a�,� �"�g�r�a�d�u�a�t�e�s�"� �o�f� �a�n� �I�P�M� �p�r�o�g�r�a�m� 

�d�e�c�r�e�a�s�e�d� �t�h�e�i�r� �a�v�e�r�a�g�e� �u�s�e� �o�f� �p�e�s�t�i�c�i�d�e�s� �f�r�o�m� �2�.�9� �t�o� �1�.�1� �a�p�p�l�i�c�a�t�i�o�n�s� �p�e�r� �s�e�a�s�o�n�,� 

�w�h�i�l�e� �i�n�c�r�e�a�s�i�n�g� �r�i�c�e� �y�i�e�l�d�s� �b�y� �0�.�5� �t�o�n�s� �p�e�r� �h�e�c�t�a�r�e� �(�P�r�e�t�t�y� �1�9�9�5�)�.� 

�D�e�s�p�i�t�e� �t�h�e�s�e� �a�n�d� �o�t�h�e�r� �s�u�c�c�e�s�s�e�s�,� �I�P�M� �p�r�a�c�t�i�c�e�s� �h�a�v�e� �n�o�t� �b�e�e�n� �w�i�d�e�l�y� �a�d�o�p�t�e�d� 

�a�t� �t�h�e� �f�a�r�m� �l�e�v�e�l� �(�W�e�a�r�i�n�g� �1�9�8�8�,� �P�e�r�f�e�c�t� �1�9�9�2�,� �Z�a�l�o�m� �1�9�9�3�)�.� �A�s� �Z�a�l�o�m� �(�1�9�9�3�:� �2�4�7�)� 

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

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

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

�b�e�e�n� �i�m�p�l�e�m�e�n�t�e�d� �h�a�v�e� �n�o�t� �b�e�e�n� �w�i�d�e�l�y� �a�d�o�p�t�e�d� �o�r� �l�o�n�g�-�l�a�s�t�i�n�g� �(�B�u�l�l� �1�9�8�2�,� �H�o�l�l� �e�t� 

�a�l�.� �1�9�9�0�,� �M�a�t�t�e�s�o�n� �1�9�9�2�,� �P�e�r�f�e�c�t� �1�9�9�2�,� �B�r�a�u�n� �e�t� �a�l�.� �1�9�9�3�,� �M�a�c�K�a�y� �e�t� �a�l�.� �1�9�9�3�,� 

�P�o�s�w�a�l� �e�t� �a�l�.� �1�9�9�3�)�.� 
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�T�h�e� �l�a�c�k� �o�f� �w�i�d�e�s�p�r�e�a�d� �s�u�c�c�e�s�s� �i�n� �d�e�s�i�g�n�i�n�g� �a�n�d� �i�m�p�l�e�m�e�n�t�i�n�g� �l�o�n�g�-�t�e�r�m� �I�P�M� 

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

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

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

�r�e�s�i�d�u�e�s� �o�n� �e�x�p�o�r�t� �c�r�o�p�s� �m�a�k�e� �I�P�M� �a�n� �a�t�t�r�a�c�t�i�v�e� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �t�h�e� �s�i�n�g�u�l�a�r� �r�e�l�i�a�n�c�e� �o�n� 

�c�h�e�m�i�c�a�l� �p�e�s�t� �c�o�n�t�r�o�l�s� �(�B�u�l�l� �1�9�8�2�)�.� �T�o� �u�n�c�o�v�e�r� �t�h�e� �r�e�a�s�o�n�s� �f�o�r� �t�h�e� �l�a�c�k� �o�f� 

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

�c�o�n�s�t�r�a�i�n�t�s� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M� �p�r�a�c�t�i�c�e�s� �i�n� �g�e�n�e�r�a�l� �(�W�e�a�r�i�n�g� �1�9�8�8�,� �G�l�a�s�s� �1�9�9�2�,� 

�Z�a�l�o�m� �1�9�9�3�)� �a�n�d� �i�n� �t�h�e� �T�h�i�r�d� �W�o�r�l�d� �i�n� �p�a�r�t�i�c�u�l�a�r� �(�B�u�l�l� �1�9�8�2�,� �G�o�o�d�e�l�l� �1�9�8�4�,� �H�o�l�l� �e�t� 

�a�l�.� �1�9�9�0�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �M�a�t�t�e�s�o�n� �1�9�9�2�,� �M�u�r�r�a�y� �1�9�9�4�)�.� 

�A� �s�e�r�i�o�u�s� �t�e�c�h�n�i�c�a�l� �o�b�s�t�a�c�l�e� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M� �p�r�a�c�t�i�c�e�s� �i�n� �t�h�e� �T�h�i�r�d� 

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

�1�9�8�8�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �Z�a�l�o�m� �1�9�9�3�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �k�e�y� �c�o�n�c�e�p�t� �o�f� �I�P�M� �i�s� 

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

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

�t�o� �a�v�o�i�d� �u�n�a�c�c�e�p�t�a�b�l�e� �l�o�s�s�e�s� �(�D�o�v�e�r� �1�9�8�5�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �Z�a�l�o�m� �e�f�t� �a�l�.� 

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

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

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

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

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

�b�e�n�e�f�i�c�i�a�l� �p�e�s�t�s�,� �t�h�e� �e�c�o�n�o�m�i�c� �v�a�l�u�e� �o�f� �t�h�e� �c�r�o�p� �(�K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �Z�a�l�o�m� 

�1�9�9�3�)�,� �a�n�d� �f�a�r�m�e�r�s �� �p�e�r�c�e�p�t�i�o�n�s� �o�f� �t�h�e�s�e� �f�a�c�t�o�r�s� �(�G�o�o�d�e�l�l� �1�9�8�4�)�.� �F�a�r�m�e�r�s �� �r�e�s�p�o�n�s�e� 

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

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

�s�o�u�r�c�e�s�.� 

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

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

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

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

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

�a�d�o�p�t�i�o�n� �o�f� �I�P�M� �p�r�a�c�t�i�c�e�s�,� �a�n�d� �f�u�r�t�h�e�r� �t�e�c�h�n�i�c�a�l� �r�e�s�e�a�r�c�h� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �t�h�e� �f�u�t�u�r�e� 

�s�u�c�c�e�s�s� �o�f� �I�P�M� �(�K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �Z�a�l�o�m� �1�9�9�3�)�.� 

�H�o�w�e�v�e�r�,� �e�q�u�a�l�l�y� �i�m�p�o�r�t�a�n�t� �n�o�n�-�t�e�c�h�n�i�c�a�l� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M� 

�e�x�i�s�t� �a�n�d� �n�e�e�d� �t�o� �b�e� �a�d�d�r�e�s�s�e�d�.� �A�c�c�o�r�d�i�n�g� �t�o� �Z�a�l�o�m� �(�1�9�9�3�)�,� �w�h�i�l�e� �t�e�c�h�n�i�c�a�l� �r�e�s�e�a�r�c�h� 

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

�o�b�s�t�a�c�l�e�s� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M� �p�r�a�c�t�i�c�e�s�.� �A�s� �h�e� �n�o�t�e�s� �(�i�b�i�d�.�:� �2�4�8�)�,� �"�I�n� �s�p�i�t�e� �o�f� �o�u�r� 

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

�t�h�a�n� �o�t�h�e�r� �g�e�n�e�r�a�l� �o�b�s�t�a�c�l�e�s� �t�o� �I�P�M� �a�d�o�p�t�i�o�n�. �� �R�e�f�e�r�r�i�n�g� �s�p�e�c�i�f�i�c�a�l�l�y� �t�o� �t�h�e� �T�h�i�r�d� 

�W�o�r�l�d�,� �H�o�l�l� �e�t� �a�l�.� �(�1�9�9�0�)� �c�o�n�t�e�n�d� �t�h�a�t� �n�u�m�e�r�o�u�s� �e�x�a�m�p�l�e�s� �o�f� �I�P�M ��s� �s�u�c�c�e�s�s�e�s� 

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

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

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

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

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

�a�g�e�n�t�s�,� �t�o� �f�a�r�m�e�r�s�.� 

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

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

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

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

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

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

�a�n�d� �B�r�u�s�h� �1�9�9�2�)�.� �T�h�u�s�,� �I�P�M� �r�e�s�e�a�r�c�h�e�r�s� �m�u�s�t� �u�n�d�e�r�s�t�a�n�d� �f�a�r�m�e�r�s �� �e�x�i�s�t�i�n�g� �p�e�s�t�i�c�i�d�e� 

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

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

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

�o�f� �I�P�M�.� �F�i�r�s�t�,� �m�a�n�y� �T�h�i�r�d� �W�o�r�l�d� �g�o�v�e�r�n�m�e�n�t�s� �a�n�d� �i�n�t�e�r�n�a�t�i�o�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n�s� 

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

�d�o�m�e�s�t�i�c� �c�o�n�s�u�m�p�t�i�o�n� �a�n�d� �a�g�r�i�c�u�l�t�u�r�a�l� �e�x�p�o�r�t�s� �(�B�u�l�l� �1�9�8�2�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�)�.� 

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

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

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

 ��e�x�t�e�n�s�i�o�n �� �i�n� �r�u�r�a�l� �c�o�m�m�u�n�i�t�i�e�s� �(�B�u�l�l� �1�9�8�2�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�)�.� 

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

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

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

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

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

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

�d�e�m�a�n�d� �u�n�b�l�e�m�i�s�h�e�d� �p�r�o�d�u�c�e� �(�W�e�a�r�i�n�g� �1�9�8�8�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �Z�a�l�o�m� �1�9�9�3�)�.� 

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

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

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

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

�o�r�g�a�n�i�z�a�t�i�o�n�s� �a�n�d� �T�h�i�r�d� �W�o�r�l�d� �g�o�v�e�r�n�m�e�n�t�s� �(�H�o�l�l� �e�t� �a�i�.� �1�9�9�0�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� 

�1�9�9�1�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �R�a�j�o�t�t�e� �(�1�9�9�3�)�,� �t�h�e� �c�o�r�n�e�r�s�t�o�n�e� �o�f� �I�P�M� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �i�s� �t�h�e� 

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

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

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

�W�o�r�l�d� �a�r�e� �o�f�t�e�n� �u�n�d�e�r� �f�u�n�d�e�d�,� �u�n�d�e�r�s�t�a�f�f�e�d�,� �a�n�d� �p�o�o�r�l�y� �e�d�u�c�a�t�e�d� �i�n� �I�P�M� �(�B�u�l�l� �1�9�8�2�,� 

�G�o�o�d�e�l�l� �1�9�8�4�,� �D�o�v�e�r� �1�9�8�5�,� �H�o�l�l� �e�t� �a�l�.� �1�9�9�0�,� �M�a�t�t�e�s�o�n� �1�9�9�2�)�.� �A�s� �B�u�l�l� �(�1�9�8�2�:� �1�3�6�)� 
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�a�r�g�u�e�s� �"�W�h�e�r�e� �r�e�s�e�a�r�c�h� �a�n�d� �e�x�t�e�n�s�i�o�n� �s�e�r�v�i�c�e�s� �a�r�e� �i�n�a�d�e�q�u�a�t�e� �a�n�d� �u�n�d�e�r�-�f�i�n�a�n�c�e�d�,� 

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

�f�a�r�m�e�r�s�.�"� �A�c�c�o�r�d�i�n�g� �t�o� �G�o�o�d�e�l�l� �(�1�9�8�4�)�,� �t�h�e� �p�r�o�b�l�e�m� �i�s� �e�x�a�c�e�r�b�a�t�e�d� �b�y� �t�h�e� �f�a�c�t� �t�h�a�t� 

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

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

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

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

�w�o�r�k�e�r�s� �a�n�d� �t�h�e�n� �t�o� �f�a�r�m�e�r�s� �i�s� �a�l�s�o� �a� �p�r�o�b�l�e�m�.� �A�s� �H�o�l�l� �e�t� �a�l�.� �(�1�9�9�0�:� �3�4�7�)� �a�r�g�u�e�:� 

�I�n�a�d�e�q�u�a�t�e� �e�d�u�c�a�t�i�o�n� �i�s� �a�n� �a�c�u�t�e� �p�r�o�b�l�e�m� �f�o�r� �I�P�M�.� �W�h�i�l�e� �c�o�n�t�i�n�u�e�d� �r�e�s�e�a�r�c�h� 
�i�s� �n�e�c�e�s�s�a�r�y� �t�o� �i�m�p�r�o�v�e� �a�n�d� �u�p�d�a�t�e� �I�P�M�_� �t�e�c�h�n�i�q�u�e�s�,� �t�h�e� �f�a�i�l�u�r�e� �o�f� �m�o�s�t� �I�P�M� 
�p�r�o�g�r�a�m�s� �c�a�n� �b�e� �t�r�a�c�e�d� �t�o� �a� �d�e�f�i�c�i�e�n�c�y� �i�n� �e�x�t�e�n�s�i�o�n� �s�e�r�v�i�c�e�s� �-� �p�a�r�t�i�c�u�l�a�r�l�y� 
�e�d�u�c�a�t�i�o�n� �a�n�d� �f�a�r�m�e�r� �a�w�a�r�e�n�e�s�s� �o�f� �I�P�M� �t�e�c�h�n�o�l�o�g�y�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �(�1�9�9�1�)�,� �a� �d�e�l�i�v�e�r�y� �s�y�s�t�e�m� �t�h�a�t� �e�f�f�e�c�t�i�v�e�l�y� �b�r�i�n�g�s� 

�I�P�M� �t�e�c�h�n�i�q�u�e�s� �t�o� �f�a�r�m�e�r�s� �i�s� �a�s� �i�m�p�o�r�t�a�n�t� �a�s� �t�h�e� �r�e�s�e�a�r�c�h� �a�n�d� �d�e�s�i�g�n� �o�f� �e�f�f�e�c�t�i�v�e� �I�P�M� 

�p�r�a�c�t�i�c�e�s�.� �T�h�e�y� �a�r�g�u�e� �t�h�a�t� �b�e�c�a�u�s�e� �I�P�M� �p�r�a�c�t�i�c�e�s� �a�r�e� �s�i�t�e�-�s�p�e�c�i�f�i�c�,� �d�y�n�a�m�i�c�,� �a�n�d� 

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

�r�a�t�h�e�r� �t�h�a�n� �o�n� �a� �s�p�e�c�i�f�i�c� �s�e�t� �o�f� �I�P�M� �t�e�c�h�n�o�l�o�g�i�e�s�.� �T�h�i�s� �r�e�q�u�i�r�e�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �s�h�i�f�t� 

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

�t�e�c�h�n�o�l�o�g�y�"�®� �(�T�O�T�)� �t�o� �a�n� �a�p�p�r�o�a�c�h� �t�h�a�t� �p�u�t�s� �t�h�e� �f�a�r�m�e�r� �a�t� �t�h�e� �c�e�n�t�e�r� �o�f� �p�r�o�b�l�e�m� 

� � 

�8� �U�n�d�e�r� �t�h�e� �T�O�T� �m�o�d�e�l�,� �r�e�s�e�a�r�c�h� �p�r�i�o�r�i�t�i�e�s� �a�r�e� �s�e�t� �b�y� �s�c�i�e�n�t�i�s�t�s�,� �r�a�t�h�e�r� �t�h�a�n� 
�b�y� �f�a�r�m�e�r�s�,� �w�h�o� �e�x�p�e�r�i�m�e�n�t� �o�n� �r�e�s�e�a�r�c�h� �s�t�a�t�i�o�n�s� �o�r� �u�n�d�e�r� �c�o�n�t�r�o�l�l�e�d� �c�o�n�d�i�t�i�o�n�s� �i�n� 
�f�a�r�m�e�r�s �� �f�i�e�l�d�s�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �t�e�c�h�n�o�l�o�g�y� �i�s� �t�h�e�n� �h�a�n�d�e�d� �o�v�e�r� �t�o� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �f�o�r� 
�d�i�r�e�c�t� �t�r�a�n�s�f�e�r� �t�o� �f�a�r�m�e�r�s� �(�P�i�m�b�e�r�t� �1�9�9�1�)�.� 

�4�1



�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�o�l�u�t�i�o�n�s� �(�M�a�t�t�e�s�o�n� �1�9�9�2�)�.� �T�h�e� �T�O�T� �a�p�p�r�o�a�c�h� �i�s� 

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

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

�o�f� �t�e�c�h�n�i�q�u�e�s�,� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �m�u�s�t� �t�e�a�c�h� �f�a�r�m�e�r�s� �t�h�e� �p�r�i�n�c�i�p�l�e�s� �o�f� �I�P�M� �a�n�d� �t�h�e� 

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

�t�h�e�i�r� �o�w�n� �s�p�e�c�i�f�i�c� �f�a�r�m� �c�o�n�d�i�t�i�o�n�s� �(�M�a�t�t�e�s�o�n� �1�9�9�2�,� �R�a�j�o�t�t�e� �1�9�9�3�,� �Z�a�l�o�m� �1�9�9�3�)�.� 

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

�o�b�s�t�a�c�l�e�s� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M� �p�r�a�c�t�i�c�e�s� �i�n� �T�h�i�r�d� �W�o�r�l�d� �c�o�u�n�t�r�i�e�s�.� �H�o�w�e�v�e�r�,� 

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

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

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

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

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

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

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

�p�e�s�t�i�c�i�d�e�s� �t�h�r�o�u�g�h� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M�.� �O�t�h�e�r� �i�m�p�o�r�t�a�n�t� �l�o�c�a�t�i�o�n�-�s�p�e�c�i�f�i�c� �f�a�c�t�o�r�s� �t�o� 

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

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

�a�n�d� �h�i�r�e�d� �(�b�e�c�a�u�s�e� �I�P�M� �p�r�a�c�t�i�c�e�s� �a�r�e� �o�f�t�e�n� �l�a�b�o�r� �i�n�t�e�n�s�i�v�e�)�;� �a�n�d�,� �a�c�c�e�s�s� �t�o� �a�n�d� �c�o�n�t�r�o�l� 

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

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

�L�o�c�a�t�i�o�n�-�s�p�e�c�i�f�i�c� �r�e�s�e�a�r�c�h� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �i�d�e�n�t�i�f�y� �t�h�e�s�e� �f�a�c�t�o�r�s�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �v�a�r�i�a�t�i�o�n�s� �i�n� �e�n�v�i�r�o�n�m�e�n�t�a�l�,� �s�o�c�i�a�l� �a�n�d� �e�c�o�n�o�m�i�c� �c�o�n�d�i�t�i�o�n�s�,� 

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

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

�t�o� �G�r�o�s�s�m�a�n� �(�1�9�9�2�a�)�,� �e�v�e�n� �w�h�e�n� �p�o�l�i�t�i�c�a�l�-�e�c�o�n�o�m�i�c� �f�o�r�c�e�s� �c�r�e�a�t�e� �p�r�e�s�s�u�r�e� �t�o� �i�n�c�r�e�a�s�e� 

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

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

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

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

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

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

�i�n�t�e�r�e�s�t�s� �i�n� �I�P�M�.� �F�o�r� �e�x�a�m�p�l�e�,� �f�a�r�m�e�r�s� �w�h�o� �h�a�v�e� �e�x�p�e�r�i�e�n�c�e�d� �h�e�a�l�t�h� �p�r�o�b�l�e�m�s� �a�s� �a� 

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

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

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

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

�w�a�y� �t�o� �c�o�n�t�r�o�l� �a� �p�e�s�t� �p�r�o�b�l�e�m� �i�s� �t�o� �e�x�t�e�r�m�i�n�a�t�e� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �c�o�m�p�l�e�t�e�l�y� �(�H�o�l�l� �e�t� �a�l�.� 

�1�9�9�0�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�)�.� �I�f� �p�e�s�t�i�c�i�d�e� �u�s�e� �i�s� �i�n�g�r�a�i�n�e�d� �i�n� �a� �f�a�r�m�e�r� �t�o� �t�h�e� �e�x�t�e�n�t� 

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

�i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �I�P�M� �a�n�d� �t�h�e� �c�o�n�c�e�p�t� �o�f� �m�a�n�a�g�i�n�g� �p�e�s�t� �p�o�p�u�l�a�t�i�o�n�s� �(�r�a�t�h�e�r� �t�h�a�n� �t�r�y�i�n�g� 
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�t�o� �e�r�a�d�i�c�a�t�e� �t�h�e�m� �t�h�r�o�u�g�h� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �g�r�e�a�t�e�r� �a�n�d� �g�r�e�a�t�e�r� �a�m�o�u�n�t�s� �o�f� �p�e�s�t�i�c�i�d�e�s�)� 

�b�e�c�o�m�e� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �(�W�e�a�r�i�n�g� �1�9�8�8�,� �M�a�c�K�a�y� �e�t� �a�l�.� �1�9�9�3�)�.� 

�T�h�i�s� �p�r�o�b�l�e�m� �i�s� �e�v�i�d�e�n�t� �i�n� �t�h�e� �P�h�i�l�i�p�p�i�n�e�s� �w�h�e�r�e�,� �d�e�s�p�i�t�e� �i�n�t�e�n�s�i�v�e� �r�e�s�e�a�r�c�h� 

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

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

�u�n�k�n�o�w�n� �I�P�M� �(�M�a�c�K�a�y� �e�t� �a�l�.� �1�9�9�3�)�.� �T�h�r�o�u�g�h� �a� �1�9�7�3� �r�i�c�e� �i�n�t�e�n�s�i�f�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�,� 

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

�u�s�e� �s�u�c�h� �t�h�a�t�:� 

�T�h�e� �p�r�a�c�t�i�c�e� �o�f� �c�h�e�m�i�c�a�l� �p�e�s�t� �c�o�n�t�r�o�l� �h�a�s� �b�e�e�n� �d�e�e�p�l�y� �i�n�g�r�a�i�n�e�d� �i�n� �t�h�e� 
�c�o�n�s�c�i�o�u�s�n�e�s�s� �o�f� �t�h�e� �f�a�r�m�e�r�s�,� �i�t� �h�a�s� �b�e�c�o�m�e� �a� �t�r�a�d�i�t�i�o�n�.� �T�h�i�s� �i�s� �a�p�p�a�r�e�n�t� �b�y� 
�t�h�e� �f�a�r�m�e�r�s �� �p�r�a�c�t�i�c�e� �o�f� �s�p�r�a�y�i�n�g� �a�s� �s�o�o�n� �a�s� �t�h�e�y� �s�e�e� �a�n� �i�n�s�e�c�t�,� �e�v�e�n� �t�h�o�u�g�h� �i�t� 
�m�a�y� �b�e� �b�e�n�e�f�i�c�i�a�l� �(�M�a�c�K�a�y� �e�t� �a�l�.� �1�9�9�3�:� �3�4�)�.� 

�A�s� �a� �r�e�s�u�l�t�,� �M�a�c�K�a�y� �e�t� �a�l�.� �(�i�b�i�d�.�)� �a�r�g�u�e�,� �o�n�e� �o�f� �t�h�e� �b�i�g�g�e�s�t� �o�b�s�t�a�c�l�e�s� �t�o� �t�h�e� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �I�P�M� �i�n� �t�h�e� �P�h�i�l�i�p�p�i�n�e�s� �i�s� �f�o�r� �f�a�r�m�e�r�s� �t�o� �"�u�n�l�e�a�r�n�"� �t�h�e�i�r� �d�e�p�e�n�d�e�n�c�e� 

�o�n� �p�e�s�t�i�c�i�d�e�s�.� 

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

�t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �o�t�h�e�r� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �f�a�r�m�i�n�g� �(�G�o�o�d�e�l�l� �1�9�8�4�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �K�i�s�s� 

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

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

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

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

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

�(�G�o�o�d�e�l�l� �1�9�8�4�,� �K�i�s�s� �a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�)�.� 

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

�d�y�n�a�m�i�c�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �b�o�t�h� �G�r�o�s�s�m�a�n� �(�1�9�9�2�a�)� �a�n�d� �M�o�m�s�e�n� �(�1�9�8�6�)� �h�a�v�e� �f�o�u�n�d� 

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

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

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

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

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

�(�1�9�9�3�)�,� �w�o�m�e�n� �i�n� �t�h�e� �P�h�i�l�i�p�p�i�n�e�s� �g�e�n�e�r�a�l�l�y� �c�o�n�t�r�o�l� �h�o�u�s�e�h�o�l�d� �f�i�n�a�n�c�e�s� �a�n�d� �h�e�a�v�i�l�y� 

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

�e�s�s�e�n�t�i�a�l� �i�n� �o�r�d�e�r� �t�o� �e�f�f�e�c�t�i�v�e�l�y� �t�a�r�g�e�t� �e�x�t�e�n�s�i�o�n� �a�d�v�i�c�e� �a�n�d� �t�r�a�i�n�i�n�g �� �(�M�a�c�K�a�y� �e�f� �a�l�.� 

�1�9�9�3�:� �3�9�)�.� 

�A�n�o�t�h�e�r� �p�o�t�e�n�t�i�a�l� �n�o�n�-�t�e�c�h�n�i�c�a�l� �c�o�n�s�t�r�a�i�n�t� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M� �i�s� �a� �l�a�c�k� �o�f� 

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

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

�c�o�o�p�e�r�a�t�i�o�n� �i�n� �t�h�e� �p�r�o�j�e�c�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �s�o�m�e� �I�P�M� �p�r�a�c�t�i�c�e�s� �i�n�v�o�l�v�e� �m�a�j�o�r� �c�h�a�n�g�e�s� 

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

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

�a�n�d� �M�e�e�r�m�a�n� �1�9�9�1�,� �M�a�c�K�a�y� �e�t� �a�l�.� �1�9�9�3�)�.� �M�u�r�r�a�y� �(�1�9�9�4�)� �f�o�u�n�d� �t�h�a�t� �o�n�e� �I�P�M� �p�r�o�j�e�c�t� 

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

�w�e�r�e� �u�s�i�n�g� �I�P�M� �p�r�a�c�t�i�c�e�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �B�u�l�l� �(�1�9�8�2�:� �1�2�7�)�:� 

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

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

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

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

�s�p�r�e�a�d� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �I�P�M� �t�o� �o�t�h�e�r� �f�a�r�m�e�r�s�.� �A�s� �R�i�d�g�e�l�y� �a�n�d� �B�r�u�s�h� �(�1�9�9�2�)� �f�o�u�n�d�,� 

�f�a�m�i�l�y� �f�a�r�m�e�r�s� �i�n� �C�a�l�i�f�o�r�n�i�a� �a�r�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �s�h�a�r�e� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �I�P�M� �w�i�t�h� 

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

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

�o�p�t�i�o�n�.� 

�C�l�e�a�r�l�y�,� �n�u�m�e�r�o�u�s� �n�o�n�-�t�e�c�h�n�i�c�a�l� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M� �e�x�i�s�t�.� �A�s� 

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

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

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

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

�t�h�e� �n�e�e�d�s� �o�f� �t�h�e� �s�p�e�c�i�f�i�c� �p�o�p�u�l�a�t�i�o�n� �b�e�i�n�g� �t�a�r�g�e�t�e�d�.� �T�h�e� �I�P�M� �C�R�S�P� �p�r�o�j�e�c�t�,� �i�n� 

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

�c�o�n�s�t�r�a�i�n�t�s� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M�.� �C�h�a�p�t�e�r� �F�o�u�r� �w�i�l�l� �f�o�c�u�s� �o�n� �t�h�e� �I�P�M� �C�R�S�P� 

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

�T�h�e� �I�P�M� �C�R�S�P� �P�r�o�j�e�c�t� �a�n�d� �A�g�r�i�c�u�l�t�u�r�e� �i�n� �J�a�m�a�i�c�a� 

�I�n� �t�h�e� �e�a�r�l�y� �1�9�7�0�s�,� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �A�g�e�n�c�y� �f�o�r� �I�n�t�e�r�n�a�t�i�o�n�a�l� �D�e�v�e�l�o�p�m�e�n�t� 

�(�A�I�D�)� �i�n�i�t�i�a�t�e�d� �t�h�e� �"�C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� �S�u�p�p�o�r�t� �P�r�o�g�r�a�m�s�"� �(�C�R�S�P�s�)�.� �C�R�S�P�s� 

�i�n�v�o�l�v�e� �r�e�s�e�a�r�c�h� �b�e�t�w�e�e�n� �U�.�S�.� �a�n�d� �T�h�i�r�d� �W�o�r�l�d� �i�n�s�t�i�t�u�t�i�o�n�s� �t�o� �s�o�l�v�e� �a�g�r�i�c�u�l�t�u�r�a�l� 

�p�r�o�b�l�e�m�s� �i�n� �t�h�e� �T�h�i�r�d� �W�o�r�l�d�.� �O�n�e� �o�f� �t�h�e� �m�o�s�t� �r�e�c�e�n�t� �s�u�c�h� �p�r�o�j�e�c�t�s�,� �b�e�g�u�n� �i�n� �1�9�9�3�,� 

�i�s� �t�h�e� �I�P�M� �C�R�S�P� �w�h�i�c�h� �i�s� �b�e�i�n�g� �i�m�p�l�e�m�e�n�t�e�d� �t�h�r�o�u�g�h� �1�0� �U�.�S�.� �a�n�d� �1�5� �h�o�s�t� 

�i�n�s�t�i�t�u�t�i�o�n�s� �i�n� �f�o�u�r� �p�r�i�m�a�r�y� �c�o�u�n�t�r�i�e�s�:� �t�h�e� �P�h�i�l�i�p�p�i�n�e�s�,� �G�u�a�t�e�m�a�l�a�,� �J�a�m�a�i�c�a�,� �a�n�d� �M�a�l�i�.� 

�T�h�e� �g�o�a�l� �o�f� �t�h�e� �I�P�M� �C�R�S�P� �i�s� �t�o� �d�e�s�i�g�n� �a�n�d� �i�m�p�l�e�m�e�n�t� �i�n�t�e�g�r�a�t�e�d� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� 

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

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

�b�e�n�e�f�i�t�t�i�n�g� �a�g�r�i�c�u�l�t�u�r�e� �a�n�d� �c�o�n�s�u�m�e�r�s� �i�n� �t�h�e� �U�.�S�.�"� �(�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�9�9�5�:� �1�)�.� 

�T�h�e� �I�P�M� �C�R�S�P� �i�s� �a�t�t�e�m�p�t�i�n�g� �t�o� �r�e�s�o�l�v�e� �"�d�i�f�f�i�c�u�l�t�,� �p�e�r�s�i�s�t�e�n�t� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �t�h�e� 

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

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

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

�(�U�S� �A�I�D� �1�9�9�3�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �p�r�o�j�e�c�t� �d�e�s�c�r�i�p�t�i�o�n�,� �t�h�e� �I�P�M� �C�R�S�P� �i�s� �f�o�c�u�s�i�n�g� �o�n� 

�t�r�a�n�s�i�t�i�o�n�a�l� �s�y�s�t�e�m�s� �b�e�c�a�u�s�e� �m�a�n�y� �o�f� �t�h�e�s�e� �a�r�e� �o�n� �"�m�a�r�g�i�n�a�l�"� �l�a�n�d� �a�n�d� �A�I�D� �o�f�f�i�c�i�a�l�s� 

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

�[�H�]�i�g�h� �v�a�l�u�e� �h�o�r�t�i�c�u�l�t�u�r�a�l� �c�r�o�p�s� �a�r�e� �s�u�b�j�e�c�t� �t�o� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �c�h�e�m�i�c�a�l� �i�n�p�u�t�s� 
�t�h�a�t� �c�a�n� �r�e�s�u�l�t� �i�n� �c�h�e�m�i�c�a�l� �r�e�s�i�d�u�e� �o�n� �t�h�e� �p�r�o�d�u�c�t�s�,� �a� �p�r�i�m�a�r�y� �r�e�a�s�o�n� �w�h�y� �s�u�c�h� 
�c�r�o�p�s� �m�a�y� �n�o�t� �b�e� �a�c�c�e�p�t�e�d� �b�y� �i�m�p�o�r�t�i�n�g� �c�o�u�n�t�r�i�e�s� �w�i�t�h� �c�h�e�m�i�c�a�l� �r�e�s�i�d�u�e� 
�t�o�l�e�r�a�n�c�e� �s�t�a�n�d�a�r�d�s� �(�U�.�S�.� �A�I�D� �1�9�9�3�:� �1�)�.� 

�T�h�e� �s�p�e�c�i�f�i�c� �g�o�a�l� �o�f� �t�h�e� �I�P�M� �C�R�S�P� �p�r�o�j�e�c�t� �i�n� �J�a�m�a�i�c�a� �i�s� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� 

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

�C�R�S�P� �s�i�t�e�s� �f�o�r� �a� �n�u�m�b�e�r� �o�f� �r�e�a�s�o�n�s�.� �F�i�r�s�t�,� �J�a�m�a�i�c�a� �h�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �i�t�s� 

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

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

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

�o�f� �A�g�r�i�c�u�l�t�u�r�e� �1�9�9�1�)�.� �B�e�t�w�e�e�n� �1�9�8�4� �a�n�d� �1�9�9�4�,� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �n�o�n�t�r�a�d�i�t�i�o�n�a�l�s� 

�i�n�c�r�e�a�s�e�d� �f�r�o�m� �1�6�.�1� �m�i�l�l�i�o�n� �k�i�l�o�g�r�a�m�s� �t�o� �2�1�.�4� �m�i�l�l�i�o�n� �k�i�l�o�g�r�a�m�s�,� �a�n� �i�n�c�r�e�a�s�e� �o�f� �7�5� 

�p�e�r�c�e�n�t� �(�s�e�e� �T�a�b�l�e� �4�-�1�)�.� �T�h�e� �v�a�l�u�e� �o�f� �t�h�e�s�e� �e�x�p�o�r�t�s� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �$�U�.�S�.� �1�1�.�6� 

�m�i�l�l�i�o�n� �i�n� �1�9�8�4� �t�o� �$�U�.�S�.� �1�8�.�5� �m�i�l�l�i�o�n� �i�n� �1�9�9�4�,� �o�r� �6�2� �p�e�r�c�e�n�t� �(�s�e�e� �T�a�b�l�e� �4�-�2�)�.� 

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

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

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

�W�e�s�t� �I�n�d�i�a�n�s� �l�i�v�i�n�g� �i�n� �t�h�e� �U�.�S�.� �(�w�i�t�h� �s�m�a�l�l�e�r� �n�u�m�b�e�r�s� �m�i�g�r�a�t�i�n�g� �t�o� �C�a�n�a�d�a� �a�n�d� �t�h�e� 

�U�.�K�.�)� �w�h�o� �a�r�e� �c�r�e�a�t�i�n�g� �a� �d�e�m�a�n�d� �f�o�r� �J�a�m�a�i�c�a ��s� �e�t�h�n�i�c� �p�r�o�d�u�c�e� �(�R�e�i�d� �1�9�9�6�,� �p�e�r�s�o�n�a�l� 

�i�n�t�e�r�v�i�e�w�)�.� �T�h�e� �p�r�o�b�l�e�m�,� �h�o�w�e�v�e�r�,� �i�s� �t�h�a�t� �t�h�e� �U�.�S�.� �h�a�s� �m�o�r�e� �s�t�r�i�n�g�e�n�t� �r�e�g�u�l�a�t�i�o�n�s� �o�n� 

�t�h�e� �i�m�p�o�r�t�a�t�i�o�n� �o�f� �f�r�e�s�h� �p�r�o�d�u�c�e� �t�h�a�n� �d�o�e�s� �t�h�e� �U�.�K�.� �o�r� �C�a�n�a�d�a� �(�R�e�i�d� �i�b�i�d�.�)�.� 
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�T�a�b�l�e� �4�-�1� �G�r�o�w�t�h� �i�n� �V�o�l�u�m�e� �o�f� �N�o�n�t�r�a�d�i�t�i�o�n�a�l� �E�x�p�o�r�t� �C�r�o�p�s�,� �J�a�m�a�i�c�a� �1�9�8�4�-�1�9�9�4� 
�(�0�0�0� �K�i�l�g�r�a�m�s�)� 

� � 

� � 

� � 

� � 

� � � � � � � � � � � � � � � � 

�E�x�p�o�r�t� �C�r�o�p� �1�9�8�4� �1�9�8�6� �1�9�8�8� �1�9�9�0� �1�9�9�2� �1�9�9�4� 

�V�e�g�e�t�a�b�l�e�s� �1�4�,�2�9�0� �2�2�,�4�3�8� �|� �1�4�,�1�9�8� �|� �1�2�,�3�9�1� �1�5�,�2�9�2� �|� �1�5�,�8�3�4� 

�F�r�u�i�t�s� �1�,�4�5�8� �4�,�3�5�8� �1�,�7�3�2� �1�,�3�2�0� �3�,�3�2�7� �5�,�3�4�0� 

�O�r�n�a�m�e�n�t�a�l�s� �3�9�3� �7�1�5� �5�0�8� �3�9�6� �2�5�1� �3�2�0� 

�T�o�t�a�l�s� �1�6�,�1�4�1� �2�7�,�5�1�1� �|� �1�6�,�4�3�8� �|� �1�4�,�1�0�7� �|� �1�8�,�8�7�0� �|� �2�1�,�4�9�4� 
� � � � � � 

�S�o�u�r�c�e�:� �T�h�e� �P�l�a�n�n�i�n�g� �I�n�s�t�i�t�u�t�e� �o�f� �J�a�m�a�i�c�a�.� �1�9�9�5�.� �E�c�o�n�o�m�i�c� �a�n�d� �S�o�c�i�a�l� �S�u�r�v�e�y�:� �J�a�m�a�i�c�a� 
�1�9�9�4�.� �K�i�n�g�s�t�o�n�,� �J�a�m�a�i�c�a�:� �T�h�e� �P�l�a�n�n�i�n�g� �I�n�s�t�i�t�u�t�e� �o�f� �J�a�m�a�i�c�a�.� 

�T�a�b�l�e� �4�-�2� �G�r�o�w�t�h� �i�n� �t�h�e� �V�a�l�u�e� �o�f� �N�o�n�t�r�a�d�i�t�i�o�n�a�l� �E�x�p�o�r�t� �C�r�o�p�s�,� �J�a�m�a�i�c�a� �1�9�8�4�-�1�9�9�4� 
�(�U�S�$ ��0�0�0�)� 
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�E�x�p�o�r�t� �C�r�o�p� �1�9�8�4� �1�9�8�6� �1�9�8�8� �1�9�9�0� �1�9�9�2� �1�9�9�4� 

�V�e�g�e�t�a�b�l�e�s� �8�,�5�4�9� �1�1�,�4�8�7� �1�2�,�0�8�4� �1�1�,�7�0�3� �1�1�,�0�7�8� �1�5�,�0�4�6� 

�F�r�u�i�t� �1�,�5�4�9� �2�,�2�3�2� �1�,�4�0�0� �1�,�0�4�6� �9�7�8� �1�,�7�1�5� 

�O�r�n�a�m�e�n�t�a�l�s� �1�,�5�6�5� �2�,�6�9�0� �2�,�9�8�3� �2�,�8�9�1� �2�,�4�9�8� �1�,�7�6�1� 

�T�o�t�a�l�s� �1�1�,�6�6�3� �1�6�,�4�0�9� �1�6�,�4�6�7� �1�5�,�6�4�0� �1�4�,�5�5�4� �1�8�,�5�2�2� � � � � � � � � � � � � � � � � 
�S�o�u�r�c�e�:� �T�h�e� �P�l�a�n�n�i�n�g� �I�n�s�t�i�t�u�t�e� �o�f� �J�a�m�a�i�c�a�.� �1�9�9�5�.� �E�c�o�n�o�m�i�c� �a�n�d� �S�o�c�i�a�l� �S�u�r�v�e�y�:� �J�a�m�a�i�c�a� 
�1�9�9�4�.� �K�i�n�g�s�t�o�n�,� �J�a�m�a�i�c�a�:� �T�h�e� �P�l�a�n�n�i�n�g� �I�n�s�t�i�t�u�t�e� �o�f� �J�a�m�a�i�c�a�.� 
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�T�h�i�s� �i�n�c�r�e�a�s�e�s� �t�h�e� �d�i�f�f�i�c�u�l�t�y� �o�f� �p�r�o�d�u�c�i�n�g� �e�x�p�o�r�t� �q�u�a�l�i�t�y� �c�r�o�p�s� �b�e�c�a�u�s�e� �p�r�o�d�u�c�e� �g�o�i�n�g� 

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

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

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

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

�C�a�r�i�b�b�e�a�n� �c�o�u�n�t�r�i�e�s� �h�a�v�e� �e�x�p�e�r�i�e�n�c�e�d� �(�s�e�e� �T�a�b�l�e� �4�-�3�)�,� �A�I�D� �h�a�s� �a�l�r�e�a�d�y� �i�n�v�e�s�t�e�d� �a� 

�g�r�e�a�t� �d�e�a�l� �o�f� �m�o�n�e�y� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �N�T�A�E� �s�e�c�t�o�r� �i�n� �J�a�m�a�i�c�a�,� �a�n�d� �t�h�e�r�e�f�o�r�e� 

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

�F�o�r� �e�x�a�m�p�l�e�,� �A�I�D� �s�p�e�n�t� �$�1�8� �m�i�l�l�i�o�n� �o�n� �c�r�o�p� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �a�n�d� �i�r�r�i�g�a�t�i�o�n� �p�r�o�j�e�c�t�s� �i�n� 

�J�a�m�a�i�c�a� �f�r�o�m� �1�9�8�5� �t�o� �1�9�9�0� �a�n�d� �$�7�.�6� �m�i�l�l�i�o�n� �o�n� �o�t�h�e�r� �a�g�r�i�c�u�l�t�u�r�a�l� �r�e�s�e�a�r�c�h� �r�e�l�a�t�e�d� �t�o� 

�N�T�A�E�s� �f�r�o�m� �1�9�8�6� �t�o� �1�9�9�3� �(�T�h�r�u�p�p� �e�t� �a�l�.� �1�9�9�5�)�.� �I�n� �1�9�8�4�,� �U�.�S�.� �A�I�D� �p�r�o�v�i�d�e�d� 

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

�I�n�t�e�r�n�a�t�i�o�n�a�l� �A�i�r�p�o�r�t� �i�n� �K�i�n�g�s�t�o�n�.� �T�h�e� �p�r�e�-�c�l�e�a�r�a�n�c�e� �p�r�o�g�r�a�m� �f�u�n�d�s� �a� �U�S�D�A�-�t�r�a�i�n�e�d� 

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

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

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

�o�f� �e�x�p�o�r�t�s� �(�R�e�i�d� �1�9�9�6�,� �p�e�r�s�o�n�a�l� �i�n�t�e�r�v�i�e�w�;� �A�l�l�e�n� �1�9�9�6�,� �p�e�r�s�o�n�a�l� �i�n�t�e�r�v�i�e�w�)�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �A�I�D� �p�r�o�v�i�d�e�d� �o�n�e� �h�a�l�f� �o�f� �t�h�e� �f�u�n�d�i�n�g� �(�U�.�S�.� �$�1�0� �m�i�l�l�i�o�n�)� �f�o�r� �t�h�e� �A�g�r�i�c�u�l�t�u�r�a�l� 

�E�x�p�o�r�t� �S�e�r�v�i�c�e�s� �P�r�o�j�e�c�t� �(�A�E�S�P�)�,� �a� �j�o�i�n�t� �p�r�o�j�e�c�t� �b�e�t�w�e�e�n� �t�h�e� �U�.�S�.� �a�n�d� �t�h�e� �G�o�v�e�r�n�m�e�n�t� 

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

�p�r�o�v�i�s�i�o�n� �o�f� �t�e�c�h�n�i�c�a�l� �a�n�d� �m�a�n�a�g�e�m�e�n�t� �a�s�s�i�s�t�a�n�c�e� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n�,� �p�a�c�k�a�g�i�n�g�,� �a�n�d� 
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�m�a�r�k�e�t�i�n�g� �o�f� �e�x�p�o�r�t� �c�r�o�p�s� �(�A�g�r�i�c�u�l�t�u�r�a�l� �E�x�p�o�r�t� �S�e�r�v�i�c�e�s� �P�r�o�j�e�c�t� �H�a�n�d�b�o�o�k�:� �n�o� �d�a�t�e�)�.� 

�T�a�b�l�e� �4�-�3� �U�n�i�t�e�d� �S�t�a�t�e�s� �F�o�o�d� �a�n�d� �D�r�u�g� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �D�e�t�e�n�t�i�o�n�s� �o�f� �F�r�u�i�t� �a�n�d� 
�V�e�g�e�t�a�b�l�e� �I�m�p�o�r�t�s� �D�u�e� �t�o� �P�e�s�t�i�c�i�d�e� �R�e�s�i�d�u�e�s�,� �1�9�8�4�-�1�9�9�4� 
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�C�o�u�n�t�r�y� �T�o�t�a�l� �N�u�m�b�e�r� �o�f� �T�o�t�a�l� �$�U�S� �V�a�l�u�e� �o�f� 
�D�e�t�e�n�t�i�o�n�s�"� �S�h�i�p�m�e�n�t�s� �D�e�t�a�i�n�e�d� 

�M�e�x�i�c�o� �7�,�4�2�9� �5�4�,�5�8�9�,�0�0�0� 

�G�u�a�t�e�m�a�l�a� �3�,�1�6�8� �1�7�,�9�7�2�,�0�0�0� 

�D�o�m�i�n�i�c�a�n� �R�e�p�u�b�l�i�c� �2�,�2�5�9� �1�1�,�2�5�7�,�0�0�0� 

�C�h�i�l�e� �6�6�6� �9�,�4�7�5�,�0�0�0� 

�J�a�m�a�i�c�a� �1�5�0� �5�8�3�,�0�0�0� 

�C�o�s�t�a� �R�i�c�a� �1�0�2� �4�1�1�,�0�0�0� 

�C�o�l�o�m�b�i�a� �7�9� �2�0�0�,�0�0�0� 

�H�o�n�d�u�r�a�s� �6�6� �2�6�9�,�0�0�0� 

�E�l� �S�a�l�v�a�d�o�r� �3�9� �9�7�7�,�0�0�0� 

�E�c�u�a�d�o�r� �3�5� �1�5�8�,�0�0�0� � � � � � � � � � � 

�S�o�u�r�c�e�:� �W�o�r�l�d� �R�e�s�o�u�r�c�e�s� �I�n�s�t�i�t�u�t�e� �a�n�a�l�y�s�i�s� �o�f� �U�.�S�.� �F�o�o�d� �a�n�d� �D�r�u�g� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� 
�D�a�t�a� �(�T�h�r�u�p�p� �e�t� �a�l�.� �1�9�9�5�:� �7�)� 

 �� �N�u�m�b�e�r� �o�f� �s�h�i�p�m�e�n�t�s� �d�e�t�a�i�n�e�d� �f�o�r� �p�e�s�t�i�c�i�d�e� �s�a�m�p�l�i�n�g� �w�h�e�n� �a� �r�a�n�d�o�m� �s�a�m�p�l�i�n�g� �o�f� �t�h�e� 
�s�h�i�p�m�e�n�t� �i�n�d�i�c�a�t�e�s� �p�o�t�e�n�t�i�a�l� �v�i�o�l�a�t�i�o�n�s� �o�f� �F�D�A� �r�e�g�u�l�a�t�i�o�n�s�,� �o�r� �w�h�e�n� �a� �p�r�o�d�u�c�t� �f�r�o�m� �a� 
�c�e�r�t�a�i�n� �c�o�u�n�t�r�y� �i�s� �u�n�d�e�r� �a�u�t�o�m�a�t�i�c� �d�e�t�e�n�t�i�o�n�.� �A�f�t�e�r� �f�u�r�t�h�e�r� �t�e�s�t�i�n�g�,� �s�h�i�p�m�e�n�t�s� �a�r�e� 
�e�i�t�h�e�r� �r�e�l�e�a�s�e�d� �f�o�r� �e�n�t�r�y� �i�n�t�o� �t�h�e� �U�.�S�.� �o�r� �r�e�j�e�c�t�e�d�.� 
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�U�n�i�t�e�d� �S�t�a�t�e�s� �r�e�s�e�a�r�c�h�e�r�s� �i�n�v�o�l�v�e�d� �w�i�t�h� �t�h�e� �I�P�M� �C�R�S�P� �p�r�o�j�e�c�t� �a�r�e� 

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

�D�e�v�e�l�o�p�m�e�n�t� �I�n�s�t�i�t�u�t�e� �(�C�A�R�D�I�)�,� �a�n�d� �i�n�d�i�r�e�c�t�l�y� �w�i�t�h� �o�t�h�e�r� �J�a�m�a�i�c�a�n� �p�e�r�s�o�n�n�e�l� �f�r�o�m� 

�o�r�g�a�n�i�z�a�t�i�o�n�s� �s�u�c�h� �a�s� �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�I�N�A�G�)�,� �t�h�e� �P�e�s�t�i�c�i�d�e� �C�o�n�t�r�o�l� 

�A�u�t�h�o�r�i�t�y� �(�P�C�A�)�,� �a�n�d� �t�h�e� �R�u�r�a�l� �A�g�r�i�c�u�l�t�u�r�a�l� �D�e�v�e�l�o�p�m�e�n�t� �A�u�t�h�o�r�i�t�y� �(�R�A�D�A�)� �t�o� 

�i�n�t�r�o�d�u�c�e� �I�P�M� �p�r�a�c�t�i�c�e�s� �t�o� �s�m�a�l�l�-�s�c�a�l�e� �f�a�r�m�e�r�s� �i�n� �1�1� �c�o�m�m�u�n�i�t�i�e�s�.� �T�h�e� �I�P�M� �C�R�S�P� 

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

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

�a�g�r�i�c�u�l�t�u�r�e� �t�h�r�o�u�g�h� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �N�T�A�E�s� �a�n�d� �t�h�e� �I�P�M� �C�R�S�P ��s� �m�a�n�d�a�t�e� �t�o� 

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

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

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

�a�n�d� �t�h�e� �w�o�r�l�d� �a�v�e�r�a�g�e� �(�T�h�o�m�a�s� �1�9�8�8�)�.� 

�A�g�r�i�c�u�l�t�u�r�e� �a�n�d� �M�a�r�k�e�t�i�n�g� �i�n� �J�a�m�a�i�c�a� 

�I�n� �t�h�e� �C�a�r�i�b�b�e�a�n�,� �s�m�a�l�l�-�s�c�a�l�e� �f�a�r�m�e�r�s� �m�a�k�e� �u�p� �o�v�e�r� �o�n�e� �h�a�l�f� �o�f� �a�l�l� �f�a�r�m�e�r�s� 

�(�B�e�s�s�o�n� �1�9�8�4�)�,� �a�n�d� �i�n� �J�a�m�a�i�c�a� �s�m�a�l�l�-�s�c�a�l�e� �f�a�r�m�e�r�s� �m�a�k�e� �u�p� �5�5� �p�e�r�c�e�n�t� �o�f� �a�l�l� �f�a�r�m�e�r�s� 

�(�P�a�r�i�s�e�r� �1�9�9�6�)�.� �S�m�a�l�l�-�s�c�a�l�e� �a�g�r�i�c�u�l�t�u�r�e� �i�n� �t�h�e� �C�a�r�i�b�b�e�a�n� �i�s� �g�e�n�e�r�a�l�l�y� �d�e�f�i�n�e�d� �a�s� �t�h�e� 

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

�d�o�m�e�s�t�i�c� �m�a�r�k�e�t�s� �(�T�h�o�m�a�s� �1�9�8�8�)�,� �a�l�t�h�o�u�g�h� �i�t� �h�a�s� �b�e�e�n� �d�e�f�i�n�e�d� �a�s� �1�0� �a�c�r�e�s� �o�r� �l�e�s�s� �a�s� 

�w�e�l�l� �(�M�i�n�t�z� �1�9�8�9�)�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �i�s� �a�g�r�e�e�m�e�n�t� �t�h�a�t� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �l�a�n�d�h�o�l�d�i�n�g�s� �a�r�e� 
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�c�l�o�s�e�r� �t�o� �o�n�e� �a�c�r�e� �i�n� �s�i�z�e� �(�M�i�n�t�z� �1�9�8�9�,� �T�h�o�m�a�s� �1�9�8�8�)�.� �S�m�a�l�l�-�s�c�a�l�e� �a�g�r�i�c�u�l�t�u�r�e� 

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

�f�o�l�l�o�w�i�n�g� �e�m�a�n�c�i�p�a�t�i�o�n� �i�n� �1�8�3�8�,� �w�h�e�n� �s�l�a�v�e�s� �s�o�u�g�h�t� �t�o� �g�a�i�n� �t�h�e�i�r� �e�c�o�n�o�m�i�c� �a�s� �w�e�l�l� �a�s� 

�l�e�g�a�l� �i�n�d�e�p�e�n�d�e�n�c�e� �f�r�o�m� �t�h�e� �p�l�a�n�t�a�t�i�o�n�s� �(�T�h�o�m�a�s� �1�9�8�8�,� �B�r�i�e�r�l�y� �1�9�9�1�)�.� 

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

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

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

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

�e�m�a�n�c�i�p�a�t�i�o�n� �(�B�e�s�s�o�n� �1�9�8�4�,� �1�9�8�8�)�.� �P�e�r�h�a�p�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �i�n�t�e�r�e�s�t�i�n�g� �a�n�d� �i�m�p�o�r�t�a�n�t� 

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

�g�e�n�e�r�a�t�i�o�n�a�l� �l�a�n�d�,� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �C�a�r�i�b�b�e�a�n� �(�B�e�s�s�o�n� �1�9�8�4�)�.� �F�o�l�l�o�w�i�n�g� �e�m�a�n�c�i�p�a�t�i�o�n�,� 

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

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

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

�a�c�c�e�s�s�i�b�l�e� �a�n�d� �f�e�r�t�i�l�e� �c�o�a�s�t�a�l� �a�n�d� �a�l�l�u�v�i�a�l� �p�l�a�i�n�s� �(�B�e�c�k�f�o�r�d� �1�9�8�7�)� �a�n�d� �t�h�e� �f�o�r�m�e�r� �s�l�a�v�e�s� 

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

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

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

�s�l�a�v�e�r�y� �a�n�d� �p�l�a�n�t�a�t�i�o�n� �l�a�b�o�r� �(�B�e�s�s�o�n� �a�n�d� �M�o�m�s�e�n� �1�9�8�7�,� �M�i�n�t�z� �1�9�8�9�,� �T�r�o�u�i�l�l�o�t� �1�9�9�0�)�.� 

�I�n� �J�a�m�a�i�c�a� �a�n�d� �o�t�h�e�r� �C�a�r�i�b�b�e�a�n� �c�o�u�n�t�r�i�e�s�,� �t�h�i�s� �l�a�n�d�,� �w�h�i�c�h� �i�s� �o�f�t�e�n� �s�o�m�e� �d�i�s�t�a�n�c�e� 

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

�l�a�n�d� �w�i�l�l� �b�e� �m�a�i�n�t�a�i�n�e�d� �i�n� �t�h�e� �f�a�m�i�l�y� �(�B�e�r�l�e�a�n�t�-�S�c�h�i�l�l�e�r� �a�n�d� �P�u�l�s�i�p�h�e�r� �1�9�8�6�)�.� �I�f� �a�n� 

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

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

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

�B�e�s�s�o�n� �(�1�9�8�4�)� �h�a�s� �i�d�e�n�t�i�f�i�e�d� �t�h�i�s� �p�r�a�c�t�i�c�e� �w�i�t�h� �u�n�d�e�r�p�r�o�d�u�c�t�i�o�n� �b�e�c�a�u�s�e� �f�a�m�i�l�y� 

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

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

�a�n�d� �i�t�s� �p�r�o�d�u�c�e�.� 

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

�s�m�a�l�l�-�s�c�a�l�e� �a�g�r�i�c�u�l�t�u�r�e� �i�n� �t�h�e� �C�a�r�i�b�b�e�a�n� �(�B�e�r�l�e�a�n�t�-�S�c�h�i�l�l�e�r� �a�n�d� �P�u�l�s�i�p�h�e�r� �1�9�8�6�)�.� 

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

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

�e�c�o�n�o�m�i�c� �c�o�n�d�i�t�i�o�n�s� �(�M�i�n�t�z� �1�9�8�9�)�.� �B�e�r�l�e�a�n�t�-�S�c�h�i�l�l�e�r� �a�n�d� �P�u�l�s�i�p�h�e�r� �(�1�9�8�6�)� �i�d�e�n�t�i�f�y� 

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

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

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

�p�o�t�a�t�o�e�s�,� �a�n�d� �y�a�m�s�.� �B�e�r�l�e�a�n�t�-�S�c�h�i�l�l�e�r� �a�n�d� �P�u�l�s�i�p�h�e�r� �b�i�d�.�)� �a�l�s�o� �i�d�e�n�t�i�f�y� �a� �n�u�m�b�e�r� �o�f� 

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

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

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

�p�i�g�e�o�n� �p�e�a�s� �a�s� �a� �s�y�m�b�o�l�i�c� �a�n�d� �b�o�u�n�d�a�r�y� �m�a�r�k�i�n�g� �c�r�o�p�.� 

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

�d�u�r�i�n�g� �s�l�a�v�e�r�y� �(�M�i�n�t�z� �1�9�8�9�)�.� �I�n� �J�a�m�a�i�c�a�,� �a�s� �w�e�l�l� �a�s� �o�t�h�e�r� �C�a�r�i�b�b�e�a�n� �c�o�u�n�t�r�i�e�s�,� �s�l�a�v�e� 

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

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

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

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

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

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

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

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

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

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

�(�M�a�s�s�i�a�h� �1�9�8�3�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �M�a�s�s�i�a�h�,� �t�h�e� �b�a�s�i�c� �e�l�e�m�e�n�t�s� �o�f� �s�h�a�r�i�n�g� �a�n�d� �s�u�s�t�a�i�n�i�n�g� 

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

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

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

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

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

�e�m�a�n�c�i�p�a�t�i�o�n�,� �w�h�e�n� �w�o�m�e�n�,� �k�n�o�w�n� �a�s�  ��h�i�g�g�l�e�r�s�,�"� �b�e�g�a�n� �t�o� �a�c�t� �a�s� �t�h�e� �"�m�i�d�d�l�e�m�e�n�"� 
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�b�e�t�w�e�e�n� �f�a�r�m�e�r�s� �a�n�d� �t�h�e� �m�a�r�k�e�t� �p�l�a�c�e� �(�M�i�n�t�z� �1�9�8�9�)�.� �T�h�e�s�e� �w�o�m�e�n� �t�r�a�v�e�l� �f�r�o�m� �o�n�e� 

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

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

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

�(�1�9�8�9�)�,� �J�a�m�a�i�c�a�n� �w�o�m�e�n ��s� �i�n�d�e�p�e�n�d�e�n�t� �r�o�l�e� �a�s� �m�a�r�k�e�t�e�r� �a�n�d� �c�o�n�t�r�i�b�u�t�o�r� �t�o� �f�a�m�i�l�y� 

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

�v�a�l�u�e�s� �w�i�t�h�i�n� �t�h�e� �f�a�m�i�l�y�.� 

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

�p�r�o�d�u�c�e�r�s� �a�n�d� �c�o�n�s�u�m�e�r�s� �i�n� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �p�r�o�d�u�c�e� �i�n� �J�a�m�a�i�c�a� �(�M�i�n�t�z� �1�9�8�9�)�.� 

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

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

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

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

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

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

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

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

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

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

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

�a�m�o�u�n�t�s� �o�f� �p�r�o�d�u�c�e� �f�r�o�m� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �f�a�r�m�e�r�s� �p�r�o�v�i�d�e� �a�n� �i�m�p�o�r�t�a�n�t� �s�e�r�v�i�c�e�.� 
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�T�h�e� �I�P�M� �C�R�S�P� �P�r�o�j�e�c�t� 

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

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

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

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

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

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

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

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

�a�s� �p�a�r�t� �o�f� �t�h�e� �p�r�o�c�e�s�s� �o�f� �d�e�s�i�g�n�i�n�g� �a�n�d� �i�m�p�l�e�m�e�n�t�i�n�g� �I�P�M� �p�r�a�c�t�i�c�e�s� �i�n� �J�a�m�a�i�c�a�.� 

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

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

�b�o�t�h� �J�a�m�a�i�c�a� �a�n�d� �t�h�e� �U�.�S�.� �s�e�l�e�c�t�e�d� �t�h�e� �c�r�o�p�s� �f�o�r� �I�P�M� �r�e�s�e�a�r�c�h� �a�s� �w�e�l�l� �a�s� �t�h�e� 

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

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

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

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

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

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

�t�h�r�e�e� �c�r�o�p�s� �f�o�r� �i�n�i�t�i�a�l� �I�P�M� �r�e�s�e�a�r�c�h�:� �s�w�e�e�t� �p�o�t�a�t�o� �(�I�p�o�m�o�e�a� �b�a�t�a�t�a�s�)�,� �p�e�p�p�e�r� �(�h�o�t� �a�n�d� 

�s�w�e�e�t�)� �(�C�a�p�s�i�c�u�m� �s�p�.�)�,� �a�n�d� �c�a�l�l�a�l�o�o� �(�A�m�a�r�a�n�t�h�u�s� �s�p�.�)�,� �a� �l�e�a�f�y�,� �g�r�e�e�n� �v�e�g�e�t�a�b�l�e�.� �T�h�e� 
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�1�1� �c�o�m�m�u�n�i�t�i�e�s�,� �l�o�c�a�t�e�d� �i�n� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �p�a�r�i�s�h�e�s� �(�s�e�e� �M�a�p� �1�-�2�)�,� �h�a�v�e� �d�i�v�e�r�s�e� 

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

�T�h�e� �I�P�M� �C�R�S�P� �r�e�s�e�a�r�c�h�e�r�s� �s�e�l�e�c�t�e�d� �a� �d�i�v�e�r�s�e� �g�r�o�u�p� �o�f� �c�o�m�m�u�n�i�t�i�e�s� �i�n� �o�r�d�e�r� �t�o� 

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

�f�a�r�m�i�n�g� �a�n�d� �I�P�M� �i�n� �J�a�m�a�i�c�a�.� 

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

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

�T�h�e�r�e�f�o�r�e�,� �o�n�c�e� �t�h�e� �c�r�o�p�s� �a�n�d� �c�o�m�m�u�n�i�t�i�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d�,� �I�P�M� �C�R�S�P� �s�c�i�e�n�t�i�s�t�s� �b�e�g�a�n� 

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

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

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

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

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

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

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

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

�d�o�m�e�s�t�i�c� �a�n�d� �e�x�p�o�r�t� �m�a�r�k�e�t�s�,� �d�e�m�a�n�d� �f�o�r� �J�a�m�a�i�c�a�n� �N�T�A�E�s�;� �a�n�d� �s�o�c�i�a�l� �s�y�s�t�e�m�s�,� 

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

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

�o�p�p�o�r�t�u�n�i�t�i�e�s�,� �a�n�d� �l�a�n�d� �t�e�n�u�r�e�.� 

�T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �u�s�i�n�g�  ��p�a�r�t�i�c�i�p�a�t�o�r�y� �a�p�p�r�a�i�s�a�l�s �� �i�n� �t�h�e� �1�1� 
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�c�o�m�m�u�n�i�t�i�e�s� �s�e�l�e�c�t�e�d� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �t�h�e� �I�P�M� �C�R�S�P� �p�r�o�j�e�c�t�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �I�P�M� 

�C�R�S�P� �U�p�d�a�t�e� �(�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�9�9�5�)�,� �a� 

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

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

�I�P�M� �C�R�S�P� �r�e�s�e�a�r�c�h�e�r�s� �u�s�e�d� �t�h�e� �p�a�r�t�i�c�i�p�a�t�o�r�y� �a�p�p�r�a�i�s�a�l� �a�p�p�r�o�a�c�h� �t�o� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �i�n� 

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

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

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

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

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

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

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

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

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

�i�m�p�o�r�t�a�n�c�e� �o�f� �l�o�c�a�l� �i�n�s�t�i�t�u�t�i�o�n�s� �(�t�h�r�o�u�g�h� �w�h�i�c�h� �t�h�e� �I�P�M� �C�R�S�P� �p�r�o�j�e�c�t� �m�i�g�h�t� 

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

�b�a�s�i�s� �f�o�r� �s�e�l�e�c�t�i�n�g� �k�e�y� �f�a�r�m�e�r�s� �f�o�r� �I�P�M� �f�i�e�l�d� �t�r�i�a�l�s�.� 
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�R�E�S�U�L�T�S� �O�F� �T�H�E� �P�A�R�T�I�C�I�P�A�T�O�R�Y� �A�P�P�R�A�I�S�A�L�S�?� 

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

�g�e�n�e�r�a�l� �a�n�d� �J�a�m�a�i�c�a� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�e� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �I�P�M� 

�C�R�S�P� �p�r�o�j�e�c�t� �a�l�s�o� �h�a�v�e� �t�h�e�i�r� �o�w�n� �u�n�i�q�u�e� �f�e�a�t�u�r�e�s�.� �T�h�e� �p�a�r�t�i�c�i�p�a�t�o�r�y� �a�p�p�r�a�i�s�a�l�s� 

�c�a�r�r�i�e�d� �o�u�t� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �t�w�o� �y�e�a�r�s� �o�f� �t�h�e� �I�P�M� �C�R�S�P� �p�r�o�j�e�c�t� �i�n� �J�a�m�a�i�c�a� �i�d�e�n�t�i�f�i�e�d� 

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

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

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

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

�d�u�e� �t�o� �t�h�e� �l�o�c�a�t�i�o�n�-�s�p�e�c�i�f�i�c� �n�a�t�u�r�e� �o�f� �I�P�M�.� �T�h�i�s� �s�e�c�t�i�o�n� �w�i�l�l� �e�x�a�m�i�n�e� �h�o�w� �t�h�e� 

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

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

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

�P�h�y�s�i�c�a�l� �E�n�v�i�r�o�n�m�e�n�t�s� 

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

�r�e�g�i�o�n� �r�e�c�e�i�v�e�s� �a�n� �a�v�e�r�a�g�e� �o�f� �7�8� �i�n�c�h�e�s� �o�f� �p�r�e�c�i�p�i�t�a�t�i�o�n� �a�n�n�u�a�l�l�y� �(�C�A�R�D�I� �1�9�9�5�)�.� �T�h�e� 

�r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �i�n� �S�t�.� �C�a�t�h�e�r�i�n�e� �a�n�d� �C�l�a�r�e�n�d�o�n� �a�r�e� �l�o�c�a�t�e�d� �o�n� �t�h�e� �s�o�u�t�h�e�r�n� 

� � 

�9� �U�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �n�o�t�e�d�,� �a�l�l� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �c�o�m�e�s� �f�r�o�m� �t�h�e� 
�W�o�r�k�i�n�g� �R�e�p�o�r�t� �o�n� �E�x�p�l�o�r�a�t�o�r�y� �R�e�s�e�a�r�c�h� �i�n� �J�a�m�a�i�c�a� �f�o�r� �t�h�e� �A�n�n�o�t�t�o� �B�a�y� �S�i�t�e� �(�S�e�i�t�z� 
�1�9�9�5�a�)� �a�n�d� �d�r�a�f�t�s� �o�f� �e�x�p�l�o�r�a�t�o�r�y� �r�e�s�e�a�r�c�h� �r�e�p�o�r�t�s� �i�n� �S�t�.� �C�a�t�h�e�r�i�n�e� �(�S�e�i�t�z� �a�n�d� �P�e�r�k�i�n�s� 
�1�9�9�5�)� �a�n�d� �C�l�a�r�e�n�d�o�n� �(�P�e�r�k�i�n�s� �1�9�9�5�)�.� 
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�c�o�a�s�t�a�l� �p�l�a�i�n� �w�h�e�r�e� �t�h�e� �t�e�r�r�a�i�n� �i�s� �r�e�l�a�t�i�v�e�l�y� �f�l�a�t�.� �T�h�e�s�e� �c�o�m�m�u�n�i�t�i�e�s� �r�e�c�e�i�v�e� �l�e�s�s� �t�h�a�n� 

�5�0� �i�n�c�h�e�s� �o�f� �a�n�n�u�a�l� �p�r�e�c�i�p�i�t�a�t�i�o�n� �(�C�A�R�D�I� �1�9�9�5�)�.� �D�e�s�p�i�t�e� �t�h�e� �l�o�w�e�r� �r�a�i�n�f�a�l�l� �a�m�o�u�n�t�s�,� 

�t�h�e� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �i�n� �S�t�.� �C�a�t�h�e�r�i�n�e� �a�n�d� �C�l�a�r�e�n�d�o�n� �a�r�e� �o�f�t�e�n� �s�u�b�j�e�c�t� �t�o� �f�l�o�o�d� 

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

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

�w�h�i�c�h� �h�a�v�e� �b�e�e�n� �p�r�o�d�u�c�e�d� �f�r�o�m� �o�l�d� �a�n�d� �r�e�c�e�n�t� �a�l�l�u�v�i�u�m� �a�n�d� �l�i�m�e�s�t�o�n�e� �(�C�A�R�D�I� 

�1�9�9�5�)�.� 

�D�e�m�o�g�r�a�p�h�i�c�s� �a�n�d� �L�a�n�d� �T�e�n�u�r�e� 

�F�a�r�m�i�n�g� �i�s� �t�h�e� �p�r�i�m�a�r�y� �o�c�c�u�p�a�t�i�o�n� �i�n� �S�t�.� �M�a�r�y�,� �w�i�t�h� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� 

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

�g�r�a�n�d�p�a�r�e�n�t�s�)�,� �w�h�i�c�h� �i�s� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �t�h�e� �C�a�r�i�b�b�e�a�n� �(�H�i�l�l�s� �1�9�8�8�)�.� �M�o�s�t� �o�f� �t�h�e� 

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

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

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

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

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

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

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

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

�y�o�u�n�g�e�r� �(�2�5�-�4�0� �y�e�a�r� �r�a�n�g�e�)� �p�e�o�p�l�e� �i�n�v�o�l�v�e�d� �a�s� �w�e�l�l�.� �F�a�r�m�i�n�g� �i�s� �l�e�s�s� �l�i�k�e�l�y� �t�o� �b�e� �a� 
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�p�e�r�s�o�n ��s� �p�r�i�m�a�r�y� �o�c�c�u�p�a�t�i�o�n�.� �M�a�n�y� �p�e�o�p�l�e� �r�e�p�o�r�t�e�d� �f�a�r�m�i�n�g� �a�s� �a� �p�a�r�t�-�t�i�m�e� �a�c�t�i�v�i�t�y�,� 

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

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

�(�t�h�r�o�u�g�h� �p�u�r�c�h�a�s�e� �r�a�t�h�e�r� �t�h�a�n� �i�n�h�e�r�i�t�a�n�c�e�)�,� �o�t�h�e�r�s� �l�e�a�s�i�n�g�,� �a�n�d� �s�t�i�l�l� �o�t�h�e�r�s� �a�c�t�i�n�g� �a�s� 

�c�a�r�e�t�a�k�e�r�s� �f�o�r� �a�b�s�e�n�t�e�e� �o�w�n�e�r�s�.� 

�F�a�r�m�i�n�g� �P�r�a�c�t�i�c�e�s� 

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

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

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

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

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

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

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

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

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

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

�F�a�r�m�e�r�s� �i�n� �b�o�t�h� �S�t�.� �C�a�t�h�e�r�i�n�e� �a�n�d� �C�l�a�r�e�n�d�o�n� �p�r�a�c�t�i�c�e� �s�o�m�e� �m�e�c�h�a�n�i�z�e�d� 

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

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

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

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

�S�t�.� �M�a�r�y� �d�u�e� �t�o� �t�h�e� �w�a�r�m�e�r�,� �d�r�i�e�r� �c�l�i�m�a�t�e�.� �C�r�o�p� �s�e�l�e�c�t�i�o�n� �i�s� �p�r�i�m�a�r�i�l�y� �m�a�r�k�e�t�-� 

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

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

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

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

�M�a�n�c�h�e�s�t�e�r� �P�a�c�k�e�r�s�,� �w�i�l�l� �o�n�l�y� �p�u�r�c�h�a�s�e� �a� �c�e�r�t�a�i�n� �a�m�o�u�n�t� �o�f� �c�r�o�p�s�.� �F�a�r�m�e�r�s� �g�i�v�e� 

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

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

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

�s�u�s�c�e�p�t�i�b�l�e� �t�o� �p�e�s�t� �p�r�o�b�l�e�m�s�.� 

�M�a�r�k�e�t� �O�p�p�o�r�t�u�n�i�t�i�e�s� 

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

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

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

�D�e�v�e�l�o�p�m�e�n�t� �P�r�o�j�e�c�t� �C�o�-�O�p� �(�a�n� �o�r�g�a�n�i�z�a�t�i�o�n� �e�s�t�a�b�l�i�s�h�e�d� �a�n�d� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� 

�C�a�t�h�o�l�i�c� �c�h�u�r�c�h� �i�n� �t�h�e� �a�r�e�a�)� �a�n�d� �i�n� �t�h�e� �A�n�n�o�t�t�o� �B�a�y� �(�t�h�e� �c�a�p�i�t�a�l� �o�f� �S�t�.� �M�a�r�y�)� �o�r� 

�K�i�n�g�s�t�o�n� �(�t�h�e� �c�a�p�i�t�a�l� �o�f� �J�a�m�a�i�c�a�)� �m�a�r�k�e�t�s�.� �I�n� �t�h�e� �p�a�s�t�,� �f�e�m�a�l�e� �h�o�u�s�e�h�o�l�d� �m�e�m�b�e�r�s� 

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

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

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

�f�a�r�m�e�r�s� �g�r�o�w� �c�a�r�r�o�t�s� �u�n�d�e�r� �c�o�n�t�r�a�c�t� �w�i�t�h� �G�r�a�c�e� �K�e�n�n�e�d�y�,� �I�n�c�.� �(�a� �f�o�o�d� �p�r�o�c�e�s�s�i�n�g� 

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

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

�T�h�e� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �i�n� �C�l�a�r�e�n�d�o�n� �a�n�d� �S�t�.� �C�a�t�h�e�r�i�n�e� �a�r�e� �c�l�o�s�e�r� �t�o� 

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

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

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

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

�r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �i�n� �S�t�.� �M�a�r�y� �(�C�A�R�D�I� �1�9�9�5�)�.� 

�P�e�s�t�i�c�i�d�e� �U�s�e� 

�I�n� �t�h�e� �S�t�.� �M�a�r�y� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s�,� �f�a�r�m�e�r�s� �e�m�p�l�o�y� �a� �v�a�r�i�e�t�y� �o�f� �n�o�n�-� 

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

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

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

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

�w�o�r�m�s�.� �I�P�M� �C�R�S�P� �r�e�s�e�a�r�c�h�e�r�s� �f�o�u�n�d� �v�e�r�y� �l�i�t�t�l�e� �u�s�e� �o�f� �s�y�n�t�h�e�t�i�c� �p�e�s�t�i�c�i�d�e�s� �t�h�e�r�e�,� �i�n� 

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

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

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

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

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

�p�e�s�t�i�c�i�d�e�s� �a�s� �t�h�e�i�r� �p�r�i�m�a�r�y� �m�e�t�h�o�d� �o�f� �p�e�s�t� �c�o�n�t�r�o�l�.� �I�P�M� �C�R�S�P� �r�e�s�e�a�r�c�h�e�r�s� �f�o�u�n�d� �t�h�a�t� 

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

�t�h�a�n� �i�n� �S�t�.� �M�a�r�y� �(�S�e�i�t�z� �1�9�9�5�b�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �h�e�a�d� �o�f� �t�h�e� �J�a�m�a�i�c�a�n� �A�g�r�i�c�u�l�t�u�r�a�l� 

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

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

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

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

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

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

�p�e�s�t�i�c�i�d�e�s�,� �k�n�o�w�n� �a�s� �p�e�s�t�i�c�i�d�e� �"�c�o�c�k�t�a�i�l�s�"� �(�S�e�i�t�z� �1�9�9�5�b�)�.� �H�o�w�e�v�e�r�,� �w�h�i�l�e� �s�o�m�e� 

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

�c�a�r�e� �w�i�t�h� �w�h�i�c�h� �t�h�e� �s�p�r�a�y� �(�p�e�s�t�i�c�i�d�e�)� �i�s� �a�p�p�l�i�e�d�,� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �q�u�a�n�t�i�t�y�,� �t�h�a�t� 

�d�e�t�e�r�m�i�n�e�s� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� �I�P�M� �C�R�S�P� �r�e�s�e�a�r�c�h�e�r�s� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �s�o�m�e� �f�a�r�m�e�r�s� �a�r�e� 

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

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

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

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

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

�N�o�n�-�p�e�s�t� �C�o�n�s�t�r�a�i�n�t�s� �t�o� �F�a�r�m�i�n�g� 

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

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

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

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

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

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

�f�o�r� �w�o�m�e�n� �w�h�o� �a�r�e� �n�o�t� �a�b�l�e� �t�o� �e�n�g�a�g�e� �i�n� �"�d�a�y� �f�o�r� �d�a�y�"�!�°� �l�a�b�o�r� �s�h�a�r�i�n�g� �a�r�r�a�n�g�e�m�e�n�t�s� 

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

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

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

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

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

�I�n� �C�l�a�r�e�n�d�o�n� �a�n�d� �S�t�.� �C�a�t�h�e�r�i�n�e�,� �w�a�t�e�r� �i�s� �a� �m�a�j�o�r� �p�r�o�b�l�e�m� �f�o�r� �m�a�n�y� �f�a�r�m�e�r�s� 

� � 

�1�0� �U�n�d�e�r� �"�d�a�y� �f�o�r� �d�a�y�"� �l�a�b�o�r� �s�h�a�r�i�n�g� �a�r�r�a�n�g�e�m�e�n�t�s�,� �f�a�r�m�e�r�s� �o�r�g�a�n�i�z�e� �t�o� �w�o�r�k� 
�o�n� �o�n�e� �f�a�r�m� �f�o�r� �a� �d�a�y�,� �o�f�t�e�n� �t�o� �a�c�c�o�m�p�l�i�s�h� �a� �s�p�e�c�i�f�i�c� �t�a�s�k�.� �T�h�e� �r�e�c�i�p�i�e�n�t� �t�h�e�n� 
�r�e�c�i�p�r�o�c�a�t�e�s� �w�h�e�n� �o�t�h�e�r� �f�a�r�m�e�r�s� �h�a�v�e� �a� �c�e�r�t�a�i�n� �t�a�s�k� �w�h�i�c�h� �r�e�q�u�i�r�e�s� �a�d�d�i�t�i�o�n�a�l� �l�a�b�o�r� 
�(�S�m�i�t�h� �a�n�d� �K�r�u�i�j�e�r� �1�9�5�7�)�.� 
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�b�e�c�a�u�s�e� �o�f� �t�h�e� �h�i�g�h� �c�o�s�t�s� �o�f� �i�r�r�i�g�a�t�i�o�n� �o�r� �i�n�a�d�e�q�u�a�t�e� �s�u�p�p�l�y� �o�f� �w�a�t�e�r� �f�r�o�m� �t�h�e� �N�a�t�i�o�n�a�l� 

�I�r�r�i�g�a�t�i�o�n� �C�o�m�m�i�s�s�i�o�n� �(�N�I�C�)�.� �I�n� �S�t�.� �C�a�t�h�e�r�i�n�e�,� �t�h�e� �d�e�s�t�r�u�c�t�i�o�n� �(�i�n� �1�9�9�4�)� �o�f� �t�h�e� �R�i�o� 

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

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

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

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

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

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

�a�r�e� �c�l�o�s�e� �t�o� �t�h�e� �m�a�i�n� �r�o�a�d� �(�t�o� �K�i�n�g�s�t�o�n�)�,� �t�h�e� �r�o�a�d�s� �a�r�e� �i�n� �s�u�c�h� �p�o�o�r� �c�o�n�d�i�t�i�o�n� �t�h�a�t� 

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

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

�t�h�e� �l�o�s�s� �o�f� �s�o�c�i�a�l� �t�i�e�s� �t�h�a�t� �h�a�s� �a�c�c�o�m�p�a�n�i�e�d� �t�h�e�i�r� �r�e�l�o�c�a�t�i�o�n� �b�y� �t�h�e� �A�L�C�O�A� �a�l�u�m�i�n�u�m� 

�c�o�m�p�a�n�y� �t�o� �m�a�k�e� �w�a�y� �f�o�r� �b�a�u�x�i�t�e� �m�i�n�i�n�g�.� 

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

�t�h�e� �S�t�.� �M�a�r�y� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �a�n�d� �t�h�e� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �i�n� �S�t�.� �C�a�t�h�e�r�i�n�e� �a�n�d� 

�C�l�a�r�e�n�d�o�n� �(�s�e�e� �T�a�b�l�e� �4�-�4�)�.� �T�h�e� �p�o�l�i�t�i�c�a�l� �e�c�o�l�o�g�y� �a�p�p�r�o�a�c�h�,� �w�i�t�h� �i�t�s� �r�e�c�o�g�n�i�t�i�o�n� �t�h�a�t� �a� 

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

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

�o�p�p�o�r�t�u�n�i�t�i�e�s�,� �l�i�v�e�l�i�h�o�o�d� �s�t�r�a�t�e�g�i�e�s�,� �a�n�d� �p�e�s�t� �a�n�d� �n�o�n�-�p�e�s�t� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �f�a�r�m�i�n�g�,� 
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�T�a�b�l�e� �4�-�4� �S�u�m�m�a�r�y� �o�f� �D�i�f�f�e�r�e�n�c�e�s� �B�e�t�w�e�e�n� �t�h�e� �S�t�.� �M�a�r�y� �R�e�s�e�a�r�c�h� �C�o�m�m�u�n�i�t�i�e�s� �a�n�d� 
�t�h�e� �C�l�a�r�e�n�d�o�n� �a�n�d� �S�t�.� �C�a�t�h�e�r�i�n�e� �R�e�s�e�a�r�c�h� �C�o�m�m�u�n�i�t�i�e�s� 

� � 

�R�e�s�e�a�r�c�h� �I�s�s�u�e�s� �S�t�.� �M�a�r�y� �S�t�.� �C�a�t�h�e�r�i�n�e�/� �C�l�a�r�e�n�d�o�n� 
� � 

� � 

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

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

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

� � 

�F�a�r�m�i�n�g� �P�r�a�c�t�i�c�e�s� �L�o�n�g�-�t�e�r�m� �t�r�e�e� �c�r�o�p�s�,� �n�o� �S�h�o�r�t�-�t�e�r�m� �v�e�g�e�t�a�b�l�e� 

� � 

� � 

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

�m�e�c�h�a�n�i�z�a�t�i�o�n� 

�M�a�r�k�e�t� �P�r�i�m�a�r�i�l�y� �d�o�m�e�s�t�i�c� �m�a�r�k�e�t�,� �D�o�m�e�s�t�i�c� �a�n�d� �e�x�p�o�r�t� 
�O�p�p�o�r�t�u�n�i�t�i�e�s� �a�l�s�o� �C�o�-�O�p� �a�n�d� �c�o�n�t�r�a�c�t�s� �m�a�r�k�e�t�s� 

�w�i�t�h� �G�r�a�c�e� �K�e�n�n�e�d�y� 

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

�N�o�n�-�p�e�s�t� �L�a�c�k� �o�f� �l�a�b�o�r�,� �a�g�e�,� �b�a�d� �W�a�t�e�r� �s�h�o�r�t�a�g�e�s�,� 
�C�o�n�s�t�r�a�i�n�t�s� �t�o� �r�o�a�d�s�,� �l�a�c�k� �o�f� �c�a�s�h� �o�r� �f�l�o�o�d�i�n�g�,� �b�a�d� �r�o�a�d�s�,� �l�o�s�s� 
�F�a�r�m�i�n�g� �c�r�e�d�i�t�,� �l�o�w� �p�r�o�d�u�c�e� �p�r�i�c�e�s� �o�f� �s�o�c�i�a�l� �t�i�e�s� 
� � 
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�i�n�f�l�u�e�n�c�e� �t�h�e� �t�y�p�e�s� �o�f� �c�r�o�p�s� �t�h�a�t� �f�a�r�m�e�r�s� �g�r�o�w� �i�n� �e�a�c�h� �r�e�g�i�o�n�,� �w�h�e�t�h�e�r� �t�h�e�y� �a�r�e� 

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

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

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

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

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

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

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

�i�d�e�n�t�i�f�y�i�n�g� �p�o�t�e�n�t�i�a�l� �o�b�s�t�a�c�l�e�s� �t�o� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �I�P�M� �a�m�o�n�g� �s�m�a�l�l�-�s�c�a�l�e� 

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

�t�o� �i�d�e�n�t�i�f�y� �l�o�c�a�t�i�o�n�-�s�p�e�c�i�f�i�c�,� �n�o�n�-�t�e�c�h�n�i�c�a�l� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M�.� 

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

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

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

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

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

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

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

�u�s�e� �o�f� �p�e�s�t�i�c�i�d�e�s� �t�h�r�o�u�g�h� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �t�h�e� �u�n�k�n�o�w�n� �I�P�M�.� �T�h�u�s�,� �t�h�e� �n�e�x�t� �c�h�a�p�t�e�r� 

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

�o�f� �I�P�M� �i�n� �t�h�e� �c�o�m�m�u�n�i�t�y� �o�f� �D�e�n�b�i�g�h� �K�r�a�a�l�,� �o�n�e� �o�f� �t�h�e� �I�P�M� �C�R�S�P� �r�e�s�e�a�r�c�h� 
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�c�o�m�m�u�n�i�t�i�e�s� �i�n� �C�l�a�r�e�n�d�o�n�.� 

�7�0



�C�h�a�p�t�e�r� �F�i�v�e� 

�A�n�a�l�y�s�i�s� �o�f� �t�h�e� �N�o�n�-�t�e�c�h�n�i�c�a�l� �C�o�n�s�t�r�a�i�n�t�s� �t�o� �t�h�e� �A�d�o�p�t�i�o�n� �o�f� 
�I�P�M� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l�,� �C�l�a�r�e�n�d�o�n� 

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

�C�R�S�P� �p�r�o�j�e�c�t� �i�n� �J�a�m�a�i�c�a�,� �i�d�e�n�t�i�f�i�e�d� �f�a�r�m�e�r�s� �i�n� �t�h�e� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �i�n� �C�l�a�r�e�n�d�o�n� 

�a�n�d� �S�t�.� �C�a�t�h�e�r�i�n�e� �a�s� �m�o�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �N�T�A�E�s� �a�n�d� �m�o�r�e� �r�e�l�i�a�n�t� �o�n� 

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

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

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

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

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

�c�o�m�m�u�n�i�t�i�e�s� �i�n� �S�t�.� �M�a�r�y� �a�n�d� �t�h�o�s�e� �i�n� �C�l�a�r�e�n�d�o�n� �a�n�d� �S�t�.� �C�a�t�h�e�r�i�n�e�.� �I�P�M� �C�R�S�P� 

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

�w�h�i�l�e� �t�h�e� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �i�n� �S�t�.� �C�a�t�h�e�r�i�n�e� �a�n�d� �C�l�a�r�e�n�d�o�n� �h�a�d� �r�e�l�a�t�i�v�e�l�y� �w�e�a�k� 

�s�o�c�i�a�l� �t�i�e�s� �a�n�d� �a� �s�t�r�o�n�g�e�r� �s�e�n�s�e� �o�f� �i�n�d�i�v�i�d�u�a�l�i�s�m�.� �I�P�M� �C�R�S�P� �s�o�c�i�o�l�o�g�i�s�t�s� �b�e�l�i�e�v�e� �t�h�i�s� 

�m�a�y� �b�e� �a�n� �i�m�p�o�r�t�a�n�t� �c�o�n�s�t�r�a�i�n�t� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M� �i�n� �t�h�e� �C�l�a�r�e�n�d�o�n� �a�n�d� �S�t�.� 

�C�a�t�h�e�r�i�n�e� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �b�e�c�a�u�s�e� �I�P�M� �o�f�t�e�n� �r�e�q�u�i�r�e�s� �t�h�e� �s�h�a�r�i�n�g� �o�f� �l�a�b�o�r� �a�n�d� 

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

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

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

�T�h�e�r�e�f�o�r�e�,� �I� �s�e�l�e�c�t�e�d� �o�n�e� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s�,� �D�e�n�b�i�g�h� �K�r�a�a�l�,� �C�l�a�r�e�n�d�o�n� �(�s�e�e� 
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�M�a�p� �5�-�1�)�,� �i�n� �w�h�i�c�h� �t�o� �c�o�n�d�u�c�t� �a� �m�o�r�e� �t�h�o�r�o�u�g�h� �s�t�u�d�y� �o�f� �t�h�e� �n�o�n�-�t�e�c�h�n�i�c�a�l� �c�o�n�s�t�r�a�i�n�t�s� 

�t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M�.� 

�P�h�a�s�e� �I�I�:� �A�r�e�a� �o�f� �u�n�f�i�n�i�s�h�e�d� �o�r� �u�n�o�c�c�u�p�i�e�d� �H�o�u�s�e�s� �N� 
�e�e� �m�o�n�y�,� �n�o�e� �a�l� �m�e�m�e�s� �a�w�,� �e�w�e�s�,� �w�e�e� �e�e�e� 

�P�h�a�s�e� �I�:� �A�r�e�a� �o�f� �f�i�n�i�s�h�e�d� �a�n�d� �o�c�c�u�p�i�e�d� �h�o�u�s�e�s� 
�S�i�t�e� �o�f� �F�i�e�l�d� �R�e�s�e�a�r�c�h� �C�N� 

�.� �\�.� �.� �X�D�)� 

� � � 
� � 

�R�a�i�l�r�o�a�d� �+�4�4�5�.�.�.�)� 

�S�e�c�o�n�d�a�r�y� �R�o�a�d�-�= � �� 

�I�r�r�i�g�a�t�i�o�n� �P�u�m�p� �S�t�a�t�i�o�n� �&� 

�C�u�l�t�i�v�a�t�e�d� �L�a�n�d� �£�7�)� 

�H�o�u�s�e� �*�_�}� 

�U�n�c�u�l�t�i�v�a�t�e�d� �L�a�n�d �� �a�e� 

�M�a�p� �n�o�t� �d�r�a�w�n� �t�o� �s�c�a�l�e� 

�M�a�p� �5�-�1� �D�e�n�b�i�g�h� �K�r�a�a�l�,� �C�l�a�r�e�n�d�o�n� 
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�A� �w�i�d�e� �r�a�n�g�e� �o�f� �e�x�t�e�r�n�a�l� �a�n�d� �l�o�c�a�l� �f�a�c�t�o�r�s� �s�h�a�p�e� �p�a�t�t�e�r�n�s� �o�f� �r�e�s�o�u�r�c�e� �u�s�e� �a�t� �t�h�e� 

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

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

�D�e�n�b�i�g�h� �K�r�a�a�l�,� �n�u�m�e�r�o�u�s� �l�o�c�a�l� �a�n�d� �e�x�t�e�r�n�a�l� �f�a�c�t�o�r�s� �i�n�t�e�r�a�c�t� �t�o� �i�n�f�l�u�e�n�c�e� �i�n�d�i�v�i�d�u�a�l� 

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

�a�d�o�p�t�i�o�n� �o�f� �I�P�M�.� �D�e�n�b�i�g�h� �K�r�a�a�l� �i�s� �a�n� �i�d�e�a�l� �c�o�m�m�u�n�i�t�y� �i�n� �w�h�i�c�h� �t�o� �s�t�u�d�y� �n�o�n�-� 

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

�r�e�c�e�n�t�l�y� �b�e�e�n� �r�e�l�o�c�a�t�e�d� �f�r�o�m� �t�h�e� �h�i�l�l�t�o�p� �c�o�m�m�u�n�i�t�y� �o�f� �M�o�c�h�o� �(�b�y� �t�h�e� �A�l�u�m�i�n�u�m� 

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

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

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

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

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

�e�x�t�e�r�n�a�l� �p�o�l�i�t�i�c�a�l�-�e�c�o�n�o�m�i�c� �f�o�r�c�e�s�.� 

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

�a�d�o�p�t�i�o�n� �o�f� �I�P�M� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l�.� �F�i�r�s�t�,� �a�n�d� �p�e�r�h�a�p�s� �m�o�s�t� �i�m�p�o�r�t�a�n�t�,� �a�r�e� �f�a�r�m�e�r�s� 

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

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

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

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

�n�e�e�d� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �u�s�e� �o�f� �p�e�s�t�i�c�i�d�e�s� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �p�r�e�s�s�u�r�e� �t�o� 
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�p�r�o�d�u�c�e� �h�i�g�h� �q�u�a�l�i�t�y� �e�x�p�o�r�t� �c�r�o�p�s� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �O�n�e�,� �s�e�v�e�r�a�l� �f�a�c�t�o�r�s� �s�p�e�c�i�f�i�c� 

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

�K�r�a�a�l�.� �T�h�i�r�d�,� �I� �w�i�l�l� �e�x�a�m�i�n�e� �i�n�d�i�v�i�d�u�a�l� �a�t�t�i�t�u�d�e�s� �a�n�d� �b�e�l�i�e�f�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �s�a�f�e�t�y� �a�n�d� 

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

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

�t�h�a�t� �s�o�m�e� �f�a�r�m�e�r�s� �a�r�e� �l�e�s�s� �w�i�l�l�i�n�g� �t�h�a�n� �o�t�h�e�r�s� �t�o� �a�d�o�p�t� �I�P�M�.� �F�o�u�r�t�h�,� �r�e�s�i�d�e�n�t�s� �o�f� 

�D�e�n�b�i�g�h� �K�r�a�a�l� �h�a�v�e� �c�o�m�p�l�a�i�n�e�d� �t�h�a�t� �t�h�e�i�r� �r�e�l�o�c�a�t�i�o�n� �f�r�o�m� �M�o�c�h�o� �t�o� �D�e�n�b�i�g�h� �K�r�a�a�l� 

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

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

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

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

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

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

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

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

�R�E�S�E�A�R�C�H� �S�E�T�T�I�N�G� 

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �4�5� �m�i�l�e�s� �w�e�s�t� �o�f� �K�i�n�g�s�t�o�n�,� �t�h�e� �c�a�p�i�t�a�l� �o�f� �J�a�m�a�i�c�a�,� �a�n�d� �1� �m�i�l�e� �w�e�s�t� �o�f� 

�M�a�y� �P�e�n�,� �t�h�e� �c�a�p�i�t�a�l� �o�f� �C�l�a�r�e�n�d�o�n�.� �D�e�n�b�i�g�h� �K�r�a�a�l� �i�s� �a� �r�e�s�i�d�e�n�t�i�a�l� �a�n�d� �a�g�r�i�c�u�l�t�u�r�a�l� 

�s�u�b�d�i�v�i�s�i�o�n�-�s�t�y�l�e� �c�o�m�m�u�n�i�t�y�,� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �1�9�9�2� �w�h�e�n� �t�h�e� �A�l�u�m�i�n�u�m� �C�o�m�p�a�n�y� �o�f� 
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�A�m�e�r�i�c�a� �(�A�L�C�O�A�)� �b�e�g�a�n� �r�e�l�o�c�a�t�i�n�g� �r�e�s�i�d�e�n�t�s� �f�r�o�m� �t�h�e� �h�i�l�l�t�o�p� �c�o�m�m�u�n�i�t�y� �o�f� �M�o�c�h�o� 

�(�a�b�o�u�t� �2�0� �m�i�l�e�s� �a�w�a�y�)� �t�o� �m�a�k�e� �w�a�y� �f�o�r� �b�a�u�x�i�t�e� �m�i�n�i�n�g ��.� �A�L�C�O�A� �h�a�s� �a�l�s�o� �p�r�o�v�i�d�e�d� 

�a�g�r�i�c�u�l�t�u�r�a�l� �l�a�n�d� �f�o�r� �a� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� �f�a�r�m�e�r�s� �f�r�o�m� �B�o�w�e�n�s� �(�a�b�o�u�t� �5� �m�i�l�e�s� �a�w�a�y�)�,� 

�w�h�e�r�e� �A�L�C�O�A� �a�c�q�u�i�r�e�d� �t�h�e�i�r� �l�a�n�d� �f�o�r� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �a� �b�a�u�x�i�t�e� �p�r�o�c�e�s�s�i�n�g� �p�l�a�n�t�.� 

�D�e�n�b�i�g�h� �K�r�a�a�l� �o�c�c�u�p�i�e�s� �3�7�2�.�5� �a�c�r�e�s� �o�f� �l�a�n�d� �t�h�a�t� �f�o�r�m�e�r�l�y� �s�e�r�v�e�d� �a�s� �a� �l�a�r�g�e� 

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

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

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

�h�y�d�r�a�n�t�s�,� �t�e�l�e�p�h�o�n�e� �h�o�o�k�-�u�p�s�,� �a�n�d� �f�e�n�c�e�s�.� �A�L�C�O�A� �a�l�s�o� �b�u�i�l�d�s� �n�e�w� �h�o�u�s�e�s� �f�o�r� �t�h�o�s�e� 

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

�D�e�n�b�i�g�h� �K�r�a�a�l� �i�n� �1�9�9�2�,� �t�h�u�s� �t�h�e� �l�o�n�g�e�s�t� �a�n�y�o�n�e� �h�a�s� �f�a�r�m�e�d� �t�h�e�r�e� �i�s� �f�o�u�r� �y�e�a�r�s� �(�s�e�e� 

�T�a�b�l�e� �5�-�1�)�.� �H�o�w�e�v�e�r�,� �s�o�m�e� �p�e�o�p�l�e� �b�e�g�a�n� �f�a�r�m�i�n�g� �a�s� �r�e�c�e�n�t�l�y� �a�s� �N�o�v�e�m�b�e�r� �1�9�9�5�.� 

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

�p�e�o�p�l�e� �f�r�o�m� �M�o�c�h�o�.� �W�h�e�n� �c�o�m�p�l�e�t�e�,� �t�h�e�r�e� �w�i�l�l� �b�e� �3�5� �h�o�u�s�e�s� �i�n� �t�h�e� �c�o�m�m�u�n�i�t�y�;� 

�h�o�w�e�v�e�r�,� �a�t� �t�h�i�s� �t�i�m�e� �o�n�l�y� �1�4� �h�o�u�s�e�s� �h�a�v�e� �b�e�e�n� �c�o�m�p�l�e�t�e�d� �a�n�d� �a�r�e� �o�c�c�u�p�i�e�d�.� 

�A�L�C�O�A� �e�s�t�i�m�a�t�e�s� �t�h�a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�1�5� �o�f� �t�h�e� �3�7�2� �a�c�r�e�s� �w�i�l�l� �b�e� �u�s�e�d� �f�o�r� 

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

� � 

�1�1� �S�e�e� �B�e�c�k�f�o�r�d� �(�1�9�8�7�)� �f�o�r� �a� �d�e�t�a�i�l�e�d� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �s�o�c�i�a�l� �i�m�p�a�c�t�s� �o�f� �b�a�u�x�i�t�e� 
�m�i�n�i�n�g� �i�n� �J�a�m�a�i�c�a�.� 
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�T�a�b�l�e� �5�-�1� �B�a�c�k�g�r�o�u�n�d� �I�n�f�o�r�m�a�t�i�o�n� �o�n� �P�e�o�p�l�e� �I�n�t�e�r�v�i�e�w�e�d� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l� 

� � 

�N�u�m�b�e�r� �o�f� �I�n�d�i�v�i�d�u�a�l�s� �(�n�=�2�2�)� 
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�C�u�r�r�e�n�t� �R�e�s�i�d�e�n�c�e� �D�e�n�b�i�g�h� �K�r�a�a�l� �1�3� 

�E�l�s�e�w�h�e�r�e� �9� 

�F�o�r�m�e�r� �R�e�s�i�d�e�n�c�e� �M�o�c�h�o� �1�0� 

�B�o�w�e�n�s� �4� 

�E�l�s�e�w�h�e�r�e� �8� 

�O�c�c�u�p�a�t�i�o�n� �F�u�l�l�-�t�i�m�e� �f�a�r�m�e�r� �6� 

�P�a�r�t�-�t�i�m�e� �f�a�r�m�e�r�/� �p�a�r�t�-�t�i�m�e� �o�t�h�e�r� �3� 

�F�u�l�l�-�t�i�m�e� �o�t�h�e�r�/� �p�a�r�t�-�t�i�m�e� �f�a�r�m�e�r� �2� 

�F�u�l�l�-�t�i�m�e� �o�t�h�e�r� �6� 

�O�c�c�u�p�a�t�i�o�n� �u�n�k�n�o�w�n� �o�r� �u�n�e�m�p�l�o�y�e�d� �5� 

�N�u�m�b�e�r� �o�f� �H�o�u�s�e�h�o�l�d�s� �(�n�=�1�9�)� 

�H�o�m�e�/�l�a�n�d� �a�c�c�e�s�s� �O�w�n� �l�a�n�d�/�h�o�m�e� �7� 

�O�w�n� �l�a�n�d� �4� 

�R�e�n�t� �l�a�n�d�/�h�o�m�e� �3� 

�R�e�n�t� �l�a�n�d� �3� 

�L�a�b�o�r�e�r� �2� 

�F�a�r�m� �t�y�p�e� �N�o� �f�a�r�m�i�n�g� �3� 

�H�o�m�e�-�c�o�n�s�u�m�p�t�i�o�n� �o�n�l�y� �5� 

�H�o�m�e�-�c�o�n�s�u�m�p�t�i�o�n� �a�n�d� �l�o�c�a�l� �m�a�r�k�e�t� �2� 
�o�n�l�y� 

�H�o�m�e�-�c�o�n�s�u�m�p�t�i�o�n�,� �l�o�c�a�l� �a�n�d� �e�x�p�o�r�t� �9� 
�m�a�r�k�e�t�s� 

�N�u�m�b�e�r� �o�f� �F�a�r�m�e�r�s�*� �(�n�=�1�1�)� 

�L�e�n�g�t�h� �o�f� �t�i�m�e� �f�a�r�m�i�n�g� �i�n� �D�e�n�b�i�g�h� �U�p� �t�o� �|� �y�e�a�r� �3� 

�K�r�a�a�l� �1�.�1�-�2� �y�e�a�r�s� �4� 

�2�.�1�-�3� �y�e�a�r�s� �3� 

�3�.�1�-�4� �y�e�a�r�s� �N�t� � � � � � � � � � � 

�*�T�h�e� �t�e�r�m� �f�a�r�m�e�r�s� �r�e�f�e�r�s� �o�n�l�y� �t�o� �i�n�d�i�v�i�d�u�a�l�s� �p�r�o�d�u�c�i�n�g� �c�a�s�h� �c�r�o�p�s�.� 
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�A�s� �p�a�r�t� �o�f� �t�h�e� �r�e�s�e�t�t�l�e�m�e�n�t� �a�g�r�e�e�m�e�n�t�s�,� �A�L�C�O�A� �p�l�a�n�t�s� �l�o�n�g�-�t�e�r�m� �c�r�o�p�s� �(�p�r�i�m�a�r�i�l�y� 

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

�(�p�r�i�m�a�r�i�l�y� �w�e�e�d�i�n�g� �a�n�d� �s�p�r�a�y�i�n�g�)� �f�o�r� �s�e�v�e�r�a�l� �y�e�a�r�s�.� �A�L�C�O�A� �a�l�s�o� �p�r�o�v�i�d�e�s� �i�r�r�i�g�a�t�i�o�n� 

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

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

�I�r�r�i�g�a�t�i�o�n� �C�o�m�m�i�s�s�i�o�n� �(�M�i�d�-�C�l�a�r�e�n�d�o�n� �N�I�C�)� �a�n�d� �d�i�s�t�r�i�b�u�t�e�s� �i�t� �t�h�r�o�u�g�h� �t�h�e� 

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

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

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

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

�A�L�C�O�A ��s� �s�t�a�n�d�a�r�d�s� �"�m�o�d�e�r�n�"� �m�e�a�n�s� �a� �t�r�a�c�t�o�r� �c�a�n� �b�e� �u�s�e�d� �t�o� �p�r�e�p�a�r�e� �t�h�e� �l�a�n�d� �f�o�r� 

�c�u�l�t�i�v�a�t�i�o�n�)�,� �A�L�C�O�A� �w�i�l�l� �o�n�l�y� �p�r�o�v�i�d�e� �t�w�o� �a�c�r�e�s� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l�.� �M�o�s�t� �p�l�o�t�s� �r�a�n�g�e� 

�i�n� �s�i�z�e� �f�r�o�m� �0�.�5� �a�c�r�e�s� �t�o� �5� �a�c�r�e�s�,� �a�l�t�h�o�u�g�h� �o�n�e� �f�a�r�m�e�r� �o�w�n�s� �2�4� �a�c�r�e�s�.� �E�x�c�l�u�d�i�n�g� �t�h�e� 

�2�4� �a�c�r�e� �p�l�o�t�,� �t�h�e� �a�v�e�r�a�g�e� �s�i�z�e� �o�f� �f�a�r�m� �p�l�o�t�s� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l� �i�s� �2�.�5� �a�c�r�e�s�.� �W�h�i�l�e� 

�m�a�n�y� �o�f� �t�h�e� �p�e�o�p�l�e� �l�i�v�i�n�g� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l� �a�r�e� �o�r�i�g�i�n�a�l�l�y� �f�r�o�m� �M�o�c�h�o�,� �o�r� �h�a�d� �f�a�m�i�l�y� 

�t�h�e�r�e�,� �m�a�n�y� �o�t�h�e�r�s� �r�e�s�i�d�e�n�t�s� �o�f� �D�e�n�b�i�g�h� �K�r�a�a�l� �a�r�e� �n�o�t� �o�r�i�g�i�n�a�l�l�y� �f�r�o�m� �M�o�c�h�o� �(�s�e�e� 

�T�a�b�l�e� �5�-�1�)�.� �S�e�v�e�r�a�l� �p�r�o�p�e�r�t�y� �o�w�n�e�r�s� �f�r�o�m� �M�o�c�h�o� �w�h�o� �a�r�e� �l�i�v�i�n�g� �i�n� �o�t�h�e�r� �p�a�r�t�s� �o�f� 

�J�a�m�a�i�c�a�,� �o�r� �o�v�e�r�s�e�a�s�,� �h�a�v�e� �r�e�n�t�e�d� �o�r� �s�o�l�d� �t�h�e�i�r� �h�o�m�e�s� �a�n�d�/�o�r� �l�a�n�d� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l� 

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

�R�e�s�i�d�e�n�t�s� �o�f� �D�e�n�b�i�g�h� �K�r�a�a�l� �h�a�v�e� �e�x�p�e�r�i�e�n�c�e�d� �s�e�v�e�r�a�l� �c�h�a�n�g�e�s� �s�i�n�c�e� �t�h�e�y� 

�m�o�v�e�d� �t�o� �D�e�n�b�i�g�h� �K�r�a�a�l�.� �F�i�r�s�t�,� �f�a�r�m�e�r�s �� �p�r�o�d�u�c�t�i�o�n� �p�r�a�c�t�i�c�e�s� �h�a�v�e� �c�h�a�n�g�e�d� 
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�s�i�g�n�i�f�i�c�a�n�t�l�y�.� �M�o�c�h�o� �i�s� �l�o�c�a�t�e�d� �i�n� �t�h�e� �h�i�l�l�s� �a�t� �a�n� �e�l�e�v�a�t�i�o�n� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�5�0�0� �f�e�e�t� 

�a�n�d� �r�e�c�e�i�v�e�s� �7�6�-�1�0�0� �i�n�c�h�e�s� �o�f� �r�a�i�n� �p�e�r� �y�e�a�r�.� �I�n� �c�o�n�t�r�a�s�t�,� �D�e�n�b�i�g�h� �K�r�a�a�l� �i�s� �l�o�c�a�t�e�d� �o�n� 

�t�h�e� �c�o�a�s�t�a�l� �p�l�a�i�n�s� �a�t� �a�n� �e�l�e�v�a�t�i�o�n� �o�f� �2�0�0� �f�e�e�t� �a�n�d� �r�e�c�e�i�v�e�s� �l�e�s�s� �t�h�a�n� �5�0� �i�n�c�h�e�s� �o�f� �r�a�i�n� 

�p�e�r� �y�e�a�r� �(�t�h�e� �a�v�e�r�a�g�e� �r�a�i�n�f�a�l�l� �i�n� �J�a�m�a�i�c�a� �i�s� �7�5� �i�n�c�h�e�s� �p�e�r� �y�e�a�r�)�.� �T�h�e� �c�h�a�n�g�e� �f�r�o�m� �a� 

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

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

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

�p�e�a�n�u�t�s� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l� �(�B�e�c�k�a�r�o�o� �1�9�9�6�,� �p�e�r�s�o�n�a�l� �i�n�t�e�r�v�i�e�w�;� �B�u�r�r�e�l�s� �1�9�9�6�,� �p�e�r�s�o�n�a�l� 

�i�n�t�e�r�v�i�e�w�)�.� 

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

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

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

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

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

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

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

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

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

�F�o�r� �e�x�a�m�p�l�e�,� �a�l�l� �t�h�e� �r�e�s�i�d�e�n�t�s� �o�f� �D�e�n�b�i�g�h� �K�r�a�a�l� �a�r�e� �n�o�t� �f�a�r�m�e�r�s�,� �a�n�d� �n�o�t� �a�l�l� �t�h�e� 

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

�D�e�n�b�i�g�h� �K�r�a�a�l� �(�r�e�p�r�e�s�e�n�t�i�n�g� �t�w�o� �d�i�f�f�e�r�e�n�t� �h�o�u�s�e�h�o�l�d�s�)� �f�a�r�m� �f�u�l�l�-�t�i�m�e�.� �T�h�e� �o�t�h�e�r� 
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�r�e�s�i�d�e�n�t�s� �e�i�t�h�e�r� �f�a�r�m� �p�a�r�t�-�t�i�m�e� �a�n�d� �s�u�p�p�l�e�m�e�n�t� �t�h�e�i�r� �i�n�c�o�m�e�s� �w�i�t�h� �o�f�f�-�f�a�r�m� �l�a�b�o�r�,� 

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

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

�t�i�m�e� �(�s�e�e� �T�a�b�l�e� �5�-�1�)� �l�i�v�e� �o�u�t�s�i�d�e� �t�h�e� �c�o�m�m�u�n�i�t�y� �a�n�d�  ��c�o�m�m�u�t�e �� �t�o� �t�h�e�i�r� �f�a�r�m�s�.� �T�h�e� 

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

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

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

�c�o�m�m�u�n�i�t�y�.� 

�M�E�T�H�O�D�O�L�O�G�Y� 

�I� �s�p�e�n�t� �t�h�r�e�e� �a�n�d� �a� �h�a�l�f� �w�e�e�k�s� �d�u�r�i�n�g� �J�a�n�u�a�r�y� �o�f� �1�9�9�6� �c�o�n�d�u�c�t�i�n�g� �f�i�e�l�d� 

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

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

�m�e�e�t� �a�n�d� �i�n�t�e�r�v�i�e�w� �a�l�l� �b�u�t� �o�n�e� �f�a�r�m�e�r� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l� �(�w�h�o�m� �I� �w�a�s� �u�n�a�b�l�e� �t�o� �l�o�c�a�t�e� 

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

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

�a�n�d� �p�a�s�t� �(�i�n� �M�o�c�h�o� �o�r� �o�t�h�e�r� �l�o�c�a�t�i�o�n�s�)� �f�a�r�m�i�n�g� �p�r�a�c�t�i�c�e�s�,� �p�e�s�t�i�c�i�d�e� �u�s�e�,� �m�a�r�k�e�t�i�n�g� 

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

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

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

�B�e�c�a�u�s�e� �I� �w�a�s� �i�n�t�e�r�e�s�t�e�d� �i�n� �h�o�w� �p�e�o�p�l�e ��s� �f�a�r�m�i�n�g� �p�r�a�c�t�i�c�e�s� �a�n�d� �s�o�c�i�a�l� �t�i�e�s� �h�a�v�e� 
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�c�h�a�n�g�e�d� �s�i�n�c�e� �t�h�e�y� �m�o�v�e�d� �t�o� �D�e�n�b�i�g�h� �K�r�a�a�l�,� �I� �a�l�s�o� �v�i�s�i�t�e�d� �t�h�e� �c�o�m�m�u�n�i�t�y� �o�f� �M�o�c�h�o� 

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

�K�r�a�a�l� �(�w�h�o�s�e� �f�a�m�i�l�y� �s�t�i�l�l� �l�i�v�e�s� �i�n� �M�o�c�h�o�)� �i�n�v�i�t�e�d� �m�e� �t�o� �M�o�c�h�o�,� �p�r�i�m�a�r�i�l�y� �t�o� �s�h�o�w� �m�e� 

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

�M�o�c�h�o�.� �W�h�i�l�e� �I� �w�a�s� �i�n� �M�o�c�h�o� �o�n�l�y� �o�n�e� �d�a�y�,� �I� �t�o�o�k� �t�h�e� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �i�n�t�e�r�v�i�e�w� �t�h�e� 

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

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

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

�K�r�a�a�l�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �s�p�e�a�k�i�n�g� �w�i�t�h� �f�a�r�m�e�r�s� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l� �a�n�d� �M�o�c�h�o�,� �[� �a�l�s�o� 

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

�a�g�r�i�c�u�l�t�u�r�e� �i�n� �J�a�m�a�i�c�a�,� �a�s� �w�e�l�l� �a�s� �o�f�f�i�c�i�a�l�s� �w�i�t�h� �A�L�C�O�A� �a�n�d� �t�h�e� �J�a�m�a�i�c�a�n� �B�a�u�x�i�t�e� 

�I�n�s�t�i�t�u�t�e�.� �I� �i�n�t�e�r�v�i�e�w�e�d� �o�f�f�i�c�i�a�l�s� �f�r�o�m� �A�L�C�O�A�,� �t�h�e� �P�e�s�t�i�c�i�d�e� �C�o�n�t�r�o�l� �A�u�t�h�o�r�i�t�y� 

�(�P�C�A�)�,� �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�I�N�A�G�)�,� �t�h�e� �R�u�r�a�l� �A�g�r�i�c�u�l�t�u�r�a�l� �D�e�v�e�l�o�p�m�e�n�t� 

�A�u�t�h�o�r�i�t�y� �(�R�A�D�A�)�,� �t�h�e� �J�a�m�a�i�c�a� �E�x�p�o�r�t�e�r�s �� �A�s�s�o�c�i�a�t�i�o�n� �(�J�E�A�)�,� �t�h�e� �J�a�m�a�i�c�a� 

�A�g�r�i�c�u�l�t�u�r�a�l� �S�o�c�i�e�t�y� �(�J�A�S�)�,� �t�h�e� �J�a�m�a�i�c�a� �B�a�u�x�i�t�e� �I�n�s�t�i�t�u�t�e� �(�J�B�I�)�,� �a�n�d� �t�h�e� �M�i�d�-� 

�C�l�a�r�e�n�d�o�n� �N�a�t�i�o�n�a�l� �I�r�r�i�g�a�t�i�o�n� �C�o�m�m�i�s�s�i�o�n� �(�M�i�d�-�C�l�a�r�e�n�d�o�n� �N�I�C�)�.� �I� �a�l�s�o� �c�o�n�d�u�c�t�e�d� 

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

�F�o�u�n�d�a�t�i�o�n� �(�J�A�D�F�)�,� �a�n�d� �t�h�e� �C�i�t�r�u�s� �G�r�o�w�e�r�s �� �A�s�s�o�c�i�a�t�i�o�n�,� �a�n�d� �o�b�t�a�i�n�e�d� �d�a�t�a� �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�I�N�A�G�)� �D�a�t�a� �E�v�a�l�u�a�t�i�o�n� �D�i�v�i�s�i�o�n�,� �J�a�m�a�i�c�a� �E�n�v�i�r�o�n�m�e�n�t�a�l� 

�T�r�u�s�t�,� �t�h�e� �P�l�a�n�n�i�n�g� �I�n�s�t�i�t�u�t�e� �o�f� �J�a�m�a�i�c�a�,� �a�n�d� �t�h�e� �S�t�a�t�i�s�t�i�c�a�l� �I�n�s�t�i�t�u�t�e� �o�f� �J�a�m�a�i�c�a�.� 
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�J� �u�s�e�d� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �i�n�t�e�r�v�i�e�w�s� �a�n�d� �o�b�s�e�r�v�a�t�i�o�n�s� �t�o� �g�a�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n�.� 

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

�p�r�e�d�e�t�e�r�m�i�n�e�d� �s�e�t� �o�f� �q�u�e�s�t�i�o�n�s� �(�s�e�e� �A�p�p�e�n�d�i�x� �A�)� �t�o� �l�e�s�s� �f�o�r�m�a�l� �c�o�n�v�e�r�s�a�t�i�o�n�s� �o�n� 

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

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

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

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

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

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

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

�a�n�d� �p�r�o�b�l�e�m�s� �w�i�t�h� �A�L�C�O�A� �a�n�d� �t�h�e� �r�e�l�o�c�a�t�i�o�n� �p�r�o�c�e�s�s�.� 

�O�v�e�r� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�r�e�e� �a�n�d� �a� �h�a�l�f� �w�e�e�k�s� �I� �i�n�t�e�r�v�i�e�w�e�d� �a� �t�o�t�a�l� �o�f� �2�2� 

�i�n�d�i�v�i�d�u�a�l�s� �(�n�i�n�e� �w�o�m�e�n� �a�n�d� �t�h�i�r�t�e�e�n� �m�e�n�)� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l� �a�t� �l�e�a�s�t� �o�n�c�e�,� �a�n�d� �s�o�m�e� 

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

�n�i�n�e� �h�o�u�s�e�h�o�l�d�s� �i�n� �s�u�r�r�o�u�n�d�i�n�g� �c�o�m�m�u�n�i�t�i�e�s�.� �T�h�r�e�e� �o�f� �t�h�e�s�e� �h�o�u�s�e�h�o�l�d�s� �i�n� �D�e�n�b�i�g�h� 

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

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

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

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

� � 

�1�2� �A� �h�o�u�s�e�h�o�l�d� �i�s� �d�e�f�i�n�e�d� �h�e�r�e� �a�s� �t�h�e� �p�e�o�p�l�e� �l�i�v�i�n�g� �u�n�d�e�r� �o�n�e� �r�o�o�f�,� �w�h�e�t�h�e�r� 
�r�e�l�a�t�e�d� �b�y� �k�i�n�s�h�i�p� �t�i�e�s� �o�r� �n�o�t�.� 
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�h�o�u�s�e�h�o�l�d�s�)� �i�n�t�e�r�v�i�e�w�e�d� �w�e�r�e� �c�u�r�r�e�n�t�l�y�,� �o�r� �h�a�d� �b�e�e�n� �i�n� �t�h�e� �l�a�s�t� �y�e�a�r�,� �i�n�v�o�l�v�e�d� �i�n� �c�a�s�h� 

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

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

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

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

�R�E�S�U�L�T�S� 

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

�n�o�t� �i�n�t�e�n�d�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �o�b�s�t�a�c�l�e�s� �t�o� �t�h�e� �a�d�o�p�t�i�o�n� �o�f� �I�P�M� �t�h�r�o�u�g�h�o�u�t� �J�a�m�a�i�c�a�.� �T�o� 

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

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

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

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

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

�s�c�a�l�e� �f�a�r�m�e�r�s� �i�n� �J�a�m�a�i�c�a� �a�n�d� �i�n� �o�t�h�e�r� �T�h�i�r�d� �W�o�r�l�d� �c�o�u�n�t�r�i�e�s�.� 

�U�s�e� �o�f� �a�n�d� �A�t�t�i�t�u�d�e�s� �T�o�w�a�r�d�s� �P�e�s�t�i�c�i�d�e�s� 

�P�e�s�t�i�c�i�d�e� �u�s�e� �i�s� �w�i�d�e�s�p�r�e�a�d� �i�n� �J�a�m�a�i�c�a�.� �A� �1�9�9�4� �s�t�u�d�y� �c�o�m�m�i�s�s�i�o�n�e�d� �b�y� �t�h�e� 

�J�a�m�a�i�c�a�n� �P�e�s�t�i�c�i�d�e� �C�o�n�t�r�o�l� �A�g�e�n�c�y� �(�P�C�A�)� �f�o�u�n�d� �t�h�a�t� �o�n�l�y� �f�i�v�e� �p�e�r�c�e�n�t� �o�f� �1�0�0�0� 

�f�a�r�m�e�r�s� �s�u�r�v�e�y�e�d� �d�o� �n�o�t� �u�s�e� �p�e�s�t�i�c�i�d�e�s� �(�S�t�o�n�e� �T�e�a�m� �1�9�9�4�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �C�h�u�n�g� 

�(�1�9�9�4�)�,� �a�g�r�i�c�u�l�t�u�r�a�l� �w�o�r�k�e�r�s� �f�i�r�s�t� �i�n�t�r�o�d�u�c�e�d� �s�y�n�t�h�e�t�i�c� �p�e�s�t�i�c�i�d�e�s� �t�o� �J�a�m�a�i�c�a�n� �f�a�r�m�e�r�s� 
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�d�u�r�i�n�g� �t�h�e� �1�9�5�0�s� �a�n�d� �1�9�6�0�s� �i�n� �h�o�p�e�s� �o�f� �i�n�c�r�e�a�s�i�n�g� �c�r�o�p� �y�i�e�l�d�s�.� �P�e�s�t�i�c�i�d�e� �u�s�a�g�e� 

�b�e�c�a�m�e� �m�o�r�e� �w�i�d�e�s�p�r�e�a�d� �i�n� �t�h�e� �l�a�t�e� �1�9�7�0�s� �f�o�l�l�o�w�i�n�g� �a� �g�o�v�e�r�n�m�e�n�t� �s�u�b�s�i�d�i�z�e�d� 

�p�r�o�g�r�a�m� �t�o� �p�r�o�v�i�d�e� �p�e�s�t�i�c�i�d�e�s� �a�n�d� �o�t�h�e�r� �i�n�p�u�t�s� �t�o� �f�a�r�m�e�r�s�.� �A�s� �C�h�u�n�g� �(�1�9�9�4�)� �a�s�s�e�r�t�s�,� 

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

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

�f�a�r�m�e�r�s� �w�e�n�t� �f�r�o�m� �u�s�i�n�g� �m�u�l�t�i�p�l�e� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �s�t�r�a�t�e�g�i�e�s� �b�e�f�o�r�e� �t�h�e� �1�9�5�0�s�,� �t�o� 

�a�l�m�o�s�t� �t�o�t�a�l� �r�e�l�i�a�n�c�e� �o�n� �p�e�s�t�i�c�i�d�e�s� �t�o�d�a�y�.� �A�n� �o�f�f�i�c�i�a�l� �f�r�o�m� �t�h�e� �P�e�s�t�i�c�i�d�e� �C�o�n�t�r�o�l� 

�A�u�t�h�o�r�i�t�y� �(�P�C�A�)� �s�u�p�p�o�r�t�e�d� �t�h�e� �v�i�e�w� �t�h�a�t� �p�e�s�t�i�c�i�d�e� �u�s�e� �h�a�s� �b�e�c�o�m�e� �t�h�e� �"�t�r�a�d�i�t�i�o�n�a�l�"� 

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

�a�r�e� �t�h�e� �o�n�l�y� �w�a�y� �t�o� �c�o�n�t�r�o�l� �c�r�o�p� �p�e�s�t�s� �(�G�a�y�l�e� �1�9�9�6�,� �p�e�r�s�o�n�a�l� �i�n�t�e�r�v�i�e�w�)�.� 

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

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

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

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

�p�o�t�a�t�o�e�s� �(�s�e�e� �T�a�b�l�e� �5�-�2�)�.� �F�a�r�m�e�r�s� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e�y� �d�o� �n�o�t� �a�p�p�l�y� �p�e�s�t�i�c�i�d�e�s� �t�o� �s�w�e�e�t� 

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

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

�c�r�o�p�s� �f�o�r� �h�o�m�e� �c�o�n�s�u�m�p�t�i�o�n� �a�l�s�o� �r�e�p�o�r�t�e�d� �u�s�i�n�g� �p�e�s�t�i�c�i�d�e�s�,� �e�i�t�h�e�r� �t�h�e�m�s�e�l�v�e�s� �o�r� �b�y� 
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�T�a�b�l�e� �5�-�2� �C�r�o�p�s� �G�r�o�w�n� �a�n�d� �P�e�s�t�i�c�i�d�e�s� �U�s�e�d� �i�n� �D�e�n�b�i�g�h� �K�r�a�a�l� 
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� � � � � � � � 

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

�w�i�t�h�i�n� �p�a�s�t� �y�e�a�r� �p�e�s�t�i�c�i�d�e� �o�n� �t�h�e� �c�r�o�p� 

�P�u�m�p�k�i�n� �8� �8� 

�C�a�l�l�a�l�o�o� �3� �3� 

�S�w�e�e�t� �3� �0� 
�P�o�t�a�t�o� 

�T�o�m�a�t�o� �3� �3� 

�P�e�a�n�u�t� �2� �2� 

�C�o�r�n� �2� �2� 

�P�e�p�p�e�r�s� �l� �0� 

�-�O�k�r�a�_�_�  ��3� �3� � � 

�n�=�1�1� 

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

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

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

�O�f� �t�h�e� �1�1� �f�a�r�m�e�r�s� �w�h�o� �a�r�e� �p�r�o�d�u�c�i�n�g� �c�r�o�p�s� �f�o�r� �d�o�m�e�s�t�i�c� �o�r� �e�x�p�o�r�t� �m�a�r�k�e�t�s�,� 

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

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

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

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

�(�e�.�g�.�,� �M�o�m�s�e�n� �1�9�8�6�,� �G�r�o�s�s�m�a�n� �1�9�9�2�b�)�,� �t�h�i�s� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �t�h�e� �c�a�s�e� �i�n� 

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

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

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

�w�o�m�e�n� �w�e�r�e� �m�a�r�r�i�e�d�,� �b�u�t� �t�h�e�i�r� �h�u�s�b�a�n�d�s� �h�a�d� �n�o�n�-�f�a�r�m� �j�o�b�s�,� �a�n�d� �t�h�e� �o�t�h�e�r� �w�o�m�e�n� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�G�r�a�m�o�x�o�n�e�,� �K�o�c�i�d�e�,� �M�a�l�a�t�h�i�o�n�,� �P�a�r�a�q�u�a�t�,� �R�a�d�o�m�i�l�,� �S�e�v�i�n�,� �S�e�l�e�c�r�o�n�,� �a�n�d� �T�y�d�i�n�,� 

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

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

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

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

�s�p�r�a�y�s� �w�e�r�e� �u�s�e�d� �(�s�e�e� �T�a�b�l�e� �5�-�3�)�.� �M�a�n�y� �f�a�r�m�e�r�s� �s�a�i�d� �t�h�e�y� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�e�n�t� 

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

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

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

�c�r�o�p�s�.� 

�T�a�b�l�e� �5�-�3� �A�w�a�r�e�n�e�s�s� �o�f� �P�e�s�t�i�c�i�d�e�s� �U�s�e�d� 

� � 

� � 

� � 

�A�w�a�r�e�n�e�s�s� �o�f� �P�e�s�t�i�c�i�d�e�s� �U�s�e�d� �N�u�m�b�e�r� �(�n�)�o�f� 
�i�n�d�i�v�i�u�d�a�l�s� 

�F�a�r�m�e�r�s� �w�h�o� �r�e�p�o�r�t�e�d� �u�s�i�n�g� �s�p�e�c�i�f�i�c� �4� 
�p�e�s�t�i�c�i�d�e�s� 

�F�a�r�m�e�r�s� �w�h�o� �h�i�r�e�d� �s�o�m�e�o�n�e� �t�o� �s�p�r�a�y� �a�n�d� �3� 
�d�i�d� �n�o�t� �k�n�o�w� �w�h�a�t� �p�e�s�t�i�c�i�d�e� �a�r�e� �u�s�e�d� 
� � 

�F�a�r�m�e�r�s� �w�h�o� �c�o�u�l�d� �n�o�t� �n�a�m�e� �t�h�e� �p�e�s�t�i�c�i�d�e�s� �4� 
�t�h�e�y� �u�s�e�d� � � � � � � � � 

�n�=�1�1� 
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�T�a�b�l�e� �5�-�4� �S�o�u�r�c�e� �o�f� �I�n�i�t�i�a�l� �K�n�o�w�l�e�d�g�e� �A�b�o�u�t� �P�e�s�t�i�c�i�d�e�s� 

�T�a�b�l�e� �5�-�4� �S�o�u�r�c�e� �o�f� �I�n�i�t�i�a�l� �K�n�o�w�l�e�d�g�e� �A�b�o�u�t� �P�e�s�t�i�c�i�d�e�s� 

� � 

� � 

� � 

� � � � � � � � 

�S�o�u�r�c�e� �N�u�m�b�e�r� �(�n�)� �o�f� 
�i�n�d�i�v�i�d�u�a�l�s� 

�G�r�o�w�i�n�g� �u�p� �o�n� �a� �f�a�r�m� �(�p�a�r�e�n�t�/� �e�x�p�e�r�i�e�n�c�e�)� �6� 

�A�d�v�i�c�e� �f�r�o�m� �o�t�h�e�r� �f�a�r�m�e�r�s� �a�n�d�/�o�r� �o�w�n� �3� 
�e�x�p�e�r�i�m�e�n�t�s� 

�F�o�r�m�a�l� �t�r�a�i�n�i�n�g� �(�s�c�h�o�o�l� �o�r� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�)� �2� 
� � 

�n�=�1�]� 

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

�e�x�p�e�r�i�e�n�c�e�s� �w�i�t�h� �p�e�s�t�i�c�i�d�e�s� �v�a�r�y� �a� �g�r�e�a�t� �d�e�a�l� �(�s�e�e� �T�a�b�l�e� �5�-�4�)�.� �F�a�r�m�e�r�s� �i�n� �D�e�n�b�i�g�h� 

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

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

�t�h�e� �C�i�t�r�u�s� �G�r�o�w�e�r ��s� �A�s�s�o�c�i�a�t�i�o�n� �(�a� �n�a�t�i�o�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n�)� �w�h�o� �p�r�o�v�i�d�e�s� �t�e�c�h�n�i�c�a�l� 

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

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

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

�l�i�v�e�s�t�o�c�k� �a�n�d� �o�n� �c�o�f�f�e�e� �(�D�o�n�a�l�d�s�o�n� �1�9�9�6�,� �p�e�r�s�o�n�a�l� �i�n�t�e�r�v�i�e�w�)�.� �A�n� �e�l�d�e�r�l�y� �w�o�m�a�n� 

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

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

�8�7



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

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

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

�p�a�r�e�n�t�s� �i�n� �M�o�c�h�o� �w�h�e�n� �t�h�e�y� �s�p�r�a�y�e�d� �t�h�e�i�r� �c�o�f�f�e�e� �t�r�e�e�s�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�b�e�c�a�u�s�e� �w�o�r�m�s� �e�a�t� �t�h�e� �c�r�o�p�s� �t�h�a�t� �w�a�y�.� �W�a�i�t� �u�n�t�i�l� �d�a�r�k� �n�i�g�h�t� �t�o� �p�l�a�n�t�.�"�'�?� �H�o�w�e�v�e�r�,� 

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

�d�o�n ��t� �s�p�r�a�y�,� �y�o�u� �d�o�n ��t� �g�e�t� �m�u�c�h� �c�r�o�p�.�"� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�w�o�u�l�d� �"�b�u�r�n�"� �t�h�e� �p�l�a�n�t�.� �H�o�w�e�v�e�r�,� �s�h�e� �l�a�t�e�r� �r�e�v�e�a�l�e�d� �t�h�a�t� �s�h�e� �h�a�d� �t�r�e�a�t�e�d� �t�h�e� �p�e�a�n�u�t� 

� � 

�1�3� �T�h�i�s� �p�r�a�c�t�i�c�e�,� �k�n�o�w�n� �a�s� �"�P�l�a�n�t�i�n�g� �b�y� �t�h�e� �m�o�o�n�, �� �i�s� �w�i�d�e�l�y� �u�s�e�d� �i�n� �t�h�e� 
�C�a�r�i�b�b�e�a�n�.� �F�a�r�m�e�r�s� �p�l�a�n�t� �a�t� �c�e�r�t�a�i�n� �t�i�m�e�s� �d�u�r�i�n�g� �t�h�e� �l�u�n�a�r� �c�y�c�l�e� �b�e�c�a�u�s�e� �i�t� �i�s� �t�h�o�u�g�h�t� 
�t�o� �h�e�l�p� �a�s�s�u�r�e� �r�a�i�n�f�a�l�l� �a�t� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �s�t�a�g�e� �i�n� �t�h�e� �p�l�a�n�t� �l�i�f�e� �a�n�d� �t�o� �c�o�n�t�r�o�l� �p�e�s�t�s�.� 
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