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Adoption Analysis and Impact Evaluation of Potato IPM in Ecuador 

Vanessa Del Rocío Carrión Yaguana 

ABSTRACT 

There are several well-known negative side effects associated with pesticide use such as 

health problems and environmental pollution.  Integrated Pest Management (IPM) seeks 

to minimize pesticide use while reducing pest infestation to economically tolerable levels.  

The introduction of IPM CRSP activities in Ecuador to institutionalize IPM methods 

focused on priority crops in the country. This study analyzes adoption and the economic 

impacts of IPM technologies on potato production in the province of Carchi. A model is 

estimated in which IPM adoption is discrete and ordered and pesticides expenditures are 

estimated as a function of education, farming experience, wealth, plot size and farmer 

being sick due to pesticide use for each level of IPM adoption. Results indicate that 

farmers who were exposed to certain IPM information sources increased adoption of IPM 

practices on potatoes, but farmers’ education and experience were not important factors 

in explaining IPM adoption. The calculated economic benefits in terms of aggregate cost 

savings per production cycle were $823,000.  
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CHAPTER 1: INTRODUCTION 

 

1.1 Introduction 

Pesticide use has increased over time and has helped the world to meet the growing demand 

for food.  However, there are several well-known negative side effects associated with 

pesticide use.  Pesticide exposure can cause many different health effects, from acute 

problems such as dermatitis and asthma to chronic problems such as obstructive pulmonary 

disease and cancer (Sanborn, Cole, Abelsohn, & Weir, 2002).  Pesticide use is also 

associated with environmental problems such as water and soil contamination, buildup of 

resistance in pest populations, and destruction of beneficial insect groups. Over time, pests 

become resistant to pesticides, leading to their reduced effectiveness and attempts by 

farmers to manage pest by applying them at heavier dosages (Barrera, Escudero, Norton, & 

Alwang, 2004).  

            In order to avoid the harmful effects of pesticides and manage pest problems, more 

efficient alternative pest management methods have been sought. Although basic tactics of 

integrated pest management (IPM) have been used to defend crop plants against the 

damages of pests since the late nineteenth century, it was not until the early 1970s that IPM 

began to be widely accepted by the scientific community (Kogan, 1998).  The Food and 

Agriculture Organization of the United Nations (FAO) defines IPM as “an ecosystem 

approach to crop production and protection that combines different management strategies 

and practices to grow healthy crops and minimize the use of pesticides.”  IPM can be 

thought of as a systematic approach to solving pest problems by coordinating biological, 

cultural, and chemical pest control techniques.  It seeks to reduce pest infestation to 
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economically tolerable levels while minimizing pesticide use.  These programs take into 

account the interests of producers (to improve their economic well-being), and to reduce 

environmental and health risks (Maupin & Norton, 2010).  

Agriculture is an important segment in Ecuador’s economy. Around the 29% of the 

total labor force is employed for this sector.  Ecuador’s agricultural sector is growing and 

with it concerns about the sustainable use of land resources and the potential health and 

environmental impacts of conventional agricultural practices.  Farmers in Ecuador use large 

quantities of pesticides and chemical fertilizers.  One crop with relatively high input 

requirements is potato.  It is an important staple in the average diet.  In 2010, Ecuadorian 

farmers produced 1,160,391 metric tons of potatoes, the majority of which are marketed 

within the country.  Average yields are 8 m.t. per hectare but vary widely depending on the 

region, reaching up to 26 m.t. per hectare in the north (INEC, 2010).  

 

1.1.1   Ecuador’s social, economic, and agricultural indicators 

Ecuador is located on the northwestern coast of South America, between Peru to the south 

and east and Colombia to the north. The well-known Galapagos Islands belong to Ecuador, 

and are located approximately 1,000 kilometers off the coast. Ecuador covers 256,370 

square kilometers of land and is the smallest country in South America after Uruguay and 

the Guianas.  Ecuador’s population exceeded 14 million in the 2010 with an annual growth 

rate of 1.4%. The 33% of the population lives in rural areas.   

            According to the World Bank (2010), Ecuador’s GDP reached nearly USD 59 

billion in the 2010, with an annual growth rate of 3.6% and income per-capita of USD 

4,290.  GDP per sector in 2010 was divided as follows: oil and mining 14.2%, commercial 

trade 11.4%, construction 10.6%; manufacturing 9.2%, transportation/warehousing 6.6%; 



3 
 

and agriculture, including seafood, 7% (U.S. Department of State, 2010).  Ecuador's 

economy relies heavily on petroleum production and exports, along with agricultural 

commodities and seafood exports.  Oil exports are 55% of the total amount.  Ecuador is the 

world's largest exporter of bananas and plantains (about $2 billion); and a major exporter of 

shrimp ($828 million) and cacao ($402 million). Exports of nontraditional products such as 

flowers ($598 million), canned fish ($601 million), and automobiles ($375 million) have 

become more important in recent years (BCE, 2010).   

            Ecuador’s major markets are the United States (35%), Latin America excluding 

Andean Community (24%), Andean Community (18%), European Union (13%), and Asia 

(6%).  During 2010, Ecuador imported USD 18.9 billion. The principal products entering 

the country were industrial materials, fuels and lubricants, nondurable consumer goods, and 

industrial capital goods.  Ecuador’s major suppliers are Latin America (more than 40%), the 

United States (26%), Asia (21%), and EU (9%) (MCPE, 2010). 

            In Ecuador, 29% of the economically active population works in the agricultural 

sector.  Although its main economic activity has long been agriculture, only 10.29 % of the 

land is arable or under permanent crops (The World Bank, 2010).  Agricultural production 

had an average annual growth of 4.2% during 2000–2009 (BCE, 2010), but it has potential 

for further development and growth. Crops for domestic consumption (particularly rice, 

barley, maize, African palm, and potatoes), continue to show growth due to increased 

planted area and improved yields. Other segments likely to experience growth are 

nontraditional agricultural products such as flowers, fresh fruit and vegetables, and 

processed foods (MCPE, 2010) 
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1.1.2   Potato production in Ecuador 

There are three distinct geographical regions in Ecuador: the coast, the sierra, and the 

Amazon.  Potato production occurs mainly in the sierra, a mountainous region divided into 

three sub-regions: the north, central, and south.  According to the Ministry of Agriculture 

Livestock Aquaculture and Fisheries (MAGAP, which stands for Ministerio de Agricultura, 

Ganaderia, Acuacultura y Pesca in Spanish), by 2010 there were 47,877 hectares planted 

with potato.  The majority of them were located in the Provinces of Chimborazo, Cotopaxi, 

Carchi, Pichincha, and Tungurahua; which accounted for 80% of the land dedicated to 

potato production and 94% of the production volume.  

 

        Figure 1.1: Average yields in potato production in Ecuador 

 
        Source: MAGAP 2010 

             

The province of Carchi in northern Ecuador is the most productive potato-growing 

areas in the country.  The factor that determines its leading role is that farms in this area 

tend to be larger and yield more potatoes per hectare than in any other region in Ecuador.  

Average yields in Ecuador are around 8 tons per hectare. In contrast, Carchi farmers’ 
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average production is 26 tons per hectare.  One of the main causes of the high production is 

the climate in Carchi which is ideal for potato production during most of the year.  

Basically, changes in season are defined by precipitation which varies by location and 

altitude. Potatoes are grown at altitudes between 2700 and 3800 meters and rainfall is very 

important for achieving high yields, since most farmers lack irrigation infrastructure. 

Thanks to humidity, it is possible to grow potatoes any time of the year. A diverse selection 

of old potato varieties are grown in this area.  Only a few of them are grown for commercial 

purpose. Yields for original varieties were low, but modern hybrids have made possible a 

considerable increase in yield. Varieties for commercial production are chosen according to 

their shorter crop cycles, higher yields, and resistance to pests and diseases (Mauceri, 

Alwang, Norton, & Barrera, 2007).  

            Potato farmers in Carchi face several insects and diseases. Three main pests impact 

potato production in Ecuador. They are late blight, the Andean potato weevil, and the 

Central American tuber moth.  Late blight is a fungal disease.  The magnitude of the yield 

losses it causes depends on the virulence of the fungal strain, and whether farmers use 

fungicides on time. Andean potato weevil is a serious insect pest, which in the larval stage 

consumes potato tubers. It can cause significant damage without proper management. 

Central American tuber moth is not yet a big problem for farmers in Ecuador, but it can 

cause damage to pre-harvest tubers as well as stored potatoes. It is clearly understandable 

that pesticides have played an extremely important role in sustained potato production in 

Carchi, particularly against late blight and Andean weevil.  Sadly, farmers have reached a 

point where they consider pesticides essential to their economic survival, which is not 

necessarily true.  
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1.1.3   IPM and Farmers’ Field Schools (FFS) 

Integrated pest management provides principles, strategies, and tactics of plant pest 

management that are important to prevent yield losses. It also helps lower production costs, 

reduce exposure to pesticides, and improve long-term sustainability of the agricultural 

system.  The National Autonomous Institute of Agricultural and Livestock Research in 

Ecuador (INIAP, which stands for Instituto Nacional Autonomo de Investigaciones 

Agropecuarias in Spanish), partly financed by the IPM Collaborative Research Support 

Program (IPM CRSP), had developed viable technological alternatives based on IPM to 

manage potato pests.  

            From 1998 to 2005, an interdisciplinary and inter-institutional team of scientists 

developed IPM tactics and then promoted them through the farmer field school (FFS) 

approach. Weekly training sessions with farmers during the crop cycle sought to develop 

the knowledge, and build and strengthen farmers’ decision-making capacity about crop 

management through new information and enhanced agro-ecosystem analysis.  They 

experimented with the use of technologies such as adult weevil traps, late blight-resistant 

potatoes, specific and low-toxicity pesticides, and pre-spray monitoring. Consequently, 

farmers identified ways to reduce the use of highly toxic pesticides, substantially reduce the 

use of agrochemicals in general, and lower production costs without affecting yields.  

 

1.2 Problem Statement 

Potato is a traditional crop in the Sierra region of Ecuador and also a very important staple 

in the Ecuadorian diet.  Carchi is currently the most important potato production area of the 

country.  It has specialized farmers who cultivate 43% of the production using only 13% of 

the total national area dedicated to this crop (MAGAP, 2010).    In order to avoid the 
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devastating effects of pests, farmers spray pesticides frequently, often above the 

recommended amounts.  

            In 1997, Ecuador became a host country for IPM CRSP, funded by the United States 

Agency for International Development (USAID). The IPM CRSP focuses on IPM 

technologies for agriculture in developing countries. The particular goals of the program 

include the development of technologies to reduce crop losses, increase farmer income, 

reduce pesticide use, reduce residues on exports, improve IPM research and education, 

improve the ability to monitor pests, and to involve more women in pest management 

decision making.  

            After performing a base line study (1998) to prioritize pest problems, researchers 

tested several IPM practices in farmers’ fields and then began introducing IPM practices to 

the potato farmers in Carchi, in part through Farmer Field Schools.  In 2003-2004, a study 

of adoption of IPM technologies was completed.  Now, 14 years after the research program 

first began, it is time to quantify its long term impact. This study seeks to evaluate the 

economic impact of potato IPM, focusing in pesticides expenditures.  Additionally, it seeks 

to determine how adoption of IPM practices has changed after 7 years of little IPM outreach 

in the area. It seeks to identify the factors affecting farmer decisions to adopt, disadopt, or 

continue to use IPM technologies; and, how these decisions are related to farmer attributes 

(i.e. age, education, labor access, wealth) and the way farmers learn about IPM (information 

diffusion methods).  Finally, results will be used to provide insights into how and to what 

extent these programs affect the welfare of the involved communities. Results can be used 

to justify the cost of IPM programming and to market it to potential donors and farmers. 
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1.3 Objectives 

There are two global objectives for this study: 

1. To assess how adoption of IPM practices in Carchi Province, Ecuador has changed after 

7 years with little IPM outreach in the area.  Sub-objectives are: 

a. To identify factors that affect adoption of IPM practices.  

b. To estimate the relative contribution of each factor in affecting adoption, thereby 

establishing the factors that have the greatest impact on technology adoption. 

c. To determine why adoption has changed over time. 

2. To evaluate the economic impact of potato IPM adoption in Carchi, Ecuador by 

determining whether the implementation of IPM technologies has reduced pesticide 

expenditures.  

 

1.4 Hypotheses 

1. The adoption of IPM practices increases if farmers have IPM training, the level of 

education increases, and wealth increases. The adoption of IPM practices decreases as 

farmers’ experience increases, if farmer has been sick for pesticide use and the land size 

dedicated to potato production increases.   

2. Adoption of IPM practices result in a decrease of pesticide expenditures.  

 

1.5 Thesis Layout 

This thesis is organized into five main chapters. Chapter 1 has presented an introduction to 

the problem.  Chapter 2 presents an overview of the agricultural research and technological 

change. It describes the study site, the problems of pesticide use, and the most significant 
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potato pests in Ecuador. Chapter 3 discusses theories behind the adoption of agricultural 

technologies, potential determinants and constraints of adoption and specific methods used 

to measure adoption. The chapter also presents methods for quantitative measurement of 

economic impact assessment of IPM and a discussion of how the data were collected in 

Carchi, Ecuador to apply the methods.  Chapter 4 comprises the empirical results of the 

study. This chapter contains qualitative and quantitative observations. Chapter 5 presents 

conclusions and implications for future research. Copies of the surveys in Spanish, as well 

as relevant maps and output from the statistical model, appear in the appendices. 
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CHAPTER 2: BACKGROUND 

 

2.1 Agricultural research and technological change 

Research-induced technological change is an important source of production growth in any 

economy. There is a lot of evidence demonstrating that nations and the world as a whole 

have benefited enormously from productivity growth in agriculture, especially due to 

technological change resulting from public and private investments in agricultural research 

and development (R&D) (Alston, 2010). The evidence suggests that agricultural research 

has been socially beneficial, and its paybacks have been worth several times more than the 

costs.  According to the Global Harvest Initiative (2011), additional funding for agricultural 

research could lead to larger global benefits compared to other research areas. 

Technological change driven by agricultural research has a strong potential to 

benefit the poor in several ways.  It can benefit poor farmers directly by improving 

production yields of crops that are high in nutrients. Furthermore, technological change can 

help agricultural laborers by increasing the demand for farm workers and their wages. It can 

benefit consumers as a result of lower food prices. Technological change can also increase 

the poor’s access to decision making processes and increasing their capacity for collective 

action (Hazell & Haddad, 2001). 

In Latin America, the importance of research for agricultural development has been 

increasingly realized. In the last two decades, several research centers have been established 

in attempts to expand the capacity of many national research programs. The national centers 

receive, test, adapt, and disseminate technologies developed in collaboration with the 

international centers, and have substantially improved agricultural research (Iglesias, 1992).  

Even though a lot of work has been done in the region, it is generally agreed that 
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agricultural intensification is still needed to improve the trade balance of the region, 

alleviate rural poverty, and reduce degradation of natural resources. Such intensification 

should be based on better use of available technology, as well as new scientific and 

technological developments (Trigo, 1997). 

Since the 1990s, several organizations have been working with communities in 

Carchi - Ecuador in a variety of projects to assess the role and effects of pesticide use in 

potato production, and reduce its adverse impacts. These organizations are: INIAP, CIP 

(International Potato Center), Montana State University (USA), McMaster University, 

University of Toronto (Canada), Wageningen University (the Netherlands), Virginia 

Polytechnic Institute and State University (USA), and the FAO’s Global IPM Facility. 

These projects have provided quantitative assessment studies of community-wide pesticide 

use and its negative effects.  Through system modeling and implementation of different 

alternatives, those studies show the effectiveness of different methods to reduce pesticide 

dependency, therefore improving ecosystem health (Sherwood, Cole, Crissman, & Paredes, 

2005).  Other research has assessed the effectiveness of current methods of information 

dissemination; finding that it is necessary to test and refine these methods in order to 

improve the potential for IPM adoption (Mauceri et al., 2007). 

 

2.2 Pesticide use in Ecuador 

Potato has been an important crop in the Ecuadorian highlands and particularly in the 

province of Carchi over thousands of years.  In recent times, population pressures have led 

to agricultural intensification, which is related to rapid changes toward high-input usage. 

Although farmers have reached high yields through the application of pesticides and 
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fertilizers, pesticides are affecting the ecosystem health and farmers are being exposed to 

new toxic substances. Potato intensification has also contributed to reduced potato 

biodiversity (the Ecuadorian Andes have been classified as a geographical region of genetic 

diversity of potato) and soil erosion.  As a result of pesticide overuse, farmers are 

confronted with increasing health problems, and the environment has been affected as well. 

In Carchi, pesticides are the key element of potato agricultural modernization and 

are considered vital to maintain production and high yields. It has been shown that in 

Carchi, current methods of potato cultivation exhibit the heaviest pesticide use in the Andes 

and in the country (D. Cole, Carpio, & León, 2000).  Farmers deal with many different 

potato plagues, especially late blight (Phytophthora infestans), Andean potato weevil 

(Premnotrypes vorax), and the Central American tuber moth (Tecia solanivora); which are 

battled by means of several pesticide mixtures, called ‘cocktails’, to reduce the need for 

multiple spraying (Sherwood et al., 2005).  The base line study conducted by the IPM CRSP 

and INIAP in 1998 showed that among farmers, the popular contact fungicide, Dithane 

(dithiocarbamates), was the most commonly used. Contact fungicides are usually mixed 

with systemic ones, which are much more powerful and are used in much lower doses. On 

the other hand, the most common insecticide was Carbofuran (Furadan), which is restricted 

for use in North America. On average, farmers sprayed these fungicides and insecticides 

seven times per crop cycle, with 15 being the maximum number of sprays and 1 the 

minimum (Barrera et al., 2004). 

Most insecticides and fungicides are liquids or water-soluble powder.  They are 

applied with backpack sprayers and fumigators in poor conditions.  Other than rubber boots, 

farmers seldom use any protective clothing or equipment against pesticide exposure. The 
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most exposed parts of the body being the back and hands, the consequences for farmers 

from Carchi are acute pesticide poisoning at rates that are among the highest recorded 

globally and longer term neurotoxic effects among the majority of smallholder farm adult 

populations.  This can be seen by the drop from a mean score of 6.9/10 (10 is excellent 

performance) to 4.4/10 in neurobehavioral function among farmers in the area over the 

decade of the 90’s (D. C. Cole et al., 2011).  

 

2.3 Description of the pests 

The principal pests causing yield loss in Carchi are late blight, Andean potato weevil, and 

the Central American tuber moth.  

 

2.3.1  Late blight (Phytophthora infestans) 

Phytophthora infestans, commonly known as late blight, is the disease that caused the Irish 

Potato Famine in the 1840s. Nowadays, it is considered the most damaging fungal disease 

that attacks potatoes worldwide. It is impossible for farmers to avoid exposure to this 

disease because late blight is present in virtually all soils because the spores are carried by 

the wind between fields. In Ecuador, it has been conservatively estimated that yield losses 

are of 4 tons of potatoes per hectare for each 20% increase of severity of late blight (Ortiz et 

al., 1997). Consequently, farmers face important losses of income when their fields are 

attacked. 

In order to mitigate the effect of late blight, farmers in Carchi use basically two 

types of controls.  First, they spray potent fungicides multiple times. Second, they use potato 

varieties resistant to this disease.  Nevertheless, moisture and cool temperatures, as in 

Carchi, provide the ideal atmosphere for rapid multiplication of late blight spores. It attacks 
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and destroys the foliage of the plant. Since late blight is particularly difficult to control once 

the disease has become established, control is based on prevention. In order to provide a 

physical barrier to spores, protectant or contact fungicides are used along with adherent 

agents. This combination stays effective for around a week unless the rain washes the 

pesticide off the plants. Hence, the need for spraying varies depending mainly on weather 

conditions (Barrera et al., 2004).  

In Carchi, the most frequently used fungicide is Dithane (Mancozeb). Although 

Dithane is considered a low toxicity level fungicide, if it is sprayed in high quantities it 

could be of concern. Because of the extent of damage that late blight can cause, not 

spraying is too risky for farmers. Therefore, pesticide demand for controlling this pest is 

high, although many pesticides are relatively expensive. As an alternative to lowering costs 

of late blight control, the IPM CRSP project in Ecuador made several recommendations to 

farmers concerning the control of potato pests, and has developed several strategies for late 

blight management. The first and most effective strategy was the use of INIAP-Fripapa99 (a 

variety of potato developed by INIAP with the support of FORTIPAPA).  It has vertical 

resistance and high yields. This resistance works by incorporating several types of minor 

resistance genes.  In addition, INIAP and the IPM CRSP recommended several IPM 

techniques to accompany the use of resistant varieties: (2) improved field sanitation, (3) 

implementation of crop rotations, (4) monitoring to determine need for spray applications, 

and (5) alternation of different types of fungicides to prevent resistance buildup. Farmers 

who followed these recommendations were able to spray about half as much fungicide 

without compromising yields. These strategies limit the number of fungicide applications 
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and benefit farmers by simultaneously lowering input costs and reducing exposure to 

harmful toxins.  

 

2.3.2  The Andean Weevil (Premnotrypes vorax) 

Andean potato weevils are serious pests of potato at high altitude (above 2,800 m) in the 

Andean region, where the climate is cool and there is sufficient moisture. Wild and 

cultivated potato species are their only hosts. The weevil larvae feed on the tuber causing a 

huge damage due to tunneling. When no control measures are used, more than 50% of 

tubers are commonly infested at harvest. In severely infested fields in Ecuador and Peru, 

around 80 percent of the crop may be destroyed. Commercial production is subjected to the 

use of highly toxic insecticides applied to the foliage or incorporated into the soil.  Even 

then, 15-30% of harvested tubers could be infested (International Potato Center (CIP), 

1999). Farmers in Carchi implemented three types of control for this pest: chemical control, 

crop rotation, and planting of uninfested seed. 

Carbofuran is the pesticide most used by farmers in Carchi because it is the most 

effective when used to target adult weevil population. Carbofuran is restricted for use in the 

U.S. because of its high toxicity. The presence of many small or damaged tubers that were 

not removed from the soil after harvest allows weevil populations to continue to increase 

during the next potato crop cycle. Because of this characteristic, the damage increases with 

each consecutive cycle, although farmers spray pesticides more often. Hence, crop rotation 

is necessary to keep Andean Weevil populations from increasing year to year. Crop rotation 

consists of alternating potato crops with non-host crops such as pasture. Most farmers in 

Carchi never grow potatoes on the same land for more than two consecutive cycles (Barrera 

et al., 2004). Using undamaged seed in planting the next crop helps to some extent; 
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however, it is a more effective practice to reduce the presence of other pests and diseases in 

the tubers. 

The IPM CRSP recommends the use of traps to monitor and target adult 

populations. Traps are constructed using foliage from potato plants baited with the pesticide 

acephate at a relatively low toxicity level. At night, adult weevils entering the field to eat 

the leaves die in the trap causing a break of the weevils’ cycle of life at the most suitable 

moment. If populations reach a specific threshold, farmers are advised to spray at the base 

of plants since adult weevils tend to remain at soil level. This IPM CRSP recommendation 

is simple to implement and leads to less costly, but more effective control of the pest. At 

harvest, the IPM CRSP recommends that all tubers should be completely removed from the 

field. Farmers are advised to wait 30 days before replanting. The conventional practices: 

crop rotation and use of clean seed are both recommended for effective pest management. 

This combination of practices has been proven to reduce the number and intensity of spray 

applications. 

 

2.3.3  Tuber moth (Tecia solanivora) 

Tecia Solanivora, the Central American tuber moth, is considered to be the most harmful 

pest to potato crops in Central America.  Tecia Solanivora attacks potatoes both in the field 

and in storage. The life cycle varies somewhat depending on the species.  In general, adults 

are nocturnal and fly short distances. In the field, they lay eggs on the ground or on 

uncovered tubers, but few eggs are laid on leaves and stems. Emerging larvae enter tubers 

and feed on them. They build galleries which may completely destroy the tuber. After 

completing their development (four instars), larvae leave the tubers, by a circular exit hole 
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2–3 mm, to pupate. In storage, eggs are laid on tubers. The pupal stage may take place on 

the ground, on the walls of storerooms, in bags or, occasionally, within the tuber. 

The first official report of the Guatemalan tuber moth in Ecuador was in 1996. 

However, information given by farmers in Carchi, who sampled the plague using 

pheromone brought from Colombia in 1994, revealed that the pest was present in Ecuador 

much before the official announcements (Pollet, Onore, Chamorro, & Barragán, 2004).The 

tuber moth is not yet a big problem for potato farmers in Ecuador. However, the pest has a 

particular affinity for those weather conditions found in Carchi and significant damages 

have been witnessed in other regions. Current methods of control use highly toxic 

insecticides, such as Carbofuran and Carbosulfan which target the insect either in storage, or 

while in the ground. 

There are two principal IPM techniques recommended to farmers from the IPM 

CRSP.  First, pheromone traps are used to monitor and track adult populations. Second, 

when pest populations reach a specified threshold, farmers are advised to spray Lufeneron, a 

nontoxic insecticide to vertebrates. Lufeneron has been found to be more effective than 

Baculovirus in reducing damage from the moth’s larvae during storage. Other 

recommendations include: (1) earlier planting and harvesting to avoid the dry season (tuber 

moths prefer dry weather to slip between cracks in the soil), (2) hilling up of soil around 

plants, (3) crop rotations, (4) disinfecting seed with low-toxicity pesticides such as Carbaryl 

and Malathion, (5) open air storage platforms. 
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2.4 Measuring Adoption 

Agricultural economists have employed several approaches for measuring adoption. 

Calculating the rate of adoption requires measuring the percentage of members of a system 

who adopt a technology in a certain period of time. The extent of adoption is measured by 

the number of technologies being adopted and in some cases separating them by 

complexity. Hence, measuring adoption of IPM is not simple; it implies more than 

determining whether or not growers are using a specific practice or technology. It requires 

consideration of other idiosyncratic factors such us how the technology is being used and 

the suitability of that use under actual pest conditions. Defining methods and compiling the 

data can also be challenging. 

 

2.5 Determinants of Adoption 

An extensive body of literature describes and analyzes the determinants of agricultural 

technology adoption. Several categories of variables have been found to affect it. These 

include farmer characteristics, economic factors, institutional factors, technology 

characteristics, and farmer perceptions, each with their own set of particular variables. 

 

2.5.1  Economic Factors 

Economic factors often considered in adoption models include: farm size, wealth, cost of 

technology, level of expected benefits, in-farm and off-farm work. Wealth is a potential 

determinant of adoption in many adoption studies. Methods of measuring wealth vary 

depending on the survey sample. Farm size has been shown to affect adoption costs, risk 

perceptions, human capital, credit constraints, labor requirements, tenure arrangements, and 

more. Whether the cost of technology influences adoption positively or negatively depends 
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on the capital intensity of the technology. In general, technologies that are capital-intensive 

are only affordable for wealthier farmers. It is generally agreed that programs or practices 

that produce significant economic gains can motivate people to participate fully in them. 

 

 

2.5.2  Farmer Characteristics 

Variables being considered within this category are: age of adopter, education, gender and 

household size. Age has been shown to be negatively correlated with adoption. Education 

refers to years of formal schooling or whether farmer has secondary education; a positive 

impact of this variable on adoption is usually expected.  Gender issues in technology 

adoption have been investigated with a variety of results. The role of women versus men in 

decisions to adopt has varied depending on the particular agriculture situation, geographical 

location, religion, etc.  It is believed that large households, containing members able to 

contribute to on-farm activities, enable farmers to adopt labor-intensive technologies (Feder 

& Umali, 1993). 

 

2.5.3  Institutional factors 

Institutional factors affecting adoption include information accessibility and availability of 

extension contacts.  Access to accurate, reliable, and consistent information affects 

positively farmers’ perceptions of risk linked with a new technology’s performance. The 

mechanism of dissemination is as important as the technology itself.  Hence, having good 

extension programs and contacts with producers are key for technology adoption. 
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2.5.4  Technology characteristics  

Technology characteristics refer to complexity, risk, and investment in the technology.  The 

first two in most cases affect adoption negatively.  High cost might or might not be an 

adoption constraint.  It would depend on the reward that farmers obtain from the new 

technology or practice. 

 

2.5.5  Farmer perceptions 

Farmer perception of the technology reflects whether or not farmers see the technology as 

appealing and appropriated for solving their problems.  This factor might significantly 

influence adoption. 

 

2.6 Impact Assessment 

Integrated pest management has meant an important improvement in the management of 

insect pests and diseases of crops. Despite its techno-economic superiority over 

conventional chemical control, full adoption of IPM in potato production in Carchi has been 

low (Mauceri et al., 2007). There are a number of technological, social, economic, 

institutional, and policy factors restricting the adoption of IPM. Therefore, evaluating those 

factors is important and necessary.  

IPM technologies have multiple dimensions of impact.  Depending on the focus of 

the evaluators, some impacts are of interest while others are not. For instance, our study of 

the IPM in potato production in Carchi is not aiming to assess the impact on consumers 

because the outreach of the project was considered to be far too small for it to have much 

influence on potato prices at either national or local levels.  However, we do expect it to 

have economic impacts for the participating farmers.  
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CHAPTER 3: METHODS 

 

This chapter contains a description of: the study area, the methods used in the collection of data, 

and the sampling frame. A review of techniques used to analyze these data, including their 

limitations is presented, and the conceptual models used for data analysis are developed. 

 

3.1 The Study Area 

The province of Carchi is located in the Northern part of Ecuador bordered by Colombia to 

the North, and the provinces of Sucumbíos to the East, Esmeraldas to the West, and 

Imbabura to the South and West (Appendix A).  It is crossed by three tall mountain chains 

from north to south joined by lower knots that form Inter-Andean valleys. Hence, 

topographically Carchi lies on different altitudinal levels from 1,200 in the valley zones to 

4,768 meters above sea level in the top of the Chiles volcano. It has an estimated land area 

of 3.604,33 sq. km. Administratively; Carchi is divided into six municipalities: 9 urban and 

26 rural parishes. The capital of the province is Tulcan. The administrative division is 

detailed in Table 3.1. 

Due to the above mentioned geographical characteristics, the temperature in the 

province varies from 32° to 57° F but in the highlands the climate is colder. As with many 

other regions in Ecuador, agriculture is the predominant economic activity.  Potato is one of 

the most important crops.  It is cultivated mainly in Tulcan and Montufar. Carchi has always 

been potentially favorable for potato cultivation, given its rich soils and regular 

precipitation. Potato farmers have taken advantage of the favorable climate and soils, and 

combined fertilizers and agro-chemicals with their knowledge of crop management to 

produce potato yields well above the national average. Other important crops are corn, 



22 
 

wheat, peas, sugar cane, beans, mellocos, avocado, peppers, and fruits like papaya and 

pineapple. National and foreign experts have established that the plateaus of Carchi are 

optimal areas for livestock, both dairy and beef cattle. Tulcan is the municipality with the 

greatest area devoted to pastures.  Since the biggest farms are using dairy shed technology, 

the average amount of milk per day in Carchi is higher than the national average.  

              Table 3.1: Administrative division of Carchi 

Municipality Urban Parishes Rural Parishes 

Tulcán 
Tulcán 

González Suárez 

El Carmelo  

Julio Andrade  

Maldonado  

Chical  

Pioter  

Santa Martha de Cuba  

Tufiño  

Urbina  

Tobar Donoso 

San Pedro de Huaca Huaca Mariscal Sucre 

Montúfar 

San Gabriel  

San José  

 

Cristóbal Colón  

Fernández Salvador  

Chitán de Navarrete  

La Paz  

Piartal 

BOLÍVAR Bolívar 

García Moreno  

Los Andes  

Monteolivo  

San Rafael  

San Vicente de Pusir 

ESPEJO 
El Angel 

27 de Septiembre 

La Libertad  

San Isidro  

El Goaltal 

MIRA Mira 

Jijón y Caamaño  

Juan Montalvo  

La Concepción 

 

Carchi has approximately 130,000 hectares for agricultural and livestock use (36% 

of the total land).  Around 90,000 hectares are devoted to the cultivation of grass for dairy 

cattle and around 21,000 hectares devoted to short cycle crops. Carchi’s population reached 
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164,524 (82,495 urban sector and 82,029 rural sector) inhabitants in 2010, which represent 

the 1.1% of Ecuador’s total population. It has a gender ratio of 97 males: 100 females. 

According to information provided by the Carchi’s autonomous and decentralized 

government, during the last 40 years the provincial population has almost doubled, the 

urban population has almost tripled and the rural population has increased by 50%. The 

process of urbanization has been growing: 41% of the population resides now in the towns 

and cities, a big increase if one compares it to the 27% of the population that lived in the 

urban areas by 1950. 

The agricultural sector in Carchi employs the largest proportion of the workforce 

(47%), followed by the services and industrial sectors that employ 32% and 12% of the 

labor force, respectively. The unemployment rate in 2010 was 9%.  The agricultural, 

commercial and transportation sectors are the key income generators. Trade relies mainly on 

border trade with Colombia's district of Nariño. A wide range of goods are the subject of 

border trading. Ecuador exports mainly agricultural goods and into a lesser extent some 

manufactured products. 

The province of Carchi was selected as the most suitable case study site for a 

number of reasons. It is one of the most productive potato-growing areas in the country.  

Considering the importance of potato in this province, identifying the factors that induce 

IPM adoption on potato can be important in explaining factors affecting adoption for other 

important potato growing areas such as Chimborazo and Cotopaxi.  Finally, Carchi was one 

of the IPM CRSP’s primary research sites in Ecuador. The study area covers three of the six 

municipalities of the province (Tulcán, Montúfar and Espejo). These municipalities are 

selected because the majority of IPM CRSP work in the province has been done there.  



24 
 

3.2   Data Sources, Collection and Transformation  

Pre-testing of the questionnaire was conducted in January of 2012 by interviewing farmers 

randomly. Adjustments were made to the survey following the pre-testing. A few questions 

were dropped and others added to ensure the correct format for data collection, and that the 

final survey questions were appropriate and easily understandable by farmers.  Surveys 

were conducted by 4 INIAP technicians from the San Gabriel Agricultural Station.  

Data collection took place in June 2012. Four hundred and four farmers were 

interviewed from three potato-producing municipalities within Carchi province (Montúfar, 

Tulcán, and Espejo).  Two hundred twenty six (226) farmers had some kind of formal 

training on IPM; 74 attended to FFSs, 67 took part in field days, 26 participated in 

observation visit(s) and 59 were visited by extension agents. One hundred seventy eight 

(178) farmers didn’t have any formal training on IPM; 28 of them never heard about IPM 

before and 150 had heard/learn about IPM from other sources such as other farmers (friends 

or relatives), TV, radio, pamphlets, etc.  Farmers were visited either in their homes or in 

their potato fields.  

The questionnaire comprises 9 modules. Module 1 collected information on the 

respondent’s socio-economic information. Module 2 contained general questions related to 

potato production such as cultivated area and varieties grown.  Module 3 requested 

information on the farmer’s pesticide use and handing.  Module 4 requested production cost 

information. Module 5 included questions about IPM knowledge and adopted IPM 

practices. Module 6 asked questions about IPM component acceptation.  Module 7 is a 

section that solicited specific information on IPM training and the farmer’s knowledge 

about the three most significant potato pests.  Module 8 had complementary IPM and 
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pesticide use questions. Finally, module 9 (added after pre-testing) asked questions about 

how production activities have changed over time.  

The final coded questionnaire is contained in Appendix C. Data from the coded 

questionnaire were transferred to excel spreadsheets. After the cleaning process, data in 

excel was converted to Stata dataset (.dta) format to make it suitable for Stata.  Every 

module was processed individually through do files. Lastly, all the modules were merged to 

a master module to start regression analysis.  

 

3.3   Measuring IPM adoption 

Adoption models are generally based on the underlying theory of utility maximization. The 

value of expected net benefits to farmers is dependent on optimizing productivity and 

minimizing costs to achieve the greatest profits, and minimizing risk.  Other benefits are 

included here in addition to profitability in order to allow for the possibility that farmers 

base decisions on more than monetary expectations, such as health, and environmental 

concerns. 

In the present study, farmers’ decisions to adopt or not adopt are the dependent 

variable.  It is represented by the IPM category value, built from the four different levels of 

adoption that a farmer can reach in our study: 1=no usage/minimal adoption, 2=low 

adoption, 3=moderate adoption, 4=high adoption.  No usage/ minimal adoption category 

includes farmers in the lowest quartile of adoption.  It includes those farmers who did not 

adopt any of the IPM practices or adopted just a few of them. Low adoption includes 

farmers in the second lowest quartile. Moderate adoption comprises farmers in the third 

quartile. Finally, the high adoption category refers to farmers with the highest level of 

adoption of IPM recommended practices.  
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The study attempts to understand the underlying influences that most affect farmers’ 

decision-making processes. Hence, the potential variables used to explain adoption of the 

various IPM practices are included in three broad categories: farmer characteristics, 

economic factors, and institutional factors (described in Chapter 2). Except for a series of 

core variables that are common to all models, the complete set of potential variables in a 

model varies depending on the IPM technology being investigated. The rationale for 

including each variable in our model is explained below. 

 

3.3.1 Characteristics of Farmers and Farmer Households 

Farmer has secondary education (FEDUC_D)  

Education is often considered as a factor in technology adoption studies. It is expected that 

farmers’ exposure to education will increase their ability to obtain, process, utilize and 

communicate information relevant to the adoption of IPM technologies. Education is 

thought to be positively associated with the adoption of complex technologies. Highly 

educated farmers are more likely to be aware of IPM methods and associated benefits. Thus, 

in this study, we expect education to be positively correlated with adoption. 

Years of farming experience (FEXP) 

It is alleged that as farmer’s experience increases, risk aversion also increases and adopting 

a new technology seems less likely.  Experienced farmers might not experiment with new 

methods that may seem risky or complicated. On the other hand, farming experience could 

increases the likelihood of understanding the benefits of IPM, hence, its adoption  Since, the 

effect of experience on adoption of IPM technologies has been mixed; its influence is 

unclear. 
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3.3.2 Economic Factors 

Plot size (PLOTSZ)  

This variable refers to the size of the biggest plot dedicated to potato production.  Hence, it 

is a per capita measure of the amount of land dedicated to potato production held by the 

farmer’s household.  Plot/land size has been found to be positively and negatively correlated 

with adoption.  There exists a variety of explanations for this result. In this study, we expect 

this variable to be negatively correlated with adoption because some of the IPM practices in 

potato production are labor intensive.  Hence, larger farms may choose to purchase inputs 

(pesticides) rather than utilize the technology. 

Wealth index (WEALTHI) 

We use a weighting system for constructing wealth indexes based on the household assets
1
 

that relies on Principal Component Analysis (PCA) to determine how wealth affects 

adoption decisions. The influence of wealth is uncertain. On the one hand, the resource 

constraint may provide farmers with incentives to follow the specialist’s advice and 

somehow compensate for the disadvantage of being less wealthy.  On the other hand, some 

IPM practices could be seen by famers as risky. Having limited resources may make it 

harder to make the decision of adopt such practices. 

Farmer has been sick in the last year as a result of pesticide use (FHEALTH) 

Globally, several studies have been done in order to determine how the perception of harm 

from pesticide use affects adoption of new technologies. In the case of Ecuador, researchers 

have found that farmers are not aware of long-term effects of pesticides use. In some sense, 

this explains why safety equipment is infrequently used. Nevertheless, farmers do know 

                                                           
1
 Household assets include TV set, refrigerator, microwave, washer, computer, landline, cellphone, home drinking 

water, toilet room inside the house, car, dairy and beef cattle. 
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about short term health effects and the potential for poisoning (Crissman, Cole, & Carpio, 

1994). Hence we expect this variable to be negatively correlated with adoption. 

 

3.3.3 Institutional Factors 

Exposure of farmers to various forms of information. (INDIF 1-4) 

Farmers exposure to different sources of information are important variables in adoption of 

IPM. Each form of diffusion of IPM may have a different impact on a farmer’s decision to 

adopt. The set of INDIF 1-4 variables represents the following sources of information: (i) 

attended FFS, (ii) attended field day (iii) learned IPM from other farmers (iv) heard of IPM 

from other different sources. In this study, access to IPM information is expected to have a 

positive correlation with IPM adoption. 

 

3.3.4 The Empirical Model 

Over the years, researchers have developed numerous adoption models in order to better 

understand farmers’ adoption processes. Qualitative response models (QR) are frequently 

used to estimate the relative importance of various factors affecting adoption.  Simple linear 

regression (a type of QR) is not an appropriate model because adoption (dependent variable) 

takes on a limited number of values and a significant proportion of the population chooses 

to adopt 0% of the technologies.  As a result, the error term is not normally distributed and 

heteroskedasticity is present in the model (Wooldridge, 2006), rendering biased estimators 

and invalid t and F statistics.  

Using a limited dependent variable (LDV) that is restricted to having values between 

zero and one can overcome the limitations of linear probability models. These kind of 

Qualitative response models use Maximum Likelihood Estimation (MLE) that estimates the 
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value of y given x and account for the discrete nature of the dependent (adoption) variable 

(Greene, 2003).  When the dependent variable is binary, adoption is considered as a yes or 

no decision by farmers. Hence, the model explains how various factors, captured in the 

model’s independent variables, affect the probability of adoption. Nevertheless, in the case 

at hand, farmers manage risk through diversification, and full adoption although ideal is not 

reached.  

A probit model is suitable for measuring adoption in this study.  However, 

categorizing farmers as adopters or not adopters without taking into account the degree of 

IPM adoption is not appropriate. Thus, we employ a modified type of probit model (using 

MLE) known as the ordered probit.  Like the models for binary data, we are concerned with 

how changes in the predictors translate into the probability of observing a particular ordinal 

outcome. The parameter estimates of this model capture the different degrees of IPM 

adoption for 4 possible ordered values for z (described below), given the independent w.s. 

 

                                            

  
                                 

            
       

                  
       

                  
      

                  
   

 

where 

 

   = level of adoption of IPM,  

  = explanatory variables,  
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   = the residuals or error term and  

  
  = the unobserved, underlying response variable;  

  ’s are the cutoffs or thresholds that define the value of    for given values of   
   

Adoption intensity is defined according to the following four categories:  

 

                          

                           

                          

                            

 

The probabilities are written as follows: 

 

                  
                         

                       
                             

                       
                           

                      
                    

 
The sign of the estimated parameter   can be directly interpreted because of the 

increasing nature of the ordered classes: a positive   indicates more IPM adoption as the 

value of associated variable increases, while negative signs suggest the converse. However, 

the magnitudes are not directly interpretable in the ordered probit model. It is necessary to 

compute marginal effects to interpret the model meaningfully. 
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         Table 3.2: Description of variables 

Explanatory Variables  

Variable Name Variable Type 

Farmers Characteristics 

FEDUC_D Farmer has secondary education  Binary 

FEXP Farmer’s years of experience Continuous 

Economic Factors 

PLOTSZ Size of the largest plot dedicated to potato production  Continuous 

WHEALTI Wealth index Continuous 

FHEALTH 
Farmer has been sick in the last year as a result of 

pesticide use  
Binary 

Institutional Factors 

INFDIF1 Attended FFS Binary 

INFDIF2 Attended Field Days Binary 

INFDIF3 Learned about IPM from other farmers Binary 

INFDIF4 
Learn about IPM from other information diffusion 

methods 
Binary 

 

 

3.4   Measuring the Economic Impact  

Impact assessment is an effort to understand the full range of changes affecting well-being 

(immediate and long term) as a result of the introduction of a new technology, and whether 

these changes are indeed due to the program intervention or to other factors.  In other 

words, an impact evaluation seeks to determine what works and what does not (Khandker, 

Koolwal, & Samad, 2010). Using quantitative methods, these evaluation approaches can be 

examined from two perspectives: before or after a program is introduced.  

Ex ante evaluation aims to predict program impact before the program intervention 

(during the planning phase), whereas ex post evaluation examines results after programs 

have been executed. Although ex ante analysis tends to be less costly and allows one to 

predict the success or failure of the program (an added cost to the ex post analysis if we 

consider that programs could fail), an ex-post approach can be preferred because it 

attempted to measure what actually happened (Khandker et al., 2010).  
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Randomly allocating a program or intervention across a sample of observations is 

optimal. However, in practice, treatment assignment may not be random because of two 

extensive factors: (i) endogeneity rises when a program is placed intentionally in areas that 

have specific characteristics, which might be correlated with outcomes and (ii) Individual 

heterogeneity rises from self-selection into a program, where farmers make the adoption 

choices themselves. In other words, the decision to participate in a program may be 

determined by a prospective trainee, by a program administrator or both. These factors may 

bias the results unless corrected because unobserved characteristics in the error term will 

contain variables that also correlate with the treatment variable. Hence, the methodologies 

used to assess the economic impact of IPM vary widely, from simple comparisons of 

sample averages (of the parameters used to measure such impact) of adopters and non-

adopters, to advanced econometric techniques. 

There are numerous possible parameters for impact assessment, and some of these 

are difficult to measure. Simple measurements of success are for example, pesticide use 

(number of sprays, pesticide expenditures, amount of active ingredients used), profits, yield, 

and input costs, but also, the variation in yield or profit.  Less common parameters are: 

quality of output, pesticide-related health problems, gender roles, education, and 

empowerment indicators.  

The approach used for assessing the impact of IPM adoption in potato production in 

Carchi, Ecuador, focus solely on farm-level economic and environmental impacts. To assess 

such impacts, we evaluate pesticide expenditures using a Heckman selection model, 

extended to allow for an ordered choice across several IPM adoption levels.  This model 
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constitutes an appropriate tool to solve the problems arising from the non-random selection 

and individual heterogeneity mentioned above. 

 

3.4.1 Measuring Pesticide use  

The main outcome or dependent variable of interest in this study is pesticide use.  It is of 

interest because one of the objectives of the implementation of IPM programs is to observe 

a reduction in pesticides.  Pesticide use can be evaluated using different measurements such 

as number of sprays, number of the different active ingredients applied, volume applied of 

individual active ingredients, expenditures on pesticides as a percent of total production 

expenses, toxicity and persistence of pesticides applied, pounds of active ingredients, etc. 

The particular outcome variable chosen to represent pesticide use in this study is pesticide 

expenditures per hectare.  

As we already mentioned above, to assess the impact of IPM adoption on pesticide 

expenditures we use a Heckman selection model. It assumes that the distribution of 

unobservables in both pesticide expenditures and adoption are jointly normally distributed. 

The noteworthy feature of this model is it allows for an ordered IPM adoption variable 

(IPM_CAT4 is higher than IPM_CAT3, and higher that IPM_CAT2 and so on).  Hence, we 

can estimate the probability that individuals adopt IPM within different categories which are 

mutually exclusive.  By assuming the normality of the distribution of the error term we are 

able to estimate the effects of adoption of IPM on pesticides expenditures across the whole 

distribution of unobservables, in particular at the mean.  

In our model individuals i are sorted into 4 categories; on the basis of an ordered-

probit selection rule: 

  
         ; 
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where    are unknown parameters,    is a standard normal shock, and the unknown 

cutoffs       ,    and    satisfy            .  The independent variables    

(        ,      ,         ,           ,                                   and  

       ) and the categorical variable    (        ) are observed, but the latent selection 

variable   
  is unobserved. 

There is also an observed dependent variable    (           ) that is a linear 

function of some observed independent variables   . The coefficients of    depend on the 

category    : 

   

{
 
 

 
   

 
                 

  
 
                 

  
 
                 

                   

 

where for each category   {       },     has mean 0, has variance   
 , and is bivariate normal 

with    with correlation   . The shocks     and    are assumed to be independent and 

identically distributed across observations.  We need to include in    at least some variables 

that are not contained in   .  Hence, in our model    includes    (        ,      , 

        ,            and         ) and    (        ,         ,          and         ). 

We assume that the information diffusion methods do not affect pesticide expenditure 

directly (exclusion restrictions). 

The Heckman selection model can be estimated using two procedures: Two Steps 

estimation and Full Information Maximum Likelihood estimation (FIML). It has been 
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shown that FIML is generally more efficient than the two steps estimation (Chiburis & 

Lokshin, 2007).  Thus, in this study we used the former.  FIML consists of finding the 

parameter values that maximize the likelihood of the data. The parameters to be estimated 

are: 

 ;                ;                ;                ;                 ; 

Given the parameters, the likelihood of an observation i in which the category is j 

and    is observed is: 
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where     (        )    ,    is the standard normal density function, and   is the 

standard normal cumulative distribution function (Chiburis & Lokshin, 2007).  The log 

likelihood for the entire sample is: 

  ∑   

 

   

    

 
 

 

Now that  we have discussed basic methodological issues related  to adoption and 

impact assessment of IPM, we move forward to Chapter 4 to present and discuss the  

results. 
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CHAPTER 4: RESULTS 

 

This chapter is divided into two sections. Section 4.1 provides a general descriptive analysis 

of results from the survey.  This section presents information on how farmers learned about 

IPM technologies, how IPM adoption has changed over time, constrains for adoption, 

pesticides use, and potato price variability.  Section 4.2 presents estimation results from the 

empirical models.  

 

4.1 General Descriptive Analysis 

We computed descriptive statistics to summarize farmers’ characteristics, economic factors 

and institutional factors (Table 4.1).  For a binary indicator variable, the mean represents the 

fraction of farmers with that attribute. For example, the variable FEDUC_D shows that 

22.5% of farmers have secondary education and the variable FHEALTH indicates that 28% 

of farmers reported being sick within the previous year.  In comparison, the continuous 

variables represent the actual means. For instance, potato growers in Carchi have an average 

farming experience (FEXP) of 26.1 years, ranging from 1 to 70 years.   Table 4.1 shows that 

the potato plot size varies from 0.1 to 40 hectares being 1.88 the average size. Regarding 

how farmers obtained information about IPM, 6.9% of them claimed not having any IPM 

training (INFDIF0), 18.3% participated in FFS (INFDIF1), 16.6% attended to field days 

(INFDIF2), 34.9% learned IPM from other farmers (INFDIF3) and 23.3% learn from other 

information diffusion methods (INFDIF4).  Access to information is discussed in detail in 

the next section (4.1.1 How farmers learn about IPM). 
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             Table 4.1: Summary statistics for variables of interest 

Variable Mean Std. Dev. 

PESTEXP (pesticides expenditures) 272.379 160.046 

ADP_CTG (categories of adoption) 2.408 1.093 

FEDUC_D (farmer has secondary education) 0.225 0.418 

FEXP (years of experience) 26.141 13.132 

FHEALTH (sick due to pesticide use) 0.280 0.449 

PLOT_SZ (plot size in hectares) 1.886 2.518 

WEALTHI (wealth index) 0.000 1.591 

INFDIF0 (have not been trained on IPM) 0.069 0.254 

INFDIF1 (attended FFSs) 0.183 0.387 

INFDIF2 (attended Field Days) 0.166 0.372 

INFDIF3 (learned IPM from other farmers) 0.349 0.477 

INFDIF4 (learned IPM from other methods) 0.233 0.423 
             Source: Survey Data, Carchi, 2012 

 

We chose to divide all farmers into five categories of adoption “No usage”, and four 

levels of IPM adoption: Low, Moderate, High and Full.  The basic criterion used to divide 

the pest management systems was the percentage of IPM practices used for each farmer.  

No usage refers to 0% of practices adopted, low adoption 1% -25%, moderate adoption 

26%-50%, high adoption 51%-75% and full adoption 76%-100%. We did not find any 

farmer in the latter category (Table 4.2). 

  

            Table 4.2: IPM adoption levels  

Adoption level # of farmers % 

No usage 18 4.46% 

Low 145 28.71% 

Moderate 203 57.92% 

High 38 8.66% 

Full 0 0% 

Total 404 100% 
      Source: Survey Data, Carchi, 2012 
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4.1.1  How farmers learn about IPM 

IPM information diffusion methods 

Farmers were asked about the primary source of IPM information they were exposed to.  

Information sources included participation in FFSs, field days, other farmers, attendance to 

observation visits, extension agent visits, family members, local government activities, 

pamphlets, etc. Four variables were used to represent these sources of IPM information 

(Table 4.3). 

 

                               Table 4.3: IPM information diffusion methods 

Variable Source of IPM information 

      INFDIF0 Haven’t heard about IPM 

INFDIF1 Attended to FFSs 

INFDIF2 Participation Field Days 

INFDIF3 From other farmers 

INFDIF4 Other information sources 
  Source: Survey Data, Carchi, 2012 

 

Of 404 farmers interviewed, 28 (7%) farmers indicated that they had heard about 

IPM before, 74 (18.32%) learned about IPM through participation in FFS, 67 (16.58%) 

farmers attended field days. 141 (34.90%) farmers heard about IPM through other farmers 

and 94 (23.27%) acquire IPM information from other sources (Figure 4.1). 

IPM programs seek an active diffusion of the IPM practices taught to farmers. 

Hence, they are encouraged to teach others farmers what they learned during the FFS, Field 

Days, observation visits, etc.  The effective acquirement of IPM knowledge and skills is 

important, but the value of training does not stop there. It is expected that trained farmers be 

able to keep a long term memory of this and also transmit it to a large number of neighbors 

and friends.  Otherwise, taking into account the high cost of training, few farmers would be 

reached before training budgets are exhausted (Norton, 2005).  From our data, there is 
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evidence that diffusion is occurring between farmers.  In fact, “other farmers” is the 

information diffusion method that most farmers (35%) mentioned as their primary source of 

IPM information.   However, it is important to find out the quality of the information that is 

being transferred.  This discussion takes place in the next section. 

 

Figure 4.1: How farmers learn about IPM 

 
          Source: Survey Data, Carchi, 2012 

 

Farmers’ IPM depth of knowledge 

Knowledge has been defined by Feder, Murgai and Quizon (2004) as, “the possession of 

analytical skills, critical thinking, ability to make better decisions, familiarity with specific 

agricultural practices, and understanding of interactions within the agro-ecological system”.  

In this study, to measure knowledge, each farmer was given a score based on 21 questions
2
 

in the survey, which were focused on specific IPM technologies. Farmers were then 

categorized based on the percentage of questions answered correctly.  The results ranged 

from Category I (0% answered correctly) to Category V (76-100% answered correctly). As 

                                                           
2 To measure depth of knowledge, questions V37, V38, V39, V40, V41, V42, V43, V44, V45, V46, V50, V51, V52, 

V53, V54, V56, V57, V58 of module 7 of the questionnaire (Appendix C) were used. 

Do not have IPM 
training 

7% 

FFS 
18% 

Field days 
17% 

From other 
farmers 

35% 

Other sources 
23% 
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it can be seen in the table below, data showed that there were no farmers in Category I. 

(Table 4.4) 

 

     Table 4.4: Farmer knowledge of IPM per category 

Category # of farmers % 

I - Zero 0 0.00% 

II - Low 44 10.89% 

II - Moderate 261 64.60% 

IV - High 95 23.51% 

V - Full 4 0.99% 

Total 404 100% 
Source: Survey Data, Carchi, 2012 

 

In table 4.5, we examined farmers’ knowledge of IPM by information source.  After 

performing a Pearson chi
2
 test, we obtained that the probability of           on 12 

                             .  Therefore, we could reject the null hypothesis that 

depth of knowledge is independent of IPM information diffusion method.  In addition, note 

that FFSs contribute the most to high and full knowledge scores (37 and 3 farmers, 

respectively). 101 farmers that learned IPM from other farmers belong to the Moderate 

knowledge category and for farmers in the lowest level of IPM knowledge; the major 

information sources were other farmers and other sources (17 and 16 farmers, respectively).  

 
 

        Table 4.5: IPM knowledge by information diffusion method category 

Information diffusion 

method 

KNOWLEDGE 

Low Moderate High Full 

# % # % # % # % 

Haven’t heard about 

IPM 
4 14.3% 19 67.9% 5 17.9% 0 0.0% 

FFSs 2 2.7% 32 43.2% 37 50.0% 3 4.1% 

Field Days 5 7.4% 45 67.2% 17 25.4% 0 0.0% 

Other farmers 17 12.1% 101 71.6% 23 16.3% 0 0.0% 

Other sources 16 17.0% 64 68.1% 13 13.8% 1 1.1% 

         Source: Survey Data, Carchi, 2012 
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In table 4.6 we report famers’ level of adoption by information diffusion methods; 

again we reject the null hypothesis that level of adoption is independent of IPM information 

source. FFSs contribute the most to high level of adoption (19 farmers). 84 farmers that 

learned IPM from other farmers belong to the Moderate adoption level. 

  

       Table 4.6: IPM adoption by information diffusion method category 

Information diffusion 

method 

 ADOPTION 

No usage Low Moderate High 

# % # % # % # % 

Do not have IPM training 4 14.29% 15 53.57% 9 32.14% 0 0.00% 

FFSs 4 5.41% 20 27.03% 31 41.89% 19 25.68% 

Field Days 3 4.48% 22 32.84% 34 50.75% 8 11.94% 

Other farmers 4 2.84% 47 33.33% 84 59.57% 6 4.26% 

Other sources 3 3.19% 41 43.62% 45 47.87% 5 5.32% 
         Pearson chi

2
(12) =        Pr         

         Source: Survey Data, Carchi, 2012  
 

 

In table 4.7 we reported the IPM recommended practices taught to farmers, and their 

percentage of adoption per information diffusion method group.  Overall, between 50% and 

75% of farmers were disinfecting seeds with pesticides (69.6%), applying fungicides with 

different active ingredients (68.1%), using crop rotation (68.1%) and handing pesticides 

according to recommendation (52.7%).   Between 25% and 50% of farmers were planting 

resistant varieties (43.1%), disposing residues in the field (37.1%), early harvesting 

(34.4%), disposing diseased plants in the field (30.9%) and using recommended hilling 

methods (25%). Less that 25% of farmers were using the remaining practices.   
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Table 4.7: Adoption of IPM by Practice and Information diffusion method 

IPM recommended practices 
INFORMATION DIFFUSION METHODS 

Total No 

trained 
FFS 

Field 

Days 

Other 

farmers 

Other 

sources 

Disinfect seeds with pesticides 60.7% 59.5% 74.6% 75.2% 68.1% 69.6% 

Use crop rotation 53.6% 64.9% 62.7% 74.5% 69.1% 68.1% 

Use fungicides with different active 

ingredients 
57.1% 71.6% 59.7% 75.2% 63.8% 68.1% 

Use pesticides according to 

recommendations 
42.9% 55.4% 50.7% 53.9% 53.2% 52.7% 

Use resistant varieties (Late Blight) 14.3% 55.4% 49.3% 43.3% 37.2% 43.1% 

Dispose of residues in the field 14.3% 45.9% 26.9% 46.1% 30.9% 37.1% 

Use early harvests  0.0% 37.8% 44.8% 31.9% 38.3% 34.4% 

Dispose of diseased plants in the field 10.7% 43.2% 25.4% 34.8% 25.5% 30.9% 

Use recommended hilling methods 7.1% 37.8% 31.3% 17.0% 27.7% 25.0% 

Use storehouse of seeds 17.9% 25.7% 37.3% 19.1% 16.0% 22.5% 

Use low-toxicity pesticides 

(Leafminer) 
35.7% 31.1% 23.9% 12.8% 17.0% 20.5% 

Foliage cut back  (Tuber Moth) 3.6% 18.9% 25.4% 17.7% 19.1% 18.6% 

Use irrigation 7.1% 12.2% 17.9% 13.5% 16.0% 14.1% 

Traps (Andean Weevil) 3.6% 35.1% 9.0% 6.4% 6.4% 11.9% 

Use yellow fix traps 0.0% 25.7% 6.0% 1.4% 2.1% 6.7% 

Use yellow mobile traps 0.0% 21.6% 6.0% 2.1% 0.0% 5.7% 

Use recommended seed storage 0.0% 12.2% 6.0% 3.5% 4.3% 5.4% 

Baited plants (Andean Weevil) 0.0% 13.5% 0.0% 0.7% 2.1% 3.2% 

Use pheromone traps (Tuber Moth) 0.0% 2.7% 4.5% 1.4% 2.1% 2.2% 

Source: Survey Data, Carchi, 2012 
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As can be seen from the data in the tables above (Table 4.5 and 4.6) farmers who 

claimed to not have any training on IPM, still had knowledge of IPM and adopted a number 

of practices. Nevertheless, high rates of adoption for untrained farmers could be observed in 

those practices that were in general highly adopted for the other groups. These are seed 

disinfection with pesticides, use of fungicides with different active ingredients, crop 

rotation, use of pesticides according to recommendations, and use of low toxicity pesticides. 

On the other hand, those practices that required a higher level of IPM awareness (also 

classified as labor or capital intensive) were moderately adopted for those farmers 

belonging to the other IPM information diffusion method groups, such as: use of 

recommended hilling methods, use storehouse of seeds, dispose of diseased plants in the 

field, and use of resistant varieties. Clearly a marginal adoption rate within the group of 

untrained farmers is shown.  Hence, it is reasonable to think that those levels of knowledge 

and adoption for untrained farmers just reflect widespread general knowledge that farmers 

have acquired over time and do not imply necessarily any IPM training.  

As discussed in the previous section, to measure adoption we assigned the same 

weight to each practice (one). Yet, we know that some techniques should be considered 

“more important” than others.  However, due to the lack of consensus within the research 

community, we think any determination of weights (different that one) could be considered 

arbitrary.  That being said, it is important to note (according to Table 4.7) that those farmers 

who participated in FFSs had the highest rates of adoption for some of the IPM practices 

that subjectively could be categorized as “more important”, either because they require 

more IPM knowledge or they are labor intensive; such as: traps for Andean Weevil (35.1%), 

baited plants (13.5%), yellow fix traps (25.7%) and yellow mobile traps (21.6%). 
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4.1.2  IPM adoption over time 

One of the objectives of this study was to determine how adoption of IPM practices has 

changed after 7 years with little IPM outreach in the area. Because potato farmers in Carchi 

also participated in a survey conducted in 2003 by Mauceri (2007), it is possible to identify 

changes in IPM adoption over time.  

 

       Table 4.8: IPM adoption levels over the time 

Adoption level 2003 2012 

No usage 25.69% 4.46% 

Low 11.01% 28.71% 

Moderate 43.12% 57.92% 

High 13.76% 8.66% 

Full 6.42% 0.25% 
         Source: Survey Data, Carchi, 2003/2004 and 2012 

 

          Figure 4.2: IPM adoption over time 

 
            Source: Survey Data, Carchi, 2003/2004 and 2012 

 

In 2003, 26% of interviewed farmers were identified as nonadopters, which meant 

they used 0% of IPM recommended practices.  By 2012, this percentage decreased to 4.5%. 

Low and moderate adoption levels also experienced important changes, going from 11% 

and 43% in 2003 to 29% and 57% in 2012, respectively.  On the other hand, high and full 
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adoption levels decreased over time, going from 14% and 6% to 9% and 0.25%, 

respectively.  Nevertheless, the magnitudes of these changes are not as large as in the other 

categories.  Overall, the good news about IPM implementation in the area is that IPM 

adoption has increased. Furthermore, more farmers are likely to be found in medium levels 

of adoption.  

 

       Table 4.9: FFS farmers IPM adoption over the time 

Adoption level 2003 2012 

No usage 3.33% 5.41% 

Low 3.33% 22.97% 

Moderate 43.33% 45.95% 

High 30.00% 25.68% 

Full 20.00% 0.00% 
         Source: Survey Data, Carchi, 2003/2004 and 2012 

               

              Figure 4.3: FFS farmers’ IPM adoption over the time 

 
                          Source: Survey Data, Carchi, 2003/2004 and 2012 

 

The figure above (Figure 4.3) represents the levels of potato IPM adoption between 

FFS farmers in 2003 (few years after graduation from FFS) and in 2012.  The overall trend 

of farmers’ participation within the FFS framework were seen to increase at No usage, Low 

and Moderate levels of IPM adoption, going from 3% to 5%, from 3% to 23%, and from 
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43% to 46%, respectively. On the other hand, High and Full adoption decrease from 30% to 

26%, and from 20% to 0%. These values indicate that the overall trend of IPM adoption 

between FFS potato farmers in Carchi is very stable, and they also show that the impact of 

FFS is large and extensive. 

 

4.1.3  Constraints to IPM adoption 

There are many constraints to IPM adoption. Time, information, and marketing are essential 

considerations in whether farmers adopt new practices or not (Drost, Long, Wilson, & 

Miller, 1996).  For our study, we asked farmers whether they were using or had used a 

particular IPM technique or (if applicable) why they stopped using such a practice.  Twenty 

four percent (24%) of farmers stated that the main reason why they have stopped using 

some of the practices was time (farmers perceived some of the practices as time 

consuming). Fourteen percent (14%) said they were not adopting some of the techniques 

because those have not worked at all. Clearly, farmers use practices they are comfortable 

with, and that minimize production risk associated with crop failure or yield reductions. 

Other reasons for no adopting IPM practices claimed by farmers include: their reduced 

budget, the perception that it is not necessary, and some peculiar ones such as: “I forgot” or 

“I am too old to do that” (Table 4.10 and Figure 4.4). 

 

 

Table 4.10: Main reasons for not adopting IPM 

Reason Percentage 

No time 23.55% 

No pest 15.51% 

It does not work 13.57% 

Bad weather 10.25% 

Not interested 8.31% 

Other reasons 28.81% 
  Source: Survey Data, Carchi, 2012 
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     Figure 4.4: Main reasons for not adopting IPM 

 
        Source: Survey Data, Carchi, 2012 

 

In Table 4.11 we report the main claimed reason(s) for stopping the usage of those 

IPM practices that had the lowest rates of adoption (less than 10%).  Farmers’ perceptions 

about these practices are shown. They talked about perceived effectiveness, labor intensity, 

and other constrains.  

 

 

         Table 4.11: Main reason for stopping adoption of some IPM practices 

IPM recommended practices 
Adoption 

% 
Main reason(s) for disadoption 

Baited plants (Andean Weevil) 3.2% It does not work 

Use recommended seed storage 5.4% Lack of money 

Use pheromone traps (Tuber Moth) 2.2% No longer available in the market 

Use yellow fix traps 6.7% Lack of time, bad weather 

Use yellow mobile traps 5.7% Lack of time, bad weather 
         Source: Survey Data, Carchi, 2012 
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4.1.4 Pest problems 

The major field pests reported by farmers (in declining order of importance) and the 

percentage of farmers interviewed who mentioned these pests are reported in Table 4.12. 

 

                  Table 4.12: Pest problems faced by potato farmers in Carchi 

Pest 
Farmers reporting the 

pest (%) 

Severity of 

damage (%) 

Late Blight 74.50% 11.0% 

Leaf Miner 51.49% 4.7% 

Andean Weevil 40.10% 3.4% 

Tuber Moth 18.81% 2.0% 

Slug 17.08% 1.8% 
                                    Source: Survey Data, Carchi, 2012 

 

Late blight is the most common pest faced by potato farmers in Carchi, causing on 

average an 11% of damage. The other major and most common problem faced by farmers is 

the leaf miner (Liriomyza huidobrensis). This pest is becoming a key one in Carchi with 

51.5% of farmers reporting it as a problem in their potato fields with an average damage of 

4.7%.  The leaf miner fly is capable of destroying completely a potato field if control 

measures are not taken. The larvae attack the plant from the bottom, and later on, the rest of 

the plant rapidly becomes infested as well (Bonierbale, 2007). Other pests included are the 

Andean weevil, tuber moth and slug. They cause 3.4%, 2% and 1.8% of average damage, 

respectively.  

 

4.1.5 Pesticide use 

Pesticides were the predominant type of endemic pest control among potato farmers in 

Carchi (Table 4.13).  Pesticides and application costs together account on average for 

13.83% of all production costs, between wide limits from a maximum of 38.87% to a 

minimum of 2.8%.  Farmers attempted to control Andean Weevil by using carbofuran 
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(43%) followed by carbosulfan (29%).  About 42% of the farmers applied pesticides in 

mixtures. A combination that stood out is that of carbofuran + profenofos. On average they 

applied these pesticides 2.35 times per production cycle. Tuber Moth control relied mainly 

on the application of  piriproxifen (37%) and carbosulfan (18%). Most of the time (80%), 

unlike the Andean Weevil control, these products were applied without mixing them with 

other active ingredients. The average number of applications was 0.71. 

To control potato Leafminer, farmers applied mostly abacmetina (26%) and 

cipermetrina (15%).  Eighty five percent (85%) of farmers used a single product per 

application with an average of 1.4 sprays.  Farmers said they knew of more than 70 products 

that control late blight.  The most often used were: cymoxanil + mancozeb (46%), propineb 

+ cymoxanil (20%), and mancozeb (10%).  Seventy six percent (76%) of farmers reported 

that they used a combination of different pesticides in a single application.  Among all the 

possible combinations, Curzate (cymoxanil + mancozeb) + Dithane (mancozeb) was the one 

preferred by farmers. The average number of sprays was 8.46. 

 

       Table 4. 13: Chemical control usage 

Pest 
Overall usage of 

chemical control 

Usage of mixtures per 

single application   

Average number 

of sprays 

Andean Weevil 95.05% 42.19% 2.35 

Tuber moth 25.99% 19.72% 0.71 

Leafminer 51.98% 15.16% 1.4 

Late blight 100.00% 75.80% 8.46 
Source: Survey Data, Carchi, 2012 

 

4.1.6  Toxicity awareness of pesticide use 

It is extremely important that farmers be able to read pesticide labels and understand the 

meaning of that information. However, the meaning of the colour code marked on pesticide 

containers, indicating the toxic potential of those pesticides, was completely unknown to 
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42.32% of the farmers.  Just, 1.49% was able to identify correctly the meaning of the 4 

standard colours used for that purpose. Around 12.38% of farmers recognized properly 

three of the four colours and 26.73% correctly identified two. 

Most of the farmers (81.48%) were aware of the risks of spraying pesticides while 

performing other tasks, such as eating, smoking, or drinking water.  Another concern with 

pesticide use was the lack of protective equipment used while spraying (Table 4.14).  

According to Sherwood (2005), farmers in Carchi use few personal protective equipment 

mainly because they lack knowledge regarding toxicity levels, social pressure (e.g., 

masculinity was tied to the capability of tolerating pesticide intoxications), and the 

prohibitively high cost of equipment.  

               Table 4.14: Protective equipment worn by farmers  

Protective gear Farmers use (%) 

Boots  72.59% 

Mask 59.26% 

Gloves 43.46% 

Glasses 2.22% 

Headwear 0.74% 

Coverall/Jacket 17.04% 
     Source: Survey Data, Carchi, 2012 

 

4.1.7  Price variability and potato production 

High potato price variability has become a serious problem for farmers in recent years. This 

phenomenon is attributed in part to potato smuggling from Colombia and Peru.  For a long 

time, farmers have applied the strategy of playing the lottery, which means continual 

production while betting on high prices at harvest to recover overall investment (Sherwood 

et al., 2005).  However, this tactic has not been sustainable over time.  Farmers overall 

mentioned having decreased their land dedicated to potato production.  The main reasons 
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for doing so were low potato prices in the market and high input costs.  Most farmers 

(83.65%) reduced risk by diversification.  Around 59% of them had included dairy cattle to 

their production activities and 26% had also cultivated vegetables. Farmers reported to have 

an average of 7.3 dairy cows. This value is 10% larger than the average they estimated to 

have5 years ago (6.6).  

 

4.2   Estimation Results  

While there may be many explanatory variables that could theoretically be included in our 

model, including them all may not lead to the best prediction. Therefore, we needed to 

explore the effects of different explanatory variables in order to obtain the best fitting 

model.    

 

         Table 4.15: First Step – Selection Model: ordered probit 

Independent variable: ADOPT_CAT 

Variables Coefficient Robust Std. Err. 

FEDUC_D 0.09378 0.14198 

FEXP 0.00077 0.00414 

FHEALTH -0.20135* 0.12243 

PLOTSZ_LN 0.07559 0.06596 

WEALTHI 0.06895* 0.04002 

INFDIF1 1.44884*** 0.24549 

INFDIF2 0.98930*** 0.22997 

INFDIF3 0.98162*** 0.20007 

INFDIF4 0.84569*** 0.20803 

/cut1 0.28781 0.23041 

/cut2 1.08751 0.22915 

/cut3 1.80995 0.23305 

Number of obs.       404  

Wald chi2(9)  42.710  

Prob > chi2   0.000  

Pseudo R2   0.038  
           Significance levels:   * 10%   ** 5%   ***1% 

 



52 
 

The results of the first step of the analysis (the ordered probit selection equation) are 

reported in Table 4.15.  Among the statistically significant coefficients, the wealth index 

(WEALTHI) was positive, indicating that wealthier farmers adopted more IPM.  As 

expected the variable denoting a farmer being sick due to pesticide use (FHEALTH) did not 

increase the probability of adoption of IPM.  To the contrary, those farmers that reported 

pesticide-related health issues were less likely to adopt IPM at the highest levels. We also 

found, as anticipated that all the information diffusion variables significantly affected 

adoption.  

We present in Table 4.16, the marginal effects of the significant variables evaluated 

at the two highest categories of adoption. The marginal effect for all four adoption 

categories are shown in Appendix D. Here, all the coefficients for the information diffusion 

methods are significantly positive for both.  The strongest effect at IPM_CTG4 and 

IPM_CTG3 was for the INFDIF1(farmer attended FFS) variable. This means that those 

farmers who attended to FFSs were 40.10% and 14.03%, respectively, more likely to report 

the highest levels of IPM adoption than those who did not have any training.   INFDIF2 

(farmer participated in Field Days) and INFDIF3 (farmer learned IPM from other farmers) 

were also important with strong effects.  The wealth index variable (WEALTHI), evaluated 

at adoption category 4 (IPM_CTG4), indicated that an increase of 1 point in the wealth 

index (a very large increment) raised the probability of reporting a high level of adoption by 

2%. It is also noticeable that this coefficient decreased from IPM_CTG4 to IPM_CTG3.  

Farmers who have been sick due to pesticide use are 5% and 2% less likely to report high 

and medium levels of IPM adoption, respectively.  

 



53 
 

Table 4.16: First Step – ordered probit – marginal effects for significant variables 

Variables  IPM_CTG4  IPM_CTG3 

FHEALTH 
 -0.05573* 

(0.03378) 

 -0.01950 

(0.01207) 

WEALTHI 
 0.01908* 

(0.01098) 

 0.00668* 

(0.00393) 

INFDIF1 
 0.40102*** 

(0.07013) 

 0.14034*** 

(0.02570) 

INFDIF2 
 0.27383*** 

(0.06703) 

 0.09583*** 

(0.02288) 

INFDIF3 
 0.27170*** 

(0.05747) 

 0.09508*** 

(0.02132) 

INFDIF4 
 0.23408*** 

(0.05943) 

 0.08192*** 

(0.02144) 
           Significance levels:   * 10%   ** 5%   ***1% 

           Standard errors in brackets 

 

We report in table 4.17 the estimation of the second step of the selection model 

where the dependent variable is the natural logarithm of pesticides expenditures 

(LN_PESTEXP).  The Wald test at the bottom of the table is a test of the null hypothesis 

            . If this hypothesis is true, then OLS is unbiased and there is no need to 

use a selection-bias correction model. Here, the null hypothesis is strongly rejected. 

         
            Table 4.17: Estimates Heckman model  

Dependent variable: log pesticides expenditures  

Variable IPM_CTG1 IPM_CTG2 IPM_CTG3 IPM_CTG4 

FEDUC_D 
-0.16150 

(0.15346) 

0.03261 

(0.12993) 

0.22308 

(0.17293) 

-0.08304 

(0.13688) 

FEXP 
-0.00362 

(0.00487) 

-0.00235 

(0.00435) 

-0.00196 

(0.00438) 

-0.00278 

(0.00445) 

FHEALTH 
-0.01257 

(0.12739) 

0.02271 

(0.11078) 

0.07017 

(0.12812) 

0.03690 

(0.12295) 

PLOTSZ_LN 
-0.11740 

(0.07177) 

-0.18242*** 

(0.06270) 

-0.11017 

(0.08260) 

-0.18613*** 

(0.06921) 

WEALTHI 
0.05652 

(0.04985) 

0.09868** 

(0.04030) 

0.01488 

(0.03551) 

-0.02354 

(0.03567) 

_cons 
6.24769*** 

(0.29137) 

5.67371*** 

(0.15431) 

5.34739*** 

(0.22328) 

5.35444*** 

(0.35493) 

Wald test of indep. eqns. (rho = 0):  chi2(4) = 18.87 Prob > chi2 = 0.0008 

              Significance levels:   * 10%   ** 5%   ***1% 

              Robust standard errors in brackets 
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The coefficient of PLOTSZ_LN for IPM_CTG2 and IPM_CTG4 are both negative 

and significant.  This result could be a sign of economies of scale. (i.e. the larger the plot 

size, the lower the intensity of pesticides required). For IPM_CTG2, the WEALTHI 

variable is positive and significant as well; wealthier farmers are more likely to spend more 

in pesticides.  

In our ordered probit selection model (which assumes that adoption levels are 

correlated with the unknown factors that determine pesticide expenditures), adoption does 

not appear among the estimated coefficients of the pesticide expenditures equation. 

Adoption levels can be obtained from the estimated increments to predicted pesticide 

expenditures that are associated with the successive levels of IPM_CTG, that is, from the 

constant terms. In Table 4.18 we report the average predicted pesticide expenditures (from 

the estimation in Table 4.17). 

 

      Table 4.18: Predicted pesticide expenditures 

IPM Adoption Mean Std. Dev. 

IPM_CTG1 814.30 441.03 

IPM_CTG2 363.63 159.86 

IPM_CTG3 260.38 75.84 

IPM_CTG4 234.31 66.48 

 

As we stated above, in the selection model we are estimating the effects of IPM 

adoption on pesticide expenditures across the whole distribution of unobservables, in 

particular at the mean. The difference on expenditures for IPM_CTG1 versus IPM_CTG2 is 

the largest (124%). On the other hand, pesticides expenditures for IPM_CTG3 compared to 

IPM_CTG4 are just 11% higher. Overall, these results are in line with what previous studies 

have found.  According to Barrera (2004), farmers who adopted IPM had an average 

pesticides expenditure of $236 per hectare, while those who produced using the 
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conventional approach spent $446 (estimated values for the most conventionally grown 

potato variety in the zone - Superchola).   

 

4.2.1  Aggregate cost savings effect 

There are approximately 2,080 potato hectares in the municipalities of Tulcan, Montufar 

and Espejo (where our study took place).  Using the percentage of farmers belonging to 

each category of adoption and the predicted pesticides expenditures, we were able to 

calculate the reduction in economic costs for potato production.  The total farm aggregate 

cost savings effect of the IPM program is estimated to be $823,981. 

 

        Table 4.19: Aggregate cost savings calculations 

PESTICIDE EXPENDITURES WITHOUT IPM CRPS INTERVENTION 

Adoption category # of Farmers # of hectares 
Pr. Pesticides 

expenditures 
TOTAL 

IPM_CAT1 404 2080 814.30 1693,744.00 

PESTICIDE EXPENDITURES WITH IPM CRPS INTERVENTION 

Adoption category # of Farmers # of hectares 
Pr. Pesticides 

expenditures 
TOTAL 

IPM_CTG1 101 520 814.30 423,436.00 

IPM_CTG2 102 520 363.63 189,087.60 

IPM_CTG3 103 520 260.38 135,397.60 

IPM_CTG4 104 520 234.31 121,841.20 

TOTAL 404 2080 

 
869,762.40 

AGGREGATE COSTS SAVINGS EFFECT     (1693,744.00 - 869,762.40) 823,981.60 

 

  



56 
 

CHAPTER 5: DISCUSSION AND CONCLUSIONS 

 

In chapter 4, we analyzed the data and results were given.  This chapter summarizes these 

results, and gives policy implications and recommendations for future research.  

Section 5.1 summarizes the objectives of this research effort. Section 5.2 comments about the 

analytical methods used. Section 5.3 gives a summary of results.  Section 5.4 presents 

contributions, limitations and provides implications for further research. 

 

5.1 Summary of objectives 

The emphasis of this study was to assess how adoption of potato IPM techniques has 

changed over time. We sought to determine the factors affecting farmers’ decision to adopt 

IPM and those constraining it.  Furthermore, we also attempted to evaluate the 

environmental impact of potato IPM adoption in Carchi, Ecuador by determining if the 

implementation of IPM technologies had reduced pesticide expenditures.  

 

5.2   Summary of methods 

Using a pre-tested questionnaire, primary data was collected from 404 farmers in three 

municipalities in the province of Carchi, Ecuador. Statistical analysis of the data was done 

prior to performing econometric modeling. An ordered-probit estimation was used to find 

the factors that were responsible of explaining variations in levels of IPM adoption. Using 

marginal probabilities, the most influential factors affecting potato IPM adoption were 

determined.  
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The farm level decision making process on pesticides expenditures was evaluated by 

using a maximum likelihood estimation of an ordered-probit selection model. We estimated 

average predicted pesticide expenditures at each level of adoption and calculated aggregate 

savings. 

 

5.3   Summary of results 

Adoption was measured as the percentage of farmers reporting a particular level of IPM 

adoption. Farmers in the different adoption categories were distributed as follows: no usage 

4.46%, low adoption 28.71%, moderate adoption 57.92% and high adoption 8.66%. We 

found that time and farmers’ perceptions of ineffectiveness of IPM techniques were limiting 

factors for wider adoption.  

IPM technologies were spread in several ways. Farmers were educated through 

FFSs, field days, via interaction with other farmers, or by other diffusion methods. These 

information sources had a positive effect on farmer knowledge of IPM. FFSs had the 

greatest impact on high knowledge scores, followed by field days and exposure to other 

farmers. Knowledge was also important and played a large role in the successful 

implementation of IPM technologies.  We also learned that the source of information jointly 

determines knowledge and adoption rates.  

According to the econometric model, information sources had positive and strong 

effects on adoption, with certain information sources having more effects on adoption than 

others. Participants from FFSs had the highest adoption rates, followed by field days, and 

exposure to other farmers. Important determining factors of IPM adoption, besides 

information source, were wealth and farmers developing pesticide-related illnesses in years 
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prior to the survey. The positive sign on WEALTHI showed the positive relationship 

between wealth and IPM adoption. . The negative sign of the coefficients for the FHEALTH 

variable implied that farmers who had been sick due to pesticide use were less likely to 

belong to the highest categories of adoption. Farmer characteristics such as education and 

experience did not play a significant role in affecting adoption rates. The variable PLOTSZ 

was included in the model to evaluate whether there was a relationship between plot size 

and the level of adoption or not, but it turned out not to be significant. 

Regarding the impact of IPM adoption on pesticide expenditures, this thesis found 

that among potato growers, adopters of IPM spent significantly less money in pesticides 

than non-adopters. The per-hectare savings range went from around $550 to $580 while the 

total savings in Montufar, Tulcan and Espejo, considering that 2,800 hectares of land are 

planted with potato, were $823,000 per year.   

 

5.4   Contributions, limitations and implication for further research. 

For the province of Carchi in northern Ecuador, which is one of the most productive potato-

growing areas in the country, this study is important in a number of ways.  First, the 

measured adoption of IPM technologies provides evidence of  IPM CRSP research impacts. 

Results from this study might be extrapolated to explain adoption of similar technologies in 

areas with similar economic, social and institutional characteristics. 

Second, we identified and described a procedure of economic impact assessment 

that is generally applicable, and appropriate for use in evaluating IPM programs. It provides 

general guidelines and a useful starting point when organizing and implementing an IPM 
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impact assessment study.  Moreover, we were able to determine aggregate cost savings in 

potato production as a result of pesticide use reduction for those farmers who adopted.  

One limiting factor of this study on measuring adoption was that no differences in 

IPM practices were established. This means that all the IPM techniques had the same weight 

when used to calculate the different levels of adoption. Yet, it is widely known that some 

IPM practices have a greater effect on income and the environment than others. However, 

no consensus within the research community has been reached to assign such weights.  By 

observing the information diffusion methods, we realized that farmers learned about IPM 

from multiple sources. However, we only considered the primary source of such knowledge.  

One wonders how many different sources of information each farmer may have utilized and 

how the interaction among them affected IPM adoption.  

Another limiting factor was that the survey instrument was long (14 pages). Though, 

questions were presented in a tabular format (which appears less complicated to 

respondents). We think the quality of responses might have been improved if fewer 

questions were asked.  

Results of this study showed a positive economic impact of IPM adoption on 

reduction of potato production costs (through reduction of pesticides, although the cost of 

IPM practices were not considered).  Considering that potato production in Carchi has 

mainly commercial purpose, if there is a net cost saving, there would be an  incentive to 

pursue adoption apart from the health and environmental effects that are often considered as 

a primary reasons to encourage adoption by farmers.  For the purpose of future research the 

evaluation of the economic impacts may be extended to yields and profits.  
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APPENDIX A: MAP OF PROVINCE OF CARCHI - ECUADOR 
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APPENDIX B: FARMER SURVEY - SPANISH 

INIAP - IPM CRSP 

MÓDULO 1. CONDICIONES SOCIO-ECONÓMICAS 

 

V0. Nombre del entrevistado: ______________________________________ 

V1. Cantón: _______________________________ 

V2. Parroquia: _____________________________ 

V3.  Edad en años: _______ 

V4. Sexo: 1= Masculino _____ 2= Femenino _____ 

V5.  Estado Civil: 

 1= Soltero _____ 

 2= Casado _____ 

 3= Separado _____ 

 4= Divorciado _____ 

 5= Viudo _____ 

V6. Número de miembros que conforman su familia: _________ 

V7. ¿Es Usted el responsable del hogar? 1= Si ______ 2= No _______ 

V8. Información de responsables de familia, sexo, edad, nivel educativo y toma de decisiones: 

ROL QUE 

DESEMPEÑA 

SEXO EDAD 
NIVEL 

EDUCATIVO 

TOMA 

DECISIONES 

1= Masculino 

2= Femenino 

Años cumplidos Años de 

educación 

1= Si 

2= No 

1 2 3 4 5 

Responsable del hogar     

Co-responsable del hogar 

_________________________ 
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V9.    Información de los miembros de la familia, sexo, edad, nivel educativo y trabajo en la finca: 

MIEMBROS 

DEL HOGAR 
SEXO EDAD 

NIVEL 

EDUCATIVO 

¿TRABAJA 

EN LA 

FINCA? 

¿TRABAJA 

FUERA DE 

LA FINCA? 

Parentesco con 

el jefe del 

hogar. 

1= Masculino 

2= Femenino 

Años 

cumplidos, 

cuando tiene 

menos de 1 

año anote 1 

 

Años de 

educación 

1= Si 

2= No 

1= Si 

2= No 

1 2 3 4 5 6 

1       

2       

3       

4       

5       

6       

7       

8       

 

V10.  Número de años que Usted ha trabajado como agricultor: _____ 

V11.  Tenencia de la tierra: 

 1= Propiedad con título _____  Tamaño de la propiedad _______ 

 2= Propiedad sin título _____  Tamaño de la propiedad _______  

3= Arriendo   _____  Tamaño de la propiedad _______  

4= Cedido, prestado  _____  Tamaño de la propiedad _______  

5= Al partir   _____  Tamaño de la propiedad _______  
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6= Otra (especifique)  _________________ 

V12. Número de parcelas que cultiva: _____ 

V13. Número de hectáreas con cultivo de papa: _____  

V14. ¿Durante cuántos años ha estado cultivando papa? _____ 

V15. Tiempo que le toma en transporte (en minutos) para viajar de la casa a la finca (en caso de poseer 

varias parcelas, considerar la más lejana): _____ 

V16. Tiempo que le toma en transporte (en minutos) para viajar de la casa a la oficina del MAGAP más 

cercana: _____ 

V17. ¿A quién le vende su producción de papas? 

 1= Venta directa ______ 

 2= Intermediario ______ 

V18. Tiempo que le toma en transporte (en minutos) para viajar de la casa al mercado donde vende sus 

papas: _____ 

V19. ¿Cuáles de los bienes/servicios siguientes posee? 

Bien / Servicio 0= No  1= Si 

Televisor  

Refrigeradora  

Teléfono fijo  

Teléfono celular  

Vehículos: 1= uno; 2= dos; 3= tres o más  

Lavadora de ropa  

Microondas  

Agua potable dentro de la casa  

Baño dentro de la casa  

Computadora  

Ganado: 1= 1-10; 2=11-20; 3=21-30; 4= más de 30  
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MÓDULO 2: PRODUCCIÓN DEL CULTIVO DE PAPA 

 

V20. Anote en cada fila las características de cada uno de sus lotes donde se localizaron los cultivos de papa en el último ciclo productivo 

 

CULTIVO DE PAPA 
SUPERFICIE 

SEMBRADA 

CANTIDAD 

SEMILLA 

COSECHA 

TOTAL 
VENTA SEMILLA 

- En primer lugar anote el 

número del lote 

- Dedique una fila a cada una 

de las variedades sembradas. 

¿Cuál es la 

superficie del lote 

en hectáreas ? 

¿Qué cantidad de 

semilla en qq 

sembró en este lote? 

¿Qué cantidad total 

en qq cosechó en el 

este lote? 

De la cosecha del lote, ¿qué cantidad y a 

qué precio vendió el qq?  

De la producción 

del lote, ¿cuántos 

qq destinó para 

semilla? 

Lote Variedad Cantidad Cantidad 
Gruesa 

Delgada 

Cantidad Precio venta Cantidad 

Gruesa Delgada Gruesa  Delgada Gruesa Delgada 
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MÓDULO 3: PROCESO TECNOLÓGICO DEL CULTIVO DE PAPA 

 

V21. ¿Cuáles son las principales plagas y enfermedades que observó en la papa en el último ciclo de cultivo? 

 

Plaga o enfermedad Porcentaje de daño 
¿Ha sido un problema en el 

pasado? 1= Si  2= No 

Gusano blanco   

Polilla guatemalteca   

Mosca minadora   

Lancha   

Babosa   

   

 

V22. Controles para el lote más grande en el último ciclo de producción. ¿Cuál es la superficie 

sembrada?__________ 

 

A. Gusano blanco 

No. 

control 

 ¿Qué hace para controlarlo? ¿Dónde aprendió 

esta técnica? Unidad Cantidad 
Costo 

Unitario $ 

Costo 

Total $ 
Técnica Producto 

        

        

        

        

        

        

        

* Tener presente que para cada control fitosanitario se debe incluir el rubro de mano de obra 

 

B. Polilla guatemalteca 

No. 

control 

 ¿Qué hace para controlarlo? ¿Dónde aprendió 

esta técnica? Unidad Cantidad 
Costo 

Unitario $ 

Costo 

Total $ 
Técnica Producto 
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* Tener presente que para cada control fitosanitario se debe incluir el rubro de mano de obra 

C. Mosca minadora 

No. 

control 

 ¿Qué hace para controlarlo? ¿Dónde aprendió 

esta técnica? Unidad Cantidad 
Costo 

Unitario $ 

Costo 

Total $ 
Técnica Producto 

        

        

        

        

        

        

        

* Tener presente que para cada control fitosanitario se debe incluir el rubro de mano de obra 

D. Lancha 

No. 

control 

 ¿Qué hace para controlarlo? ¿Dónde aprendió 

esta técnica? Unidad Cantidad 
Costo 

Unitario $ 

Costo 

Total $ 
Técnica Producto 

        

        

        

        

        

        

        

        

        

        

        

        

* Tener presente que para cada control fitosanitario se debe incluir el rubro de mano de obra 
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MÓDULO 4: COSTOS DE PRODUCCIÓN DEL CULTIVO DE PAPA 

 

V23. Costos de producción para el lote más grande de papa en el último ciclo de producción. ¿Cuál es la superficie 

sembrada?_______ 

 

Rubros y Actividades Unidad Cantidad 

Costo en $ 

Unitario Subtotal 

1 2 3 4 5 

Preparación del terreno y siembra:     

Arada y rastrada Hora    

Rastrada Hora    

Surcada a mano y siembra Jornal    

Trampeo de gusano blanco Jornal    

Cartón para trampas de gusano blanco Unidad    

Mano de obra trampas de gusano blanco Jornal    

Uso de silos verdeadores* qq    

Semilla (variedad) qq    

     

Fertilización:     

Fertilizantes:     

 qq    

 qq    

 qq    

 qq    

 qq    

 qq    

Mano de obra Jornal    

Transporte de insumos Flete    
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Labores culturales:     

Mano de obra retape Jornal    

Mano de obra medio aporque Jornal    

Mano de obra aporque Jornal    

     

Cosecha:     

Sacos Sacos    

Piolas Cono    

Transporte al mercado Flete    

Mano de obra para la cosecha Jornal    

Terreno Ciclo    

Producción por superficie sembrada:   Precio en $ 

   Unitario Subtotal 

Gruesa qq    

Segunda qq    

Cuchi qq    

*V24. ¿Utilizó silo verdeador? Sí______No______ 
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MÓDULO 5: CONOCIMIENTO Y USO DEL MIP EN PAPA 

 

V25. Conocimientos y utilización de MIP para controlar plagas en papa 

 

Conocimiento y utilización del MIP en papa 

Conoce Utiliza 
Utilizó 

alguna vez 

¿Por cuánto tiempo 

usó? ¿Por qué dejó de 

usar? 

Si 
Dónde escuchó 

hablar de esto 
No Si No Si No Desde Hasta 

A. Gusano blanco           

1.1. Ciclo de vida de la plaga    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.2. Estado de la plaga que se puede controlar    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.3. Trampas para control           

1.4. Plantas cebo           

1.5 Eliminación de residuos de cosechas anteriores            

1.6. Aplicación de insecticidas en forma dirigida           

B. Polilla           

1. Control en almacenamiento           

1.1. Silos verdeadores de semilla           

1.2. Desinfestación de semillas con insecticidas           

1.3. Semillas de calidad           

2. Control en campo:           
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2.1. Ciclo de vida de la plaga    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

2.2. Estado de la plaga que se puede controlar    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

2.3. Trampas de feromonas           

2.4. Aporques altos           

2.5. Eliminación de residuos de cosechas anteriores            

2.6. Elimina el follaje cuando la papa está picándose           

2.7. Rotación de cultivos           

2.8. Cosecha temprana cuando hay ataque            

2.9. Riego por aspersión           

C. Mosca Minadora           

1.1. Ciclo de vida de la plaga    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.2. Estado de la plaga que hace daño al cultivo    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.3. Estado de la plaga que se puede controlar    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.4. Trampas amarillas fijas           

1.5. Trampas amarillas móviles           

1.6. Insecticidas de baja toxicidad           

 

V26. Conocimientos y utilización de MIP para controlar enfermedades en papa 
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Conocimiento y utilización del MIP en papa 

Conoce Utiliza 
Utilizó 

alguna vez 

¿Por cuánto tiempo 

usó? ¿Por qué dejó de 

usar? 

Si 
Dónde escuchó 

hablar de esto 
No Si No Si No Desde Hasta 

D. Lancha           

1.1. Ciclo de vida de la enfermedad    XXX XXX XXX XXX XXXXX XXXXXX XXXXXXXXXXX 

1.2. Agresividad de la enfermedad    XXX XXX XXX XXX XXXXX XXXXXX XXXXXXXXXXX 

1.3. Porcentaje de ataque en que se puede controlar 

la enfermedad 

   XXX XXX XXX XXX XXXXX XXXXXX XXXXXXXXXXX 

1.4. Variedades resistentes a lancha           

1.5. Utilización de fungicidas con ingredientes 

activos diferentes 
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V27. Si Usted tiene experiencia en usar MIP en papa, ¿cómo son los rendimientos, precios que recibe, 

costos de producción y rentabilidad total, comparado con el manejo convencional? 

 

V28. ¿Cuáles son otros beneficios y/o problemas que ha observado con la aplicación del MIP, en 

relación con lo que hacía anteriormente? 

Beneficios Problemas 

  

  

  

  

  

 

MÓDULO 6. ACEPTACIÓN DE LOS COMPONENTES DEL MIP 

 

V29. ¿Continuará utilizando las recomendaciones del MIP en el futuro?: 1 = Sí _____  2 =  No _____ 

¿Por qué sí utilizará? ¿Por qué no utilizará? 

  

  

  

  

 

 

 

Items Menores Iguales Mayores 

Rendimiento    

Precio    

Costos de producción    

Rentabilidad total    
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MÓDULO 7. CAPACITACIÓN EN LOS COMPONENTES DEL MIP 

 

V30. ¿Dónde aprendió sobre MIP?  

1= Escuelas de Campo (ECAs)   _______    Organizadas por: _____________________________  

2= Días de Campo   _______    Organizadas por:  ____________________________ 

3= Giras de observación   _______    Organizadas por:_____________________________ 

4= Visitas de extensionistas  _______    Organizadas por: _____________________________ 

5= Folletos / Boletines   _______ 

6= Medio de comunicación  _______ 

     (Radio, televisión o periódico)  

7= Observación directa   _______ 

8= Otro____________________ _______ 

 

 

V31. ¿Considera que la capacitación recibida en MIP, ha sido suficiente? 1 =  Sí _____    2= No _____ 

V32. ¿En caso de no ser suficiente, en qué temas le gustaría capacitarse? 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

V33. ¿Ha enseñado a otras personas, lo que usted sabe sobre el MIP? 1=Sí _______  2=No _______ 

V34. En caso de que Sí ha enseñado, ¿A cuántos?:___________ 

V35. En caso de que Sí ha enseñado, ¿A quiénes? 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

 

V36. En caso de que la respuesta sea negativa, ¿Por qué no ha enseñado? 
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__________________________________________________________________________________ 

____________________________________________________________________________________ 

V37. ¿En qué estado del cultivo se deben colocar las trampas para el control de gusano blanco?  

1= Antes de la siembra       ________   

2= Antes de la emergencia ________   

3= En las dos anteriores     ________ 

V38. ¿Cada qué tiempo renueva las ramas utilizadas en las trampas?  

1= Semanalmente    ________  

2= Quincenalmente ________  

3= Tres semanas      ________  

4= Otra                    ________ 

V39. ¿En qué parte de la planta aplica Usted los insecticidas para el control de gusano blanco? 

1= Toda la planta  _________  

2= Bajo el follaje  _________ 

3= Otra      _________ 

V40. ¿Qué práctica utiliza Usted para el almacenamiento de la semilla? 

1= Silos verdeadores __________ 

2= Asolación  __________ 

3= Ambos  __________ 

4= Sacos ralos  __________ 

V41. ¿En qué casos utiliza sistémicos y/o protectantes para el control de la lancha?  

Sistémico para control  _____________ 

Protectante para prevención _____________ 

Sistémico para prevención _____________ 

Mezcla    _____________ 

V42. ¿En qué estado del gusano blanco se lo debe controlar? 
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1= Larva    ________  

2= Adulto  ________  

3= Ambos  ________ 

V43. ¿En qué estado de la polilla se la debe controlar? 

1= Larva    ________  

2= Adulto  ________  

3= Ambos  ________ 

V44. ¿En qué estado de la mosca minadora se la debe controlar? 

1= Larva    ________  

2= Adulto  ________  

3= Ambos  ________ 

V45. ¿A partir de qué porcentaje de ataque de lancha se debe efectuar su control? 

1= Menos del 1% ________ 

2= Sobre el 1%     ________  

3= Sobre el 2%     ________ 

V46. ¿Cuando compra los remedios (productos químicos), cómo los solicita en la casa comercial? 

1= Ingrediente activo ________ 

2= Nombre comercial ________ 

3= Por el síntoma  ________ 

V47. ¿Qué ha observado, luego de disminuir el uso de los remedios (plaguicidas)? 

1= Reducción de costos        ________  

2= Mejor control de plagas  ________  

3= Ambos                            ________ 

4= Ninguno de los anteriores ________ 

 

V48. ¿En cuanto a su salud y de familiares, qué ha observado con la disminución de los remedios 

(plaguicidas)? 
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1= Han disminuido los dolores de cabeza ______ 

2= Presentan un mejor estado de ánimo ______ 

3= Trabajan con mayor agilidad  ______ 

4= Ninguno de los anteriores   ______ 

V49. ¿Conoce Usted sobre el significado del color de las etiquetas de los remedios (productos 

químicos)? 

1 =  Si_______ 2= No_______ 

V50. ¿Si la respuesta es Sí, indique el significado de ellas? 

Roja  ________________________________________ 

Amarilla  ________________________________________ 

Azul  ________________________________________ 

Verde  ________________________________________ 

V51. ¿Cómo prepara su equipo para aplicar los remedios (plaguicidas)? 

1= Revisa la bomba  ______ 

2= Calibra boquillas  ______ 

3= Otra    ______ 

V52. ¿Utiliza Usted medidas de protección para la aplicación de remedios (plaguicidas)? 

1. Si_______ 2. No_______ 

V53. Si la respuesta es Sí, indique las medidas de protección: 

1= Botas  _________ 

2= Máscara _________ 

3= Guantes _________ 

4= Poncho _________ 

5= Gafas  _________ 

6= Otros __________________________ 

V54. Mientras aplica los remedios, ¿Usted hace alguna de las siguientes actividades? 

1= Come  ________ 
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2= Fuma  ________ 

3= Toma agua ________ 

4= Ninguna ________ 

V55. ¿En dónde almacena los remedios (plaguicidas)? 

1= Bodega  _______ 

2= En una caja cerrada _______ 

3= Dentro de la casa _______ ¿Dónde?_______________ 

4= Otro   ___________________________ 

V56. Luego de aplicar los remedios, ¿dónde lava la bomba de fumigar? 

1= En la casa  ______________ 

2= En el lote  ______________ 

3= En la acequia ______________ 

4= Otro  ___________________________ 

V57. ¿Luego de aplicar los remedios, qué hace con los envases utilizados? 

1= Entierra las fundas ________, ¿Dónde?________________ 

2= Quema las fundas ________, ¿Dónde?________________ 

3= Otra   _____________________________ 

 

MÓDULO 8. PREGUNTAS COMPLEMENTARIAS SOBRE USO DE PESTICIDAS Y MIP 

 

V58. ¿Usted o cualquiera de sus empleados ha tenido problemas de salud durante el último año como 

resultado de uso del pesticida?  1= Si  _____ 2= No  _____ 

 

V59. ¿Cuántos días de trabajo ha perdido durante el último año como resultado de la enfermedad 

causada por los pesticidas? _____   

V60. ¿La disponibilidad de mano de obra es un problema para implementar el MIP? 

1= Si _____  2= No _____ 
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V61. ¿Usted, durante cuántos años ha estado implementando el MIP? _____  

V62. ¿De las siguientes respuestas, indique cuáles han influido en Usted para el uso del MIP?  Anote en 

orden de importancia: 1= muy importante….10= no importante. 

1= Motivos de salud    _____   

2= Motivos ambientales     _____ 

3= Rentabilidad    _____ 

4= Preferencia del consumidor    _____ 

5= Mejor control de enfermedades _____ 

6= Otras (especifique)    __________________________ 

 

V63. ¿Cree Usted que el MIP es más aprovechable que otros métodos?    

1= Si  _____  2= No _____ 

V64. ¿Si el precio de las papas aumentara 20%, sería probable que Usted aplicara más MIP?    

1= Si  _____  2= No _____ 

V65. ¿Si el precio de los pesticidas aumentara 20%, sería probable que Usted aplicara más MIP?    

1= Si  _____  2= No  _____ 

V66. ¿Le gusta la calidad de las variedades de papa con resistencia a la lancha?   

1= Si  _____  2= No  _____ 
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MÓDULO 9. CAMBIO DE LAS ACTIVIDADES PRODUCTIVAS DEL AGRICULTOR EN EL 

TIEMPO 

 

V67. ¿Cuántas hectáreas de papa sembraba usted 5 años atrás? _______________ 

V68. Si ahora siembra menos papa que hace 5 años atrás, explique las razones. 

1= Alto costo de producción de la papa           ________ 

2= Bajos precios de la papa en el mercado  ________ 

3= Alto riesgo     ________ 

4= Demasiadas plagas y enfermedades  ________ 

5= Otro _______________________ 

V69. Además de cultivar papa, ¿A qué otras actividades que le generan ingreso se dedica?   

1= Ganadería de leche    Número de litros diarios _________ 

2= Otros cultivos 

3= Otro ________________________________ 

V70. ¿Cuántas cabezas de ganado tenía hace 5 años?______________ 

V71. ¿Cuántas cabezas de ganado tiene ahora?______________ 

V72. Además de papa, ¿qué cultivaba hace 5 años? 

         ______________  

         ______________ 

         ______________  

         ______________ 

V73. Además de papa, ¿qué cultiva ahora?          

         ______________  

         ______________ 

         ______________  

         ______________  
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APPENDIX C: FARMER SURVEY - ENGLISH  

INIAP - IPM CRSP 

MODULE 1. SOCIO-ECONOMIC CONDITIONS 

 

V0. Name: ______________________________________ 

V1. Canton: _______________________________ 

V2. Parish: _____________________________ 

V3. Age: _______ 

V4. Gender: 1= Male _____ 2= Female _____ 

V5.  Marital Status: 

 1= Single _____ 

 2= Married _____ 

 3= Separated _____ 

 4= Divorced _____ 

 5= Widow/er _____ 

V6. Number of family members living in your household: _________ 

V7. Are you the household head? 1= Yes ______ 2= No _______ 

V8. Information about household head, gender, age, education and decision making: 

Family member role 

Gender Age Education 
Decision 

making 

1= Male 

2= Female 

Age Years of formal 

education 

1= Yes 

2= No 

1 2 3 4 5 

Household head     

Household co-head 

_________________________ 
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V9.    Information about family members, gender, age, education and work status: 

FAMILY 

MEMBERS 
GENDER AGE EDUCATION 

WORK IN 

THE FARM 

WORK 

OUTSIDE 

THE FARM 

Relationship 

with the 

household head 

1= Male 

2= Female 

Age 

 

Years of formal 

education 

1= Yes 

2= No 

1= Yes 

2= No 

1 2 3 4 5 6 

1       

2       

3       

4       

5       

6       

7       

8       

 

V10.  Years of farming experience: _____ 

V11.  Land holdings: 

 1= Owner with title _____  size _______ 

 2= Owner without a title_____  size _______  

3= Tenant  _____  size _______  

4= Loaned, borrowed _____  size _______  

5= Sharecropping _____  size _______  

6= Other  _________________ 

V12. Number of plots: _____ 
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V13. Hectares used to grow potato: _____  

V14. How many years have you been growing potatoes? _____ 

V15. Time in minutes needed (motorized transportation) to go from your house to the farm: _____ 

V16. Time in minutes needed (motorized transportation) to go from your house to the nearest extension 

office: _____ 

V17. To whom do you sell your potato production? 

 1= Direct sale ______ 

 2= Potato broker ______ 

V18. Time in minutes needed (motorized transportation) to go from your house to the market where 

you sell your potato production: _____ 

V19. Which of the following goods/services do you own? 

Goods / Services 0= No  1= Yes 

TV set  

Refrigerator  

Land line  

Cellphone  

Cars: 1= one; 2= two; 3= three or more  

Washer  

Microwave  

Home drinking water  

Toilet room inside the house  

Computer  

Beef and dairy cattle: 1= 1-10; 2=11-20; 3=21-30; 4= 

more than 30 
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MODULE 2: POTATO PRODUCTION 

 

V20. Write down the features of each potato plot for the last production cycle.  

 

POTATO PRODUCTION 
PLANTED 

AREA 
SEED HARVEST POTATO FOR SALE SEED 

- Number of the plot 

- Use a row for every potato 

variety cultivated. 

Plot size in 

hectares 

Quantity of seed 

planted in quintals 

Quantity of 

potatoes harvested 

in quintals 
Quantity and retail price of potato for sale 

Quantity of potato 

kept to be used as 

seed. 

Plot Variety Plot size Quantity 
Thick potato 

Thin potato 

Quantity Retail price Quantity 

Thick Thin Thick Thin Thick Thin 
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MODULE 3: TECHNOLOGICAL PROCESS OF POTATO PRODUCTION 

 

V21. Most serious potato pests observed in the last potato production cycle 

 

Pest Severity of damage 

% 

¿Has it been a problem in the 

past? 1= Yes  2= No 

Andean weevil   

Tuber moth   

Leaf miner    

Late blight   

Slug   

   

 

V22. Pest control techniques used for the biggest potato plot in the last potato production cycle. Plot size planted 

with potato__________ 

 

A. Andean weevil 

Control 

# 

 What do you do to control this 

pest? 

Where did you 

learn this 

technique? 
Unit Quantity 

Unit Cost 

$ 

Total 

Cost $ 

Technique Product 

        

        

        

        

        

        

        

* Please include labor cost 

 

B. Tuber moth 

No. 

control 

 What do you do to control this 

pest? 

Where did you 

learn this 

technique? 
Unit Quantity 

Unit Cost 

$ 

Total 

Cost $ 

Technique Product 
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* Please include labor cost 

C. Leaf miner 

Control 

# 

 What do you do to control this 

pest? 

Where did you 

learn this 

technique? 
Unit Quantity 

Unit Cost 

$ 

Total 

Cost $ 

Technique Product 

        

        

        

        

        

        

        

* Please include labor cost 

D. Late blight 

Control 

# 

 What do you do to control this 

pest? 

Where did you 

learn this 

technique? 
Unit Quantity 

Unit Cost 

$ 

Total 

Cost $ 

Technique Product 
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* Please include labor cost 

 

 

MODULE 4: POTATO PRODUCTION COST 

 

V23. Potato production cost for the biggest potato plot in the last cycle.  Plot size planted with potato__________ 

 

Inputs and production activities Unit Quantity  

Cost in U.S. dollars  

Unit cost Subtotal 

1 2 3 4 5 

Land preparation:     

Plow and track hour    

Track hour    

Furrow planting daily wage    

Andean weevil traps daily wage    

Cardboard for Andean weevil traps unit    

Labor for Andean weevil traps daily wage    

Storehouse of seeds* quintals    

Seed (variety) quintals    

     

Fertilization:     

Fertilizers:     

 quintals    

 quintals    

 quintals    

 quintals    

 quintals    

 quintals    
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Labor daily wage    

Input transportation freightage    

     

Cultural practices:     

Labor “retape” daily wage    

Labor half hilling-up daily wage    

Labor hilling-up daily wage    

     

Harvest:     

Bags bags    

Twine roll    

Output transportation  freightage    

Labor for harvesting daily wage    

Land cycle    

Potato production:   Retail price in U.S. 

dollars 

   Unit price Subtotal 

Thick quintals    

Second quintals    

Third quintals    

*V24. Did you use storagehouse of seeds? Yes______No______ 
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MODULE 5: KNOWLEDGE AND USE OF IPM IN POTATO PRODUCTION 

 

V25. Knowledge and use of IPM to control potato pests  

 

Knowledge and use of IPM in potato production 

Do you know about it? Using 
Had ever 

used 

For how long? 

Why did you stop 

using it? 

Yes 
Where did you 

hear about it? 
No Yes No Yes No From To 

A. Andean weevil           

1.1. Pest life cycle    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.2. Life stage pest should be controlled    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.3. Traps           

1.4. Baited plants           

1.5 Dispose of diseased plants in the field           

1.6. Use pesticides according to 

recommendations 

          

B. Tuber moth           

1. Storage control           

1.1. Storehouse of seeds           

1.2. Disinfection of seeds with pesticides           

1.3. High quality seed           
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2. Controls in the field:           

2.1. Pest life cycle    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

2.2. Life stage pest should be controlled    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

2.3. Pheromone traps           

2.4. Recommended hilling methods           

2.5. Dispose of residues in the field           

2.6. Foliage cut back           

2.7. Crop rotation           

2.8. Early harvests           

2.9. Irrigation           

C. Leaf miner           

1.1. Pest life cycle    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.2. Life stage when pest attacks    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.3. Life stage pest should be controlled    XXX XXX XXX XXX XXXXXX XXXXXX XXXXXXXXXXX 

1.4. Yelow fix traps           

1.5. Yelow mobile traps           

1.6. Low-toxicity pesticides           

 

V26. Knowledge and usage of IPM to control potato pests 
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Knowledge and use of IPM in potato production 

Do you know about it? Using 
Had ever 

used 

For how long? Why did you stop 

using it? 

 
Yes 

Where did you hear 

about it? 
No Yes No Yes No From To 

D. Late blight           

1.1. Pest life cycle    XXX XXX XXX XXX XXXXX XXXXXX XXXXXXXXXXX 

1.2. Pest severity    XXX XXX XXX XXX XXXXX XXXXXX XXXXXXXXXXX 

1.3. Percent of damage pest can be controlled     XXX XXX XXX XXX XXXXX XXXXXX XXXXXXXXXXX 

1.4. Resistant varieties            

1.5. Use fungicides with different active 

ingredients 
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V27. If you have experience using potato IPM, how are the yields, retail prices, production costs and 

profits compared to those of the conventional approach? 

 

V28. Which are the benefits and/or problems that you have observed with IPM implementation 

compared to what you did while using the conventional approach?  

Benefits Problems 

  

  

  

  

  

 

MODULE 6. ACCEPTANCE OF IPM COMPONENTS 

 

V29. Will you continue using IPM? 1 = Yes _____  2 =  No _____ 

¿Why? ¿Why not? 

  

  

  

  

 

 

Items Less than Equal Greater than 

Yields    

Retail price    

Production cost    

Profit    
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MODULE 7.  TRAINING ON IPM COMPONENTS 

 

V30. Where did you learn about IPM?  

1= Farmers field schools (FFS)   _______    Organized by: _____________________________  

2= Field days        _______    Organized by:  ____________________________ 

3= Observation visits   _______    Organized by::_____________________________ 

4= Extension agents visits  _______    Organized by:: _____________________________ 

5= Pamphlets    _______ 

6= Media    _______ 

     (Radio, TV or newspaper)  

7= Direct observation   _______ 

8= Other____________________ _______ 

 

 

V31. Do you think the IPM training received until now has been enough? 1 =  Yes _____    2= No _____ 

V32. If you think it has not been enough, in which topics would you like to receive more training?  

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

V33. Have you taught other farmers what you know about IPM? 1=Yes _______  2=No _______ 

V34. If you have, how many people?:___________ 

V35. If you have, to whom? 

__________________________________________________________________________________ 

__________________________________________________________________________________ 
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V36. If you have not, why? 

__________________________________________________________________________________ 

____________________________________________________________________________________ 

V37. In which stage of the crop you should put the traps to control Andean weevil?  

1= Before planting       ________   

2= Before pest appears ________   

3= Both     ________ 

V38. How often do you change the branches used for the traps? 

1= Weekly    ________  

2= Every two weeks ________  

3= Every three weeks      ________  

4= Other                  ________ 

V39. In which part of the plant do you spray pesticides to control Andean weevil? 

1= The whole plant _________  

2= Ander the foliage  _________ 

3= Other     _________ 

V40. Which practices do you use to store seeds? 

1= storehouse of seeds  __________ 

2= Exposure of potato to the sun __________ 

3= 1 and 2   __________ 

4= Loosely woven bags  __________ 

V41. In which cases do you use systemic and protectants pesticides to control late blight?  

Systemic pesticide for control _____________ 

Protectant pesticide for prevention_____________ 

Systemic pesticide for prevention _____________ 
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A mix of both   _____________ 

V42. In which life stage of the Andean weevil it should be controlled? 

1= Larvae    ________  

2= Adult  ________  

3= Both  ________ 

V43. In which life stage of the tuber moth it should be controlled? 

1= Larvae    ________  

2= Adult   ________  

3= Both  ________ 

V44. In which life stage of the leaf miner it should be controlled? 

1= Larvae    ________  

2= Adult  ________  

3= Both  ________ 

V45. After what percentage of damage caused by late blight you should control it? 

1= Less than 1% ________ 

2= More than 1%     ________  

3= More than 2%     ________ 

V46. When you buy a pesticide, how do you ask for it in the pesticides store? 

1= Active ingredient ________ 

2= Brand name  ________ 

3= According to the pest ________ 

V47. What have you observed after diminishing the use of pesticides? 

1= Reduction production cost    ________  

2= Better control of pests    ________  

3= Both                             ________ 

4= None of the above   ________ 
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V48. Regarding your health and your family’s health, what have you observed after diminishing the use 

pesticides? 

1= Decreasing headache events ______ 

2= A better mood   ______ 

3= Work with greater agility ______ 

4= None of the above  ______ 

V49. Are you familiar with the label colors of pesticides and the meaning of that information? 

1 =  Yes_______ 2= No_______ 

V50. If you are, please write them down 

Red  ________________________________________ 

Yellow  ________________________________________ 

Blue  ________________________________________ 

Green  ________________________________________ 

V51. How do you prepare the equipment to spray pesticides? 

1= Check the pump ______ 

2= Nozzles calibration ______ 

3= Other   ______ 

V52. Do you use protective gear when spraying pesticides? 

1. Yes_______ 2. No_______ 

V53. If you do, specify your used gear 

1= Boots  _________ 

2= Mask  _________ 

3= Gloves _________ 

4= Poncho _________ 

5= Glasses _________ 
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6= Other __________________________ 

V54. While you are spraying pesticides, which of the following activities do you do at the same time? 

1= Eat  ________ 

2= Smoke ________ 

3= Drink water ________ 

4= None  ________ 

V55. Where do you storage the pesticides? 

1= Cellar   _______ 

2= In a closed box _______ 

3= Inside the house _______ Where?_______________ 

4= Other   ___________________________ 

V56. After spraying the pesticides, where do you wash and store the spray pump? 

1= In the house  ______________ 

2= In the plot  ______________ 

3= In the irrigation ditch ______________ 

4= Other  ___________________________ 

V57. After spraying pesticides what do you do with the used containers? 

1= Buried them ________Where?________________ 

2= Burn them  ________Where?________________ 

3= Other  _____________________________ 

 

MODULE 8. ADDITIONAL QUESTIONS ON PESTICIDE USE AND IPM 

 

V58. Have you or any of your employees been sick in the last year due to pesticide use?  1= Yes  _____

 2= No  _____ 
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V59. How many work days have you missed in the last year as a result of sickness due to pesticide use? 

_____   

V60. Is labor availability a problem for IPM implementation? 

1= Yes _____  2= No _____ 

V61. How many years have you been using IPM? _____  

V62. Of the following options, which of them have influenced your decision to adopt IPM. Please, 

arrange them using an importance scale, being 1= very important and 10= not important at all. 

1= Health reasons   _____   

2= Environmental reasons  _____ 

3= Profit     _____ 

4= Consumer’s preferences   _____ 

5= Better pest control  _____ 

6= Other    __________________________ 

 

V63. Do you think IPM is better than other methods?   

1= Yes  _____  2= No _____ 

V64. If potato retail price increases by 20%, are you more likely to use more IPM?    

1= Yes  _____  2= No _____ 

V65. If the retail price of pesticides increases by 20%, are you more likely to use more IPM?  

1=  Yes _____  2= No  _____ 

V66. Do you like the quality of the potato variety resistant to late blight?  

1= Yes  _____  2= No  _____ 
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MODULE 9. CHANGE OF PRODUCTION ACTIVITIES OVER TIME 

 

V67. How many hectares of potato did you grow 5 years ago? _______________ 

V68. If nowadays, you grow less potato than 5 years ago, please indicate the reasons: 

1= High cost of potato production           ________ 

2= Low potato retail price in the market ________ 

3= High risk    ________ 

4= Too much pests   ________ 

5= Other  _______________________ 

V69.  Besides potato production, what other productive activities do you devote your time to?  

1= Dairy cattle    Liters of milk per day _________ 

2= Other crops 

3= Other ________________________________ 

V70. How many head of cattle did you have 5 years ago?______________ 

V71. How many head of cattle do you have now?______________ 

V72. Other than potatoes, which crops did you grow 5 years ago? 

         ______________  

         ______________ 

         ______________  

         ______________ 

V73. Other than potatoes, which crops do you grow nowadays?        

         ______________  

         ______________ 

         ______________  

         ______________ 
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APPENDIX D: ORDERED PROBIT – MARGINAL EFFECTS FOR SIGNIFICANT 

VARIABLES 

 

Variables IPM_CTG4 IPM_CTG3 IPM_CTG2 IPM_CTG1 

FHEALTH 

-0.05573* 

(0.03378) 

-0.01950 

(0.01207) 

0.01429 

(0.00904) 

0.0609*4 

(0.03694) 

WEALTHI 

0.01908* 

(0.01098) 

0.00668* 

(0.00393) 

-0.00489 

(0.00301) 

-0.02087* 

(0.01195) 

INFDIF1 

0.40102*** 

(0.07013) 

0.14034*** 

(0.02570) 

-0.10283*** 

(0.02838) 

-0.43853*** 

(0.06742) 

INFDIF2 

0.27383*** 

(0.06703) 

0.09583*** 

(0.02288) 

-0.07021*** 

(0.02340) 

-0.29944*** 

(0.06682) 

INFDIF3 

0.27170*** 

(0.05747) 

0.09508*** 

(0.02132) 

-0.06967*** 

(0.02105) 

-0.29711*** 

(0.05822) 

INFDIF4 

0.23408*** 

(0.05943) 

0.08192*** 

(0.02144) 

-0.06002*** 

(0.02021) 

-0.25597*** 

(0.06116) 
Significance levels:   * 10%   ** 5%   ***1% 

Standard errors in brackets 

 


