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This dissertation assessed the potential adoption, and the inhibiting constraints to adoption, 

of non-pesticide crop protection technologies in Andean livelihood s ystems and the effects of 

land use intensification (due to continuous cropp ing, improved varieties and shorter interfield 

distances) on the d istribution o f the Andean po tato weevil.  A  survey indicated t hat p lating a 

second year of potato was not problematic as farmers still ob tained reasonable yields and 

moderate potato damages.  Early harvest of improved po tato due to market conditions, which 

accounts for most second year fields, was a factor to control damage, while the decomposition of 

weeds and grasses supported fertility the second year.  Potato fields were infested at least twice 

as often as fields rotated from potato (even with volunteer po tatoes) and fallow fields.  An 

important weevil edge effect makes these areas good targets for eradication.  A sampling design 

to estimate overwintering populations was developed and allows better assessment. Tubers that 

are farther from the plant stem in a direction perpendicular to the hill were less likely to become 

infested making this a potential research topic by plant breeders and emphasizes the importance 

of changes in po tato cultivars on weevil densities.  The study of weevil movement predicted that 

closer-spaced fields due to agricultural intensification and increases in temperature and relative 
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humidity should increase the colonization potential of the Andean potato weevil.  A better 

understanding of constraints to adoption is necessary for the design of appropriate alternatives 

that ameliorate the effects of intensification.  F urther, d ifferent farm household compositions 

affect the adop tion of crop protection differently.  The most important characteristic for crop 

protection was damage reduction and the benefits changed with the producer/consumer ratios in 

the life cycle of the peasant household.  C onsideration of this characteristic will allow designing 

more effective crop protection technologies.  
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CHAPTER 1 
INTRODUCTION 

Background 

In the Andes, the demographic collapse brought by the arrival of Spaniards as the result of 

the introduction of diseases among other factors caused a substantial increase in the availability 

of agricultural land and a low availability of labor giving r ise to a communal tenancy 

arrangement that was based on the abundance of land.  This system consisted of assigning 

parcels to farmers within a sector (a large area of land) for a crop rotation by the community 

(Cotlear, 1989).  As population pressures increased drastically in the last half of the twentieth 

century (Eckholm 1975) and land became scarcer, an intensification1 of the use o f land in the 

form of shorter fallows, longer cropping cycles, and higher use of inputs has occurred (Mayer 

1979, Mayer 2002).  This has been accompanied  by the breakdown of communal management 

that has resulted in the fragmentation of fields, asynchronous crop rotations, and has implied a 

reduction of the distances between crop fields (Mayer 1979).  A synchronous c rop r otation is 

expected to provide a constant source of potato plants at shorter field distances and these 

conditions have been implied to increase the successful spread of potato pests and pathogens 

(Orlove et al. 1996).  In potato crops, interfield distances have been shown to be inversely related 

to colonization rates by the Colorado potato beetle (Leptinotarsa decemlineata) and Alternaria 

spp. (Weisz et al. 1994, Sexson and Wyman 2005, Boiteau et al. 2008).  

The introduction of innovations such as insecticides, fertilizers and high yielding varieties 

in Peru in the twentieth century has further a llowed a gricultural intensification inc luding 

continuous cropping.  Continuous cropp ing is well known to r esult in soil impoverishment, 
                                                 
1 Agricultural intensification is defined as a change in agricu ltural land use pattern which allows for an increase in 
the amount of food production per unit of land (Boserup, 1965). 
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weeds, and pest problems (Beets 1990).  In continuous cropping, pest and pathogen problems are 

generated mainly from the presence of these organisms’ inoculums in fields from the preceding 

crops. For example, early blight (Alternaria solani) has been reported to be more prevalent under 

continuous cropping practices (Olanya et al. 2009).  This is also the case for Globodera spp., a 

parasitic nematode, that  can survive as cysts for several years in soil where potato has been 

cultivated and becomes problematic with shorter fallow cycles (Blanco 1994).  Likewise 

continuous potato cropping has favored an increase in the populations of potato flea beetles 

(Epitrix tuberis) in North America and is also expected to have exacerbated Andean potato 

weevil infestations (Premnotrypes spp.) in the Andean mountain range (Ortiz et al. 1996).  

Agricultural intensification can also occur through the use of high yielding improved varieties 

(Wiegers et al. 1999) which may impact the ability o f pa thogens and pe sts as the result of 

changes in the morphological and physiological; characteristics of standing crops (Apple 1972).   

Intensification not only affects pest pop ulations but decreases natural vegetation which 

may enhance agroecosytem biodiversity, and harbor beneficial arthropods and the pest’s natural 

enemies (Altieri and Nichol 1999).  C hanges in pe st, pa thogens and natural enemy dynamics are 

likely to a ffect the stability and sustainability of agroecosystems (Altieri and Nicholls 2004).  A 

better understanding of the impact of intensification on agricultural pest dynamics, in particular 

of the Andean Potato weevil, possibly the most important pest in the Andes a altitudes above 

3,000 meters, can help forecast future pest problems that may arise under extreme cropping 

conditions resulting from lower land to man ratios.  Lower land to man ratios can result both 

from higher population pressures and land degradation, two conditions that are becoming more 

prevalent especially in third world countries (Pinstrup-Andersen and P andya-Lorch 1998).  A 

better understanding of pest dynamics under different degrees of intensification, and farmer 
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diversity can be tter improve the design and effectiveness of cultural practices for the pest 

supp ression o f the Andean po tato weevil and enhance stability and sustainability in the Andean 

agroecosytem.   

The Problematic Situation 

Pesticide use is conducive to human health de terioration and death, insecticide resistance, 

groundwater po llution, and ecosystem simplification, which give rise to new pests (Pimentel et 

al. 1992).  Results from a pest management survey in the Peruvian Andes indicated that on 

average farmers sustain 23% potato damage and that 73% of potato farmers apply insecticides to 

control pests.  Furthermore, 70% of these farmers apply highly to extremely toxic products 

(Kuhne 2007).  Farmers in that study repo rted that among the p rincipa l p rob lems having an 

impact on potato production the Andean po tato weevil and late blight were the most important 

ones.  A pesticide socioeconomic study in Ecuador has found high insecticide contamination 

rates among Ecuadorian potato farmers which impact farmers’ health (Crissman et al. 1998).   

Integrated Pest Management has been proposed as a viable alternative to the use of 

insecticide s worldwide however de spite its introduction forty years ago pesticides still plays a 

main role in crop protection worldwide and their use is on the rise in third world countries 

(Bajwa and Kogan 2003).  In last twenty years there has been a steady increase in the number of 

IPM initiatives in international agricultural centers and o ther institutions in the developing world; 

however it has been characterized by a slow adoption of IPM constrained by a variety of reasons 

including technical, institutional, cultural, economic., educational, informational and po litical 

(Norton 2005).  In order to improve IPM uptake a better understanding of decision making in 

pest management is necessary (Meir and Williamson 2005) .  On decision making a study in the 

Andes o f Peru seems to indicate that that IPM related knowledge is acquired through integration 
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of scientific information and local knowledge which provides insights to pest related processes 

that occurred within the farmers’ fields.  The flexibility for pest management decision making 

provided by this knowledge is still bounded by the farmers’ particular socioeconomic, farm 

conditions (Ortiz 1997).  In the Andes socioeconomics and farm conditions a re like ly to vary 

widely due to the presence of a wide range of livelihood systems and strategies.  Diversification 

of household activities allows small farmers to reduce their production risks and be resilient 

under adverse circumstances including unstable markets political environments and c limate 

(Valdivia 2004).  Diversification is likely to complicate the adop tion of IPM as it requires that 

the new pest management technologies find niches within complex livelihood strategies and not 

interfere with other activities that enable farmers to survive.  In order to better understand the 

appropriateness of a technology it is necessary to e valuate it within a particular context as 

opposed to the controlled conditions of a research station.  This is also the case for crop 

protection (Putter 1987) 

Objectives and Research Questions  

The main goals of this study are to understand how to better assess the potential adoption 

and the inhibiting constraints to adoption of non-pesticide crop protection technologies in 

Andean live lihood s ystems and to be tter understand t he e ffects o f land use changes in the 

landscape distribution of the Andean potato weevil to opt imize the efforts for the control of this 

pest.  The following hypotheses/research questions were formulated to address these two main 

objectives: 

• What are the key drivers for the adoption of continuous potato cropping? 

• The resource base o f farm households is expected to c hange dur ing its life cycle and hence 
the ability of a household to adop t crop p rotection technologies should vary with the 
technology characteristics and t he stage o f the household life cycle.  O lder households with 
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more labor and capital will be more likely to adopt technologies than younger and more 
stressed households. 

• It is hypothesized that larger po tato p lant pop ulations in po tato fields should make po tato 
fields more important overwintering sources for Andean potato weevil at the landscape 
level than fields that house volunteer p lants that have been rotated from po tato to another 
crop.  S imilarly, it is expected that there will be an interaction be tween po tato field 
cropp ing intensity and time of harvest.  Potato fields planted after a year in po tato and 
harvested late should contain the highest overwintering de nsities of weevils. 

•  The clumped d istribution of wild potato p lant patches is likely to have had an important 
influence in the evolut ion o f the olfactory system o f the Andean pot ato w eevil, it is 
expected that in order to increase the success in colonizing potato patches weevils should 
have long ranges of detection of host plants and will tend to use some ranging mechanism 
in order to d isperse effectively. S imilarly, it is expected that changes in temperature should 
increase the range of dispersal of this arthropod under appropriate moisture levels.  

• It is hypothesized that the distribution of the tubers within a hill should impact the ability 
of weevil larvae for their colonization as the result of both adult weevil behavioral patterns 
and the larvae ability to find the tubers.  It is expected that tubers farther away from the 
plant and that are located deeper in the hill should be less susceptible to weevil 
colonization damage. 

Additional complementary objectives of this dissertation are to: 

• Develop a methodo logy to e valuate the amount of overwintering weevils on farmers’ fields 
to optimize the control efforts to high abundance weevil areas. 

• Develop a n e thnographic linear p rogram for the evaluation o f technologies in the Central 
Andes of Peru under different farm household compositions and livelihood strategies. 

• Develop a model to help forecast the effect of the changes in climate and land use pattern 
in the dispersal and movement parameters of the Andean potato weevil. 

• Build a model to help plant breeders to assess tuber spatial characteristics that may 
constrain their colonization by weevil larvae. 

Study Sites  

This research takes place in two communities: the community of San José of Aymará and 

the community of Ñuñunhuayo (Figure 1-2) in the highlands of the Mantaro River watershed, in 
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the departments of Junín and Huancavelica respectively.  These two communities were selected 

because they have differences in their potato cropping intensities.  Aymará is mostly 

characterized by a continuous potato cropping system and an individual management of fields, 

while Ñuñunhuayo is characterized by only one year of potato cropping and a higher degree of 

communal management of potato fields.  Biological work was conducted in both communities.  

The soc io-economic work was conducted in the community o f Aymará only as this community is 

characterized by a relative high use of insecticides and had previously been trained in the use 

non-chemical methods for the control of the Andean Potato Weevil by the International Potato 

Center (CIP).  An additional reason to c hoose these communities was that both communities 

maintained a t the time of the research links to the International Potato Center which reduced the 

time needed to become known to the community members and to reduce logistical costs.   

Methodology and Theoretical Frameworks 

In order to meet these objectives, a multidisciplinary approach was required.  From the 

social point of view, this dissertation draws on the livelihood systems framework.  The 

livelihood s ystems framework (Ellis 2000) addresses the concerns of smallholder diversity by 

systematizing s mallholders on the basis of their livelihood s trategies.  Livelihood strategies 

comprise the subset of activities chosen by a household from a larger poo l of activities that form 

a livelihood s ystem.  This combination of activities aims to satisfy as many as possible of the 

household consumption and cash generation needs and reproduction activities (Norman 1983).  

Smallholders’ access to stocks originating from five types of capital (social, human, financial, 

physical and natural) is an important de terminant of household livelihood s trategies.   

This framework is used to evaluate what are the drivers for peasants to adopt continuous 

potato cropping practices, which in turn would be linked to increased Andean potato weevil 
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population and intensified use of pesticides  This is done through the use of a survey in Aymará, 

a community where a high level of continuous cropping is present.   

The framework was further used to evaluate the potential for the adoption of  non chemical 

crop protection practices.  This is done by looking at the farm household as the experimental unit 

of analysis aiming to accomplish some minimum subsistence requirements and thereafter by 

trying to maximize discretionary cash.  This was evaluated with the use of a linear program 

model of ethnographic nature (Hildebrand et al. 2003).   

The dissertation also draws from the landscape ecology (Turner, 2003 ) and tries to link 

processes at weevil behavioral ecology to the pattern seen at the landscape level (Lima and 

Zollner 1996).  This is done by a series of modeling a nd s imulation too ls to simulate adult 

weevils’ movement under different landscape configurations and c limatic conditions.  Similarly 

series of soil sampling s urveys to determine the distribution of the overwintering stages of the 

Andean potato weevil within and among potato fields characterized by different cropping 

intensities was conducted.  A t a finer scale at the po tato hill level the distribution of larvae in 

relation to the potato tubers was modeled spatially.  

Relevance 

The potato is one of the most important crops in the Andes and in certain areas is a highly 

sprayed crop (Arica et al. 2006).  This is problematic in a region containing both high 

biodiversity and biological endemism (Conservation International 2009, Flynn et al. 2009) as 

pesticide use has been reported to play a role in wildlife species losses (Gibbs et al. 2009).  

Similarly, pesticides are likely to d isrupt ecosystem services which include control of insects by 

both invertebrate and vertebrate natural enemies and provide stability on the agroecosytem 

(Altieri and Nichols 2004). A better understanding of crop protection adoption and of the 
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Andean potato weevil ecology, one of the most damaging potato pests in the Andes highlands, 

will be one step towards lowering the use of insecticides across the Andes while achieving 

sufficient levels of control to protect and make profitable bo th native and improved po tato 

cultivars.  A reduction in the use of insecticides is essential for clean water and healthy soils, 

which are critical elements of a stable and functioning ecosystem (Pimentel et al. 1992)  and most 

important to reduce risk on farmers health (Crissman et al. 1998). 

 

Figure 1-1 S ystems d iagram for the overall interactions between land use and pest incidence. 
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Figure 1-2. Location of the Aymará and Ñuñunhuayo communities. 
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CHAPTER 2 
LIVELIHOOD SYSTEMS AND CONTINUOUS POTATO CROPPING IN AN ANDEAN 

COMMUNITY 

Introduction 

In the Andes, t he de mographic collapse brought by the arrival of Spaniards as the result of the 

introduction of diseases caused a substantial increase in the availability o f agricultural land and a 

low availability of labor.  In order to manage the limited supply of labor the Spanish created two 

institutions: the encomienda and later the reducciones.  The reducciones concentrated the Indians 

in settlements to allow the Spaniards to Christianize them, tax them, and use their labor (Dollfus 

1982).  These settlements, in addition to some Ayllus (the basic political and social units of the 

Inca empire), have been cited as the predecessors of today’s peasant communities (Cotlear 

1989). 

Cotlear (1989) describes the evolut ion o f land tenure in P eru’s Andean agro ecosystems by 

shifts in the proportions of three elements or circles. The inner circle is composed of land that is 

close to the lower areas of the communities (where the houses are typically located). These lands 

are fertile, cropped continuously, and maintained as private property.  The second or middle 

circle is characterized by land o f medium fertility that is cultivated privately under some 

restrictions, and grazed communally.  The use of this land consists of the assignment of a parcel 

within a sector (a large area of land) to a household for a crop rotation cycle by the community.  

Farmers cultivate these parcels under a series of restrictions imposed by the community, 

including crop rotation patterns, lengths of fallows and da tes of planting (Mayer 2002).  These 

sets of rules provide for the maintenance of land fertility and protection from pests and 

pathogens (Zimmerer 2002 ).  The third or outer circle is located a t the highest altitudes of the 

communities and is characterized by lands of poor fertility, communal management, and an 
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exclusive use for grazing.  In the last century scarcity of land has lead to a form of agricultural 

intensification2 by which land use is shifted from that o f the intermediate circle to that of the 

inner circle. 

During colonial times the most cited reasons for the intensification o f land use in A ndean 

communities has been a lower land to person ratio resulting from a reduction in agricultural land 

due to t he encroachment of the Haciendas into Indian community land and the deterioration of 

the Incas’ agricultural infrastructure such as irrigation channels and terraces (Cotlear, 1989).  

Agricultural intensification in the last century has resulted from an increase in peasant 

populations and the increments of the amount of land cultivated by peasant families to satisfy the 

acquisition of goods from the markets as communities become connected to cities. 

  Agricultural intensification  can occur in the form of shorter fallows, longer cropping 

cycles, adoption of improved varieties  and higher use of inputs (Mayer 1979, Mayer 2002).  The 

introduction o f innovations such as insecticides and fertilizers during t he mid twentieth century, 

has further allowed the decrease of fallow cycles and  (momentarily) increases the quantity o f 

agricultural land available for cropping (Cotlear 1989).  Longer cropping cycles which include 

monocropping practices, are well known to have adverse effects on crop health and result in soil 

impoverishment, weeds, and pest problems (Beets 1990, Altieri 1995).   

  In  North America, potato continuous cropp ing has resulted in an increase in the densities of 

tuber flea beetles (Epitrix tuberis) due to the presence o f overwintering pop ulations in the fields 

(Kabaluk and Vernon 2000).  S imilarly, early b light (Alternaria solani) has also been reported to 

be more prevalent under continuous cropping practices both in fields and experimental settings 

                                                 
2 Agricultural intensification is defined as a change in agricu ltural land use pattern which allows for an increase in 
the amount of food production per unit of land (Boserup 1965).  
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(Weisz et al. 1994, Olanya et al. 2009).  Unlike early blight which can survive in infected tubers 

and debris between seasons, late blight (Phytophthora infestans) is restricted to the potato t issue 

and can become a source of inoculum due to the presence of unharvested potato tubers which 

give rise to infected volunteer plants (Fry 1994).  Likewise, the abandonment of long fallow 

cycles in some areas of Peru has been cited as the reason for one of the highest parasitic 

nematode population densities worldwide (Thurston 1994).  Cyst nematodes (Globodera spp), 

important parasites of potato, can survive as cysts for several years in the soil where potatoes 

have been cultivated (Blanco 1994). 

Longer cropping cycles not only result in higher pest and pathogens overwintering 

populations but in a reduction of between field distances.  Shorter potato interfield distances and 

have been reported to result in higher rates of field colonization by the Colorado potato weevil 

(Leptinotarsa decemlineata) in the United S tates and Canada (Sexson and Wyman 2005, Boiteau 

et al. 2008) .  In South America the close relation of the Andean potato weevil  to the potato 

plant (Durand 2001) is a factor contributing to the permanence of the weevils in the soil of potato 

fields.  Longer continuous potato cropping are expected to have exacerbated Andean potato 

weevil infestations in the Andes (Ortiz et al. 1996).   

  The expected adverse effects due to pathogens or pests have not stopped the use of 

continuous cropping practices in the Peruvian Andes.  Continuous potato cropping is likely the 

result of two factors: 1) a lack o f availability of land, thus forcing farmers to crop land despite 

soil erosion and pest and pathogen losses; or 2) farmers’ perceptions of small losses of soil 

fertility offset by the benefits inherent to continuous potato cropping practices.  For example 

Mayer (1992) reports that in the Andes seeding a second year of potatoes might lower the 

amount of labor and time needed per sack of potato seeded and are more likely to be encountered 
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at lower altitudes in more fertile soils.  In the community of Aymará (Huancavelica, Peru), 2-3 

years of continuous po tato p lanting is a common practice.  This community represents a good 

candidate for studies trying to understand reasons that may be driving farmers to plant potato 

continuously.  A better understanding of the farmers’ reasons to use continuous potato cropping 

practices allows better targeting and prioritizing the problems that might be associated with 

them.   This chapter has three objectives:  

1. First to describe the area where most socioeconomic research for this dissertation was 
conducted;  

2. Second to provide a description of the livelihood s ystem that will be used to furnish the 
information for the development of an ethnographic linear program model (in  Chapter 
Five); and  

3. Third to understand what factors determine the practice of continuous potato planting in 
Aymará.   

The Mantaro Valley 

 The community o f San José de Aymará is the subject of this study and forms part of the 

Mantaro basin (Figure 2-1), which is located in the Central Andes of Peru, and extends to the 

departments of Junín, Pasco, Huancavelica, and Ayacucho, the most important departments in 

terms of potato production.  According to the Thornthwaite climate classification, most of the 

basin varies from semi humid conditions to humid conditions, with the exception of the southern 

part that presents dry climate regimes (Silva et al. 2006).  In the Mantaro river basin there are 

approximately 339,000 hectares under cultivation of which only 29% have access to irrigation 

(Martínez et al. 2006).  Most of the irrigated land is on the lower flat areas of the valley, while 

most of the upper areas are usually rain fed (Horton 1987).  Areas with access to irrigation o r 

humid areas may be seeded earlier and/or continuously.  Agriculture represents a major source of 

employment as over half (54.6% ) of the economically active pop ulation participate in this 
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activity (Martínez et al. 2006).  Land in the Mantaro valley is dominated by small farms with 

areas spanning from less than a hectare to no more than six hectares (Coronado 2004). Small 

farms are dispersed among different types of ecological niches, while large commercial farms are 

largely located in the low and high zones o f the valley (Horton 1987). 

Strong seasonal variability characterizes the Mantaro basin, with maximum precipitation 

from January to March and minimum from June to July.  I t has been estimated that 92% of the 

annual precipitation occurs be tween the months of September and April, the months with the 

highest agricultural activity (Silva et al. 2006). Annual rainfall in the valley averages from 650 to 

1000 mm per year and is correlated with altitude (Mayer 1979). It is reported that droughts that 

last one or more years are rare and that late rainy seasons, as well as their interruption by dry 

spells, are not uncommon in the area (Mayer 1979).  Frost spells are common after May and 

limit crop production in the highlands of the Mantaro valley even if water is available and 

therefore crops in the highland areas are planted to finish their cycles before these months (Scott 

1985). 

The most important crop produced in the Mantaro valley is po tato (Solanum spp.).  In 

2001, Junín produced a total of 421,500 metric tons of potato, which accounted for 13% of the 

national production (Coronado 2004).  Junín has a potato average yield of 15 metric tons/hectare 

(MINAG 2003).  The lower areas of the Mantaro valley are characterized by the planting of 

mostly improved varieties, while the highlands include both improved and native varieties 

(Horton 1987).  Native varieties are more hail and frost tolerant than improved varieties, making 

them a safer investment in the higher areas of the Valley.  Native potatoes also store better than 

improved varieties and have higher acceptance for farmers’ consumption (Horton 1987).  In the 

Mantaro Valley the most cultivated improved varieties include: Andina, Amarilis, Canchan, 
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Libe rteña, Mariva, Maria Huanca, Perricholi , Revolución,  and Yungay; while the most 

important native varieties seeded include: Peruanita, Amarilla, and Huayro rojo (MINAG 2003).  

In add ition, t hree Andean tuber crops that are important for consumption and sale are: oca 

(Oxalis tuberosa), olluco (Ullucus tuberosus) and mashua (Tropaeolum tuberosum).  In 2001, 

Junín’s production of these Andean tuber crops was 8.9, 9.9 and 10.2 thousand metric tons, 

corresponding to 7.4, 13.8 and 28 % of the total national production respectively (Coronado 

2004).  The majority of the livestock in Junín are sheep (1.3 million head) while bovines (221 

thousand head) are the next largest (Coronado 2004).  The Mantaro valley is connected to P eru’s 

capital and its market through the central road that links the cities of Lima and Huancayo (310 

km apart).  The latter is the capital of Junín and is one of the most important commercial cities in 

the Central Andes, hosting a population of 466,000 inhabitants. 

Study Site 

San José de Aymará is located in the in the district of Pazos; province of Tayacaja; 

department of Huancavelica; latitude 12°13´S; longitude: 75°04´W.  The community covers 

1,216 hectares of land devoted to agriculture and grazing (Antezana et al. 2005).  Altitude ranges 

from 3,600 meters to 4,100 meters above sea level, and most farmland is located on slopes.  

Aymará has average minimum and maximum temperatures of 3.5°C/16.4°C, with an average 

monthly precipitation of 88.7 mm (Davies et al. 2005).  An analysis of a fallow field in Aymará 

characterized its soil as an Entisols with a sandy-loam texture, a pH of 3.6, and a low availability 

of phosphorous (Davies et al.2005).  

Methodology 

Three methods were used to help understand the livelihood system for this study:  informal 

ethnographic conversations, survey questionnaires , and a focus group with informants (Bernard 
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2002).  Informal conversations were conducted continuously while carrying out entomological 

field work, in order to build a profile of the livelihood system in the community of Aymará.  A 

focus group with three Aymará farmers, w ho usually work w ith the International Potato C enter 

(CIP) and have a good k nowledge o f the community, was conducted to gather information with 

regard to labor requirements for different cropping practices, and to avoid making the farmers’ 

survey burdensome.  Farmers in the focus group were asked to name all the activities for 

production of a particular crop and the amount of labor (days) involved for each activity per sack 

of potato seeded.  For the purposes of this study, a sack of seed and a sack of harvested potatoes 

each weigh 80 kilograms. A sack of potato seed will typically plant 800 square meters3(or one 

metric ton/ha).  Similar po tato de nsities have been reported in the intermediate zone (3450-3950 

masl) o f the Mantaro Valley by F ranco a nd Horton (1979) who reported potato planting densities 

of 1.2 metric tons per hectare.  

A questionnaire was developed and tested with the informant farmers to correct and to 

improve the wording.  Two years before the survey took place, a German team from the 

University o f Berlin had conducted a  farmers’ survey in the same community.  In order to use 

part o f their information, the same farmers were chosen for the s tudy survey.  F or their s tudy the 

German team invited community members to pa rticipate, and 41 o ut of 95 families were 

interviewed.  For the current study, 36 of these farmers were interviewed (Appendix A) at the 

end of January 2008, with the help of a team of 8 persons who had experience working with 

potato farmers and who were familiar with pest management. This included CIP technicians and 

farmers from the community.  The surveys covered household composition, crop production, 

land use, and pest management practices.  In order to estimate yields, farmers were asked to 
                                                 
3 The area typically seeded by a sack of potato seed is also commonly called a sack. 
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report the amount of crops they seeded and harvested in a typical year.  In the case of potato, this 

information was further divided according to potato type (bitter, native or improved) and type of 

planting.  Upon tabulation of results and their comparison with other estimates, it was realized 

that the estimated yield data were not accurate.  Estimating the amount of harvest by planting 

and potato type might have been too difficult for farmers.  In order to obtain more accurate data, 

one of the technicians in the project was asked to collect these data again, but this time by asking 

farmers to estimate average yields by type of crop a nd p lanting (Appe ndix B).  This also 

provided an opportunity to obtain additional information regarding continuous planting of potato.  

The technician was able to collect this information from only 29 of the 36 previously 

interviewed. 

Results 

Informal Ethnographic Conversations  

History of the community of Aymará and its former cropping practices 

Initially4, Aymará was an annex of the Pazos district. I ts inhabitants wanted to become 

independent, be cause they reported that the Pazos authorities would send them to faraway places 

from Aymará to conduct Pazos communal chores. In addition, young children had to travel to 

Pazos to attend the elementary school, which was inconvenient.  Approximately, in the 1950s the 

community was formed by 30 families. 

Previously, p lanting was conducted within sectors (40-50 ha communal areas).  Farmers 

were assigned a plot of land within the sector and farmers would seed their assigned parcels 

according to “their capacity” (labor and inputs).  The rotation cycle comprised native potatoes 

planted in tikpa, followed by oats, and thereafter by a fallow cycle of 8-9 years. It was reported 
                                                 
4 This information is based on an informal conversation with one of the eldest community members. 
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that in the lower parts of the community, po tatoes would be rotated with olluco and oca, 

followed by fallows of 6-8 years.  Frosts were intense and climatic conditions played an 

important role in crop production. The Andean potato weevil was not a problem; however 

cutworms were an important pest.  Most livestock in the community were sheep, and no 

fertilizers or pesticides were used until they were introduced by an NGO in 1960.  Currently, 

fields are owned by farmers, who can sell or trade them.  There is also some land owned 

communally (Antezana et al. 2005).  Farmers dictate the cropping patterns in their own fields, 

while the rotation patterns in the communal fields are managed by the community.  C ommunal 

fields can be rented to community members as well as to outsiders. Whenever a community 

member’s son reaches a certain age and marries, the household head will allocate him land and, 

he will become a member of the community.  After becoming a community member, a farmer 

will contribute one a day of labor for communal chores on a weekly or biweekly basis.  

San Jose de Aymará current cropping system 

The production system in Aymará caters to t he farmers’ home consumption and t he marke t 

(Figure 2-1).  The selling of Aymará’s agricultural goods occurs in two markets: Pazos, a nearby 

village, a nd t he c ity o f Huancayo.  Trucks owned by two community members transport 

agricultural products once a week to Huancayo.  The most common crops in terms of area seeded 

in Aymará are potatoes, olluco, oca, mashua and oats.  These crops are produced both for the 

market and for home consumption.  The use of po tatoes is different among improved varieties 

and native varieties. A higher proportion of improved varieties is destined to the market, while 

native ones are grown both for sale and home consumption.  F armers plant a number of native 

varieties for consumption.  The number of native varieties is high and therefore more appealing, 

as tastes differ from variety to variety. 
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Faba bean (Vicia faba), tarwi (Lupinus sp) and quinua (Chenopodium quinoa) are also 

produced but only in small quantities.  In Aymará, tarwi and quinoa are used only for self 

consumption, while faba beans are sometimes sold.  Oats are produced as livestock feed and for 

seed or sale of fodder.  Fodder can be sold harvested or standing.  Additionally, in the highest 

areas of Aymará, maca (Lepidium meyenii) is also produced by an Aymará farmers’ association. 

Small animals are produced for home consumption and include chickens and guinea pigs.  

Guinea pigs are kept in the farmers’ houses and fed food scraps and natural grasses.  Medium 

and large livestock are grazed all over both communities and only kept away from standing crop 

fields.  Animals may enter fields once harvested, where they feed on crop residue. 

In Aymará there is no restriction on the number of cattle that a farmer may have, and this 

puts pressure on land resources.  Livestock are grazed usually by women or by children, who are 

sent herding by themselves or in the company of adults.  Oats are cultivated, and the harvested 

grass is fed to livestock when there is a low availability o f pastures in the communities during 

the dry season.  Harvested oat seed is also fed to fowl or pigs.  Accumulation of manure occurs 

during the dry season, but during the rainy season manure is washed away. Sometimes manure 

piles are covered with plastic tarps in order to avoid this loss.  Farmers keep animals in corrals at 

night where manure is gathered.  Manure is used primarily for the production of potatoes and 

other Andean tuber crops (olluco, oca and mashua).  In Aymará, the manure comes primarily 

from livestock herds in the community, b ut lately the purchase of chicken manure from 

commercial operations is becoming more common for the production of improved potatoes.  

The cropping cycle can be divided into three main seasons: planting, crop maintenance, 

and harvest.  Planting starts in August and ends in early December.  During this period planting, 

hilling up, weeding and pesticide applications occur. The maintenance season spans from mid-
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October to February, during which the main activities include the spraying of pesticides (potato), 

hilling up, and weeding of the crop.  The harvest season starts in February and ends at the end of 

August.  In February, the crops that were seeded early in areas where humidity was available are 

the ones to be harvested first. 

Farmers in Aymará start harvesting the improved varieties prior to the native varieties and 

Andean tuber crops.  The reason behind this is that farmers try to beat the harvest rush, which 

increases the supply and leads to the fall of prices.  Huancayo market prices over four years 

(Figure 2-2) indicate that after March, both native 5 and improved varieties have a drop in price 

after which, p rices start to recuperate. It is in April that pr ices exhibit the largest standard 

deviations, a fter which standard deviations start to de crease.  This is likely related to the start of 

the harvest, w hich can pr esent de lays resulting from weather conditions 

  National potato harvests are highest during the first six months of the year, peaking in 

May, which registers 23% o f the national production. Total monthly harvests are mostly 

influenced b y harvests in the mountain ranges, which account for most o f the national 

production.  Planting, and consequently harvest, are mostly determined by the rainfall pattern in 

the Andes (Scott 1985)  Similarly, prices are inversely related to production.  Improved potato 

pr ices have been known to fall to US$ 0.05 per kilogram in previous years forcing farmers to 

abandon their crop in the ground, as prices will not even cover harvest costs (pers. obs.).  This 

effect has also been reported by Mayer (2002) in 1995-1996 after support prices, easy credit and 

subsidies were eliminated in 1991 by Fujimori’s government.  During harvest, the selection of 

the tubers for market occurs in the field. Farmers are constantly monitoring their crops, and they 

                                                 
5 Only information for improved varieties as a whole and the native variety “Amarilla” could be found   It is   
expected that the other native varieties for sale fo llow a similar pattern. 
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harvest parts or whole fields in the event that high weevil damage is imminent, otherwise they 

could wait until there are be tter prices in the market.  Most damaged tubers are harvested and 

consumed by the family or farm animals, unless they are damaged by pathogens, in which case 

they are left on the ground.  

Harvest transportation is provided by horses and donkeys, which are typically pooled 

among families to reduce the number o f t rips be tween the fields and the houses.  S or ting o f the 

tubers by s ize is usually do ne in t he back yards o f the houses.  Potato tuber sizes (also referred to 

as quality b y farmers) usually have d ifferent uses. F or example, primera and segunda are 

commercial sizes, which are sent to the market, while some segunda, tercera and cuarta sizes are 

commonly used as seed and for household consumption.  Weevil damaged potatoes are destined 

for household and livestock consumption and c huño production depending on the amount o f 

damage. 

Families store potatoes for later consumption and seed in a dark room.  Weevil damaged 

potatoes in the storeroom are usually consumed first in order to avoid the damage to progress.  

Farmers in Aymará sell potato tubers right after harvest.  It is a common be lief that storage for a 

later sale is conducive to a loss in quality and weight (MINAG 2003).  I n the month o f June, 

some farmers dedicate time to the production of chuño-- freeze dried potatoes--in Aymará. 

Damaged potatoes are used for this purpose as chuño conceals potato pest damage.  Chuño can 

be prepared from improved, native bitter or other native potato varieties.  Farmers mentioned that 

for each sack of chuño approximately 3 sacks of potato are used.  Chuño made from improved 

varieties may require a slightly higher amount of potatoes. 
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Farmers Focus Group Results 

Potato in tikpa 

This is a low-till planting system used throughout the Central and S outhern Andes of Peru 

(Ortiz pers. comm.).  A man with the help of a foot-plow cuts into a piece of fallowed soil 

leaving a small hole in t he ground.  I n the hole the woman p laces a po tato seed a nd t hen covers 

the hole with the cut soil.  Within one month o r be fore emergence, t he volteo or turn up takes 

place.  This process includes placing guano next to the seed and fertilizer between the seeds.  

Then the man cuts champas, which are squares of soil.  Men and women help to break down the 

champas on top of the seed.   

Weeding usually occurs two months after planting. S imilarly, uphilling follows three 

months after planting (depending on the size of the plant).  There are usually two or more 

insecticide applications.  The first one takes place after 50% o f the p lants have emerged, while 

the second occurs at 100% emergence. These applications are usually conducted on a scheduled 

basis, while additional applications are usually conducted by evaluating the weevil damage.  An 

important reason given by farmers for using tikpa for native potatoes is that these potatoes taste 

better with this planting system (Oswald et al. 2009).  Tikpa is seeded only on fallowed land and 

tends to constrain tubers to near the plant due to the hardness o f the soil.  

Potato in barbecho 

Soil that has been fallowed is prepared during the rainy season, usually in t he months o f 

February to March. This can be done by tractor, foot- or ox-driven plows. In the case of land 

preparation by foot plow – the most common in the community–the man usually br eaks the 

ground into large p ieces and the woman turns them over.  A fter this, the terroneo takes place 

from August to October.  In this stage, the soil is broken into smaller p ieces by bot h women and 
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men.  D uring t he planting the man opens a furrow while the woman places the seed and manure. 

The fertilizer is placed between potato seeds and t hen both men and women cover the furrow. 

Weeding is conducted approximately one-to o ne-and-a-half months a fter planting.  Hilling takes 

place two and a half months after planting. Insecticide application is scheduled in a manner 

similar to the tikpa system. 

Potato in cutilpo 

Cutilpo (known a lso as kutishi – seeded again) is the planting of a second year of potatoes 

on a field previously sown with potato. If the harvest of the first year potato is early, this process 

requires that the soil to be lightly t illed, as it may have hardened or weeds may have become a 

prob lem.  Usually this is do ne by the man with the help of a foot plow. Ox plows and tractors can 

also be used for this work.  Planting and o ther agricultural activities are similar to those in the 

barbecho system. 

Other Andean tubers 

Olluco and oca are more susceptible to frost and hence are seeded in the lower parts of 

Aymará.  Olluco does not grow well in humidity.  Olluco is seeded on the potato huapal (where 

potato was seeded the season before), and kalpeo (soil loosening) can be carried out before 

planting to remove weeds, especially if an early harvest was carried out.  Olluco and oca use 

manure while mashua does not.  Oca seems to stand more humid soils and can be seeded in loose 

or hard soils.  However, it does not withstand frost either, and hence it cannot be seeded at high 

altitudes. The tuber crop mashua is more frost tolerant than either olluco o r oca, but mashua is 

more susceptible to frost than po tatoes and can be seeded in loose or hardened soils. Olluco and 

oca take approximately 6-8 months to produce, depending o n the variety, while mashua is a 

longer producing crop. Weeding and hilling up occurs usually t wo a nd three and a  half months 
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after planting.  Oca and mashua are sometimes sprayed with insecticides as they are attacked also 

by weevils.  Weevils from the genus Adioristidius have be en reported to attack oca (Alcazar 

1999).  No information was found for the pests attacking Mashua. 

Oats 

Oats can be seeded in most places in the community and can also be seeded earlier in moist 

soil (close to creeks or springs of the community).  Seeds are dispersed in the huapal and 

covered with soil.  If harvested early, oa ts will re-sprout and provide a second harvest. 

Labor requirements by crop  

Overall, labor utilization (per sack of potato seed) reported by informants among different 

types of potato cropping systems was highest for improved potatoes seeded in barbecho (32 

days), followed by improved potatoes seeded in cutilpo (22 days), and native potatoes seeded in 

tikpa (21 days) .  These estimates included sorting and transportation activities.  S imilar labor 

requirements have been reported by Mayer (1992) in Tulumayo, Junín for improved potato and 

native po tatoes.  It is important to po int out that, even though there is a higher amount of labor 

used in barbecho, part of the extra of labor is required during the months of January to March, 

which are months that require less labor overall compared to the rest of the year.  In the case of 

non-potato tubers, the amount of labor required to plant and harvest the area planted with one 

sack of seed (80kg) was higher for olluco (45 days) and lower for oca (19) and mashua (23). 

Farmers’ Survey Results 

Livestock holdings  

Eighty percent of the sampled farmers in Aymará have at least one head of sheep (mean = 

34 SE = ± 12.5, n =36), while approximately 45% of farmers had at least one head of cattle 

(mean = 1.13, SE = ± 0.27) and 36% had some adult pigs (mean = 2.22, SE = ± 0.46). 
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Aymará’s cropping pattern 

In Aymará, 41% of the sampled farmers (n = 29) seeded bitter potatoes in tikpa (Figure 2-

3).  Most farmers seeded native potatoes in tikpa (93%), and only 38% and 48% of the farmers 

seeded native potatoes in barbecho and cutilpo.  Improved potatoes in barbecho and cutilpo were 

planted by 79 and 76% of the farmers.  Most farmers (86%) in the sample seeded at least one 

type of non-potato tuber crop (Figure 2-4). Close to two thirds of the farmers seeded olluco 

(68%), while, mashua and oca were seeded only by 51% and 31% of the farmers. Almost all 

farmers in the sample seeded oats (90%). 

Dates of planting and harvest 

Farmers reported that bitter (75%) and native potatoes seeded in tikpa (64%) and cutilpo 

(60%) were mostly planted primarily in the month o f October (Figure 2-5).  Most planting of 

improved barbecho was reported to occur in the month of October (46%), while improved 

cutilpo fields are seeded mostly in September (41%) and October (41%). Usually, no potatoes 

are seeded after the first week of December.  Non-potato tubers start to be seeded in July as they 

tend to take a longer time to sprout (Figure 2-6).  The most common month for planting o lluco 

(48%), oca (55%) and mashua (38%) is September.  The highest proportion of oats is seeded in 

October (33%). 

The harvest of tuber crops occurs from March to August (Figures 2-7, 2-8).  The most 

reported month to harvest improved potatoes seeded in barbecho was May (45%), while cutilpo 

was reported to be harvested mostly in April (34%) and May (34%).  June was the most reported 

month for the harvest of bitter (54%) and native potatoes seeded in tikpa (48%), barbecho (44%) 

and cutilpo (45%).  Similarly, for olluco (53%), oca (53%) and mashua (31%) the most reported 
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harvest month was May.  Harvest dates for oats were not requested as they are typically 

harvested over several months as required by livestock. 

Potato y ields in relation to potato type and type of planting and non  potato tuber yields  

The average reported yields (Figure 2-9) for native potato seeded in tikpa, barbecho and 

cutilpo were 12.44 (SE= ± 0.80, n = 27), 12.58 (SE = ± 1.19, n = 11) and 10.1 (SE = ± 0.67, n = 

14) sacks per sack of improved potato seed used.  S imilarly, b itter potato seeded in tikpa 

produced 20.64 (SE = ± 1.83, n = 12) sacks per sack of potato seed.  Average yields for each 

sack of seed planted for improved barbecho and cutilpo were 19.66 (SE = ± 1.13, n = 23) and 

17.85 (SE = ± 0.745, n = 22) sacks, respectively.  Improved potato yields per hectare in the 

sample (19.66 metric tons) were slightly higher than the average yield (15 metric tons) for the 

region.   The average yield estimated for each sack, of seed for olluco (Figure 2-10) was 26.64 

(SE = ± 2.30, n=20) sacks while the average yields for oca and mashua were 24.61 (SE = ± 2.90, 

n = 15) and 28.31 (SE = ± 7.08) sacks per sack of seed planted, respectively.  

Fertilizer and pesticide use 

The sample indicated small d ifferences in the use o f inputs be tween pot ato t ypes and t ypes 

of planting (Figures 2-11, 2-12).  Fertilization rates ranged from 43.94 (SE = 3.55, n = 17) to 

50.78 (SE = 3.72, n = 33) kilograms of fertilizer per sack of native potato seed planted in tikpa 

and cutilpo.  The number of insecticide applications ranged from 2.51 (SE = ± 0.13, n = 34) 

applications for native potato seeded in tikpa to 2.78 (SE = ± 0.16, n = 16) applications for native 

potato seeded in barbecho.  The number of fungicide applications ranged from 2.24 (SE = ± 

0.32, n = 31) to 2.9 (SE = ± 39, n = 16) applications for native potato seeded in tikpa and cutilpo.  

The most common insecticide and fungicides used by farmers were carbamate Furadan and the 

fungicides Diethane (Mancozeb) and F itoraz (Prop ineb a nd Al-Fosetyl).  Usually, the same 
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insecticides were used for all kinds of potato, regardless of the type of potato and planting by 

each farmer.  In Aymará the average number of fallow years reported by farmers was 4.33 (SE = 

± 0.2) years. 

Potato weevil damage by potato type and type of planting 

Native potatoes seeded in tikpa and barbecho were reported by farmers to sustain damages 

of 1.03 (SE ± 0.14, n = 33) and 1.09 (SE = ± 0.17, n = 23) sacks per every 10 sacks harvested 

(Figure 2-13), while improved potatoes seeded in barbecho were mentioned to sustain damages 

of 1.22 (SE= ± 0.19, n = 29) sacks for every 10 sacks of potatoes harvested.  The average 

damage estimated by farmers for native and improved po tato in cutilpo were 1.81(SE = ± 0.29, n 

= 22) and 1.5 (SE = ± 0.14, n = 25) sacks for every 10 sacks harvested, respectively. 

Reason for planting in cutilpo  

Farmers were asked to name their reasons in order of importance for them to p lanting potatoes 

in cutilpo (Figure 2-14).  They reported that the most important (ranked first) reasons were 

aspects related to satisfactory fertility (44%, n=14), the lack of available land (25, n=8)%, 

tradition (13%, n=4), and lower costs for production (9%, n=3). 

Factors increas ing/decreasing y ields for potato seeded in tikpa, barbecho, and cutilpo. 

Most farmers reported that seeding in cutilpo reduced yields in both native (76%, n = 22) 

and improved (59%, n = 17) potatoes.  On the ot her hand, a pproximately 24% (n = 7) and 41% 

(n = 12) of the sampled farmers thought that native and improved cutilpo planting provided 

yields equal to or higher than those of native and improved potatoes seeded in tikpa and 

barbecho respectively.  The most stated reason (ranked first) for lower yields in bot h native 

(68%, n = 15) and improved potatoes (70%, n = 12) seeded in cutilpo was late blight 

(Phytophthora infestans).  Other reasons for lower yields in native potato included additional 
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phytosanitary reasons, s uch as Phoma sp (9%, n=2), Alternaria solani (5%, n=1), and the lack of 

fertilizer/manure (14%, n=3).  In the case of improved potato seeded in cutilpo, additional 

problems included Phoma sp (23%, n=4) and a lack of manure/fertilizer (6%, n=1).  Farmers 

reporting that yields were at least equal or higher in native po tatoes stated that the rotting 

pastures provided better moisture and better nutrient uptake (4) as well as higher organic matter 

content (1).  Farmers stating equal or better yields reported that these were the results of moisture 

and organic matter. 

Reasons for harvesting late 

The most cited reason (ranked first) for harvesting late (Figure 2-15) by farmers was the low 

price of potatoes during peak harvest (70%, n=23). Other reasons included lack of time (12%, 

n=4), lack of labor for hire (9%, n=3), lack of weevil damage (6%, n=2) and late planting (3%, 

n=1).   

Discussion  

Most farmers in the sample planted native po tato in tikpa, and a lower percent seeded 

native po tato in barbecho and cutilpo, while the numbers of farmers planting improved potatoes 

in barbecho and cutilpo were similar.  Fertilization and pesticide use reported by farmers for 

each type of potato showed only slight differences suggesting that farmers either do not possess 

adequate resources to increase the number of applications for potatoes that are seeded 

consecutively, or that extra applications might not be worth the cash cost.  A study in a nearby 

village indicated that farmers could not increase inputs as result of limited cash resources 

(Fujimoto 2005).   

Reported yields between first-and second-year potato planting for each potato category 

seemed not to vary much.  A n experimental s tudy in the Ecuador ian Andes showed reductions in 
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potato yields of less than 20% for a third year of continuous potato cropping (NietoCabrera et al. 

1997).  Reasons given by farmers as to why they plant potatoes a second year supported the idea 

that fertility is still acceptable.  An additional and expected reason was the lack of land.  It is 

likely that soil fertility changes from field to field in the community restricting the cutilpo 

practice to fields that are likely to meet certain farmer criteria.   

In regards to reported Andean potato weevil damage, with the exception of native potato 

seeded in cutilpo, damages were similar.  There are two potential explanations for this.  The first 

is that farmers are constantly evaluating their fields for damage, and they harvest parts of their 

fields if imminent damage is expected (pers. obs.); or  second, t hat farmers harvest improved 

potatoes first due to market reasons and therefore reduce the potential damage from improved 

potato fields seeded in cutilpo.  This could plausibly explain the observed higher damage 

reported in native cutilpo potato, as native potatoes are harvested later than improved cutilpo 

potatoes.  If this were the case, farmers may be escaping damage as the result of market forces.  

This would also seem to indicate that in years when prices are low farmers sustain higher 

damages as a result of not harvesting and waiting for prices to improve, if they are not scouting 

their fields. S imilarly, potatoes left in the ground, for longer periods of time allow overwintering 

adult populations to increase in the ground resulting in higher infestations the following cropping 

season.  When farmers were asked to compare yields between first and second year potato fields, 

most farmers recognized that yields for both types of potato were higher in first-year fields.  

Farmers asked to rank the reasons why there was a difference in yields ranked the incidence of 

late blight as the first reason.  The focus group indicated that differences in the altitude, humidity 

and soil characteristics are considered by farmers for the categories of planting.  Farmers avoid 

humid and low areas when planting in cutilpo, due to problems with pathogens and nematodes.  
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Therefore, it is expected that the importance of damage-causing agents w ill vary with the 

location of a field.  For example, perceived damage might be much higher in a cutilpo field c lose 

to a spring due to late blight, compared to a crop seeded on well-drained soil.  O n a similar note, 

if no pest scouting is conducted and preventive harvest does not occur, we would expect areas 

dedicated to cutilpo planting to have higher weevil densities. 

Yields are expected to vary depending on land quality, fertilizer and pesticide use.  It is 

likely that farmers with better access to these resources obtain higher yields, which may justify 

planting in barbecho.  This could explain the fact that a few farmers in the sample seeded 

improved po tatoes only on fallowed land.  For the overall sample, the advantages of planting in 

cutilpo were limited amounts of land and labor utilized while attaining s imilar yields.  These are 

conditions for farmers at the start of the family life cycle when access to land and inputs are 

limited and there is little labor available.  This also resembles conditions of female-headed 

households, especially because they have less access to male labor for opening land.  For 

example, in an interview an older female peasant reported to have seeded her fields three to four 

times in po tato, because she could not ope n new land and her family usually had little time to 

help her. These results indicate that continuous cropp ing in the short run competes well with first 

year-cropp ing based on different factors, including yields and labor use.  This might not the case 

in the long run, as continuous potato cropping depletes soil nutrients and disrupts soil structure.  

In any case, the results demonstrate farmers’ adaptation to new land pressures, especially if 

different landscape features are used to plant cutilpo (i.e. well drained soils).  Partial harvest due 

to potential damage is also an adaptation farmers achieved by trial and error.  It would be 

important to study what types of heuristics farmers are using for harvesting po tato fields when 

damage is imminent.  If necessary, these heuristics could be improved by research.  
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Figure 2-1.  Aymará’s cropping system. Green and red arrows denote sales or purchase of goods 
or services from the market respectively, yellow arrows represent household 
consumption of different agricultural products and black arrows represent 
intermediate products.  
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Figure 2-2.  Average wholesale prices of potato (± 2 S D) in the market of Huancayo from 2004-

2007 (data from Peruvian Ministry of Agriculture). 
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Figure 2-3.  Proportion of farmers in Aymará planting potatoes by type of potato and t ype o f 
planting.  In order from left to right the abbreviations stand for: bitter and native 
potatoes seeded in tikpa, native potato seeded in barbecho and cutilpo, and improved 
potato seeded in barbecho and cutilpo. 
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Figure 2-4. Proportion of farmers in Aymará planting non-potato tuber crops and oats.  
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Figure 2-5.  Reported dates of planting for different types o f potato and types of planting.  Native 
and improved potatoes are represented by the words Nat and Imp, while the words 
Tik, Bar, and Cut stand for potato seeded in tikpa, barbecho or cutilpo. 
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Figure 2-6.  Reported dates of planting for non-potato tuber crops.   
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Figure 2-7.  Reported dates of harvest for different types of po tato and types of planting. Native 
and improved potatoes are represented by the words Nat and Imp while the words 
Tik, Bar, and Cu, stand for potato seeded in tikpa, barbecho or cutilpo. 
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Figure 2-8.  Reported dates of harvest for non-potato tuber crops and oats.   
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Figure 2-9.  Potato yields (± 1 SE) by type of potato and type of planting.  In order from left to 
right the abbreviations stand for: bitter and native potatoes seeded in tikpa, native 
potato seeded in barbecho and cutilpo, and improved potato seeded in barbecho and 
cutilpo. 

 



 

57 

Olluco Oca Mashua

Crop

N
um

be
r o

f s
ac

ks
 p

ro
du

ce
d 

fro
m

 o
ne

 sa
ck

 
 

0
5

10
15

20
25

30
35

 

Figure 2-10 Non-potato tuber crop yields (± 1 SE) in Aymará. 
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Figure 2-11.  Number of insecticide applications (± 1 S E) for different potato types and types o f 
planting. Native and improved potatoes are represented by the words Nat and Imp, 
while the words Tik, Bar, and, Cut stand for potato seeded in tikpa, barbecho or 
cutilpo. 
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Figure 2-12.  Number of fungicide applications (± 1 S E) for different potato types and t ypes of 
planting. Native and improved potatoes are represented by the words Nat and Imp, 
while the words Tik, Bar, and, Cut stand for potato seeded in tikpa, barbecho or 
cutilpo. 
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Figure 2-13.  Reported potato damage (± 1 SE) per 10 sacks of potato harvested.  Native and 
improved potatoes are represented by the words Nat and Imp while the words Tik, 
Bar, Cut, stand for potato seeded in tikpa, barbecho or cutilpo. 
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Figure 2-14.  Reported reasons for planting potato in cutilpo (n=33) 
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Figure 2-15.  Reported reasons for harvesting late (n=32). 
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CHAPTER 3 
EVALUATION OF THE LANDSCAPE DISTRIBUTION OF THE ANDEAN POTATO 

WEEVIL IN TWO ANDEAN COMMUNITIES OF THE MANTARO VALLEY 

Introduction  

In the Andes, current population pressures and market forces have led to more intensive 

agriculture that shortens or eliminates the time of fallow, reduces the distance between 

cultivation plots (Mayer 1979, Dollfus 1982, Cotlear 1989), and increases the use of 

agrochemicals (Cotlear 1989).  In addition to lower fertility, higher cropping intensities (the 

number of consecutive years of monoculture) are known to result in increased pest infestation 

rates (Beets 1990).  In potato, higher cropping intensities and shorter inter field d istances have 

been reported to cause higher pest and pathogen infestation rates and damage (Fry 1994, Weisz 

et al. 1994, Kabaluk and Vernon 2000, Sexson and Wyman 2005, Boiteau et al. 2008, Olanya et 

al. 2009). 

The Andean potato weevil is a complex of several species of weevils that ranges 

geographically from Argentina to Venezue la.  The complex inc ludes the genera Phyrdenus, 

Premnotrypes, and Rhigopsidius.  All the species within these genera attack the potato plant and 

occur commonly between 2,800 and 4,700 meters (Alcazar and Cisneros 1999).  The genus 

Premnotrypes predominates between 3,300 and 4,200 meters above sea level and presents a 

fused e lytrum which restricts their movement to crawling (Yabar 1994).  Adult weevils are 

noc turnal and d uring the da y they protect themselves from the light and heat under soil clods or 

in the lower stem of the plant, making any threshold-based insecticide application difficult.  At 

night, weevils climb to the plant where they feed on potato leaves, producing a half moon shape 

on the leaf (Alcazar 1995).  Females typically lay their eggs in clusters on non-host or host 

vegetation surrounding the potato p lant. While the adult weevils feed on foliage and cause little 
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or no economic damage, most economic damage to the crop is caused by the larvae feeding on 

the tubers, resulting in lower market pr ice  (Ortiz et al. 1996) 

  Once a larva encounters a tuber, the larva proceeds to damage the potato surface to enter 

the tuber. Inside the potato, the larvae tunnel the tuber forming galleries and closing their trail 

with frass. T he da mage in t he tuber turns necrot ic over time (Catalán et al. 1993) . 

Tests on ot her non-potato Andean crops indicate that this pest needs to complete its life 

cycle in plants belonging to the family Solanaceae (Durand 2001).  Upon leaving the tubers, the 

larvae complete their metamorphosis in the local soil, linking their distribution to the presence of 

cultivated, volunteer (Sotelo 1996) or wild Solanum sp. p lants (Morante et al. 2007).  Crop 

management also a ffects the distribution and de nsity of the overwintering pest sources in the 

agricultural landscape (Figure 3-1).  Harvest and post-harvest factors de termining the weevil’s 

distribution and de nsity inc lude the t ime o f tube r harvest and s ubsequent crop rotation (Sotelo 

1996).  The number of larvae leaving the tubers and remaining in the soil is correlated with the 

time o f harvest (Catalán et al. 1993), while the subsequent crop rotation may damage the 

overwintering weevils in the soil as the result of the associated cultivation practices (Altieri, 

1995).  These soil disturbances may also modify the availability o f volunteer potato plants by 

altering the field environment.  The physical aspects of cultivation and the modified 

microclimates brought by rotation affect not only the pest’s abundance and d istribution  b ut a lso 

physical aspects of cultivation are known to a ffect the invertebrate community including 

invertebrate predators and parasitoids (Andow 1992).    

Andean potato weevil invertebrate predators include: Harpalus turmalinus and t he genus 

Metius., both from the family Carabidae; and the genus Hylitus. from the family Tenebrionidae.  

These genera mostly feed o n weevil eggs (Alcazar, 1995) .  Holland and Luff (2000) reported 
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that different agricultural systems affect the carabid community in different ways, because some 

species are thermophilic while others are thermophobic.  Grasses and non-potato tubers, for 

example, could have different impacts on the ground beetle community, due to different crop 

temperatures.  Effects of cropping practices on Carabidae in Andean potato systems have been 

reported by Kröschel et al. (2009).  

Even though the Andean pot ato weevil has been one o f the most s tudied pe sts in t he 

Andean region, t here has been no study to quantify and compare different sources of infestation 

simultaneously at the landscape level.  Sources include po tato fields farmed a t different 

intensities and non po tato rotation crops that can harbo r volunteer potato plants.  The expected 

high specificity of the Andean potato weevil to the potato plant ought to restrict sources of 

weevils to places where these plants occur, thus making their reservoirs easier to target than 

those of a generalist pest.  

Although storage sources are important in terms of numbers of weevils (Villano 1994), 

field sources are more abundant and usually closer to potato fields.  It is expected that potato 

cropp ing intensity and time of harvest should increase the amount of overwintering sources 

making these the most important reservoirs of weevils in the landscape. However, other field 

sources need to be quantified in order to compare their importance to potato crop fields.  

Likewise, it is important to evaluate how the weevil is distributed a t the field level between 

different cropp ing intensities, in order to concentrate management efforts in the problem areas.  

Finally, a n add itional question that needs to be addressed is whether weevils can overwinter in 

fallow soils for more than one year.  An assessment of the weevil distribution be tween different 

sources is important, s ince it allows small farmers to concentrate their efforts more efficiently in 

terms of labor and cash—two a lready restricted resources in t he rural Andean household.  
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The objectives of this study were to identify the main sources of weevils and how these 

sources are affected by cropping intensity, specifically potato cropping.  It is hypothesized that 

cropp ing intensity interacts with harvest time:  F ields planted twice in po tato and harvested late 

will be the major sources of overwintering weevils.  An additional objective was to evaluate how 

this intensification affects the distribution of weevils within a potato field.  These objectives will 

provide initial guidelines to help farmers optimize resources in the control o f the Andean po tato 

weevil and to link damages between a second year of potato crop and the field overwintering 

source. 

Materials and Methods 

Study Sites 

The study was conducted in the communities of Aymará and Ñuñunhuayo, located in the 

Mantaro Valley.  Both consider po tato as their main staple and cash crop.  The community of 

Aymará is located in the department of Huancavelica and is characterized by a higher potato 

cropping intensity, while Ñuñunhuayo is located in the department of Junín and presents a lower 

potato cropping intensity (Antezana et al. 2005).  Both of the cropping areas of these 

communities lie between 3600 and 4100 meters above sea level, and their crops are rain fed.  In 

Aymará, the main crop rotation cycle starts with native potatoes seeded in tikpa (low tillage 

potato p lanting) on fallow land and is followed by a second crop of improved potatoes (cutilpo), 

after which farmers may seed oats (Avena sativa) or olluco (Ullucus tuberosus).  If olluco is 

seeded, this crop will usually be followed by oa ts and then put to fallow.  I n the community of 

Ñuñunhuayo, there is only one year of native potato seeded in tikpa (a low till planting s ystem), 

which is usually followed by olluco and subsequently seeded with oats and left fallow.  I n bo th 

communities, fields remain fallow for five years before being seeded again.  Communal fields 
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are a common occurrence in the area, w ith more such fields in Ñ uñunhu ayo t han in Aymará.  

These fields are usually seeded by several farmers in a communal enterprise as in Aymará, or 

may be parcels of a large area of land, which individual farmers use for their own benefit as is 

the case in Ñuñunhuayo.  These individual parcels are typically 30m x 30m, usually totaling an 

overall area of 4 ha.  All pr ivate fields sampled were less than an acre in size.  

Field Sampling for Weevils 

In order to accomplish the s tudy goa ls surveys of overwintering weevils were conducted in 

2005 (August to September) and 2006 (July to September).  The first sampling session was used 

to design a methodo logy to op timize the sampling o f over-wintering weevil populations in potato 

fields, including 1st year potato fields (native potato fields in tikpa) or 2nd year potato fields 

(improved potato fields seeded in cutilpo).  An additional objective of this sampling was to 

evaluate the weevil distribution within the potato fields.  In year two (2006), the aim of the 

survey was to compare weevil densities in different types of fields: 1) potato fields, 2 ) fields 

rotated to a non potato tuber crop or oats that were previously potato fields , as well as, 3) fields 

left fallow for different lengths of time. 

Determination of the Sampling Unit Size and Depth  

A preliminary sample (in four harvested fields) was conducted in Aymará in August 

(2005) to evaluate the optimal soil area and depth for measuring the densities of overwintering 

weevils in a field (all weevil stages were poo led).  The fields included two harvested fields 

seeded in native potato tikpa (Nat-Tik) and two harvested fields seeded a second year in 

improved po tato (Imp-Cut).  The logic behind using two types of fields was to choose a sampling 

unit that would be efficient in both types of fields.  In order to do this, 20 quadrats (area of 0.75 x 

0.75 m2) divided into nine subquadrats (area of 0.25 x 0.25m) were taken per field.  The quadrats 
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were further divided vertically in 3 consecutive blocks of depths of 0.10m, 0.20m, and 0.30m.  

Four quadrats were taken randomly within five different strata (for a total of 20 q uadrats per 

field) defined by the distance from the edge of each field.  Strata were defined by dividing the 

field in four concentric annuli (2.5 meters in length) starting at the edge of the field and its center 

(the area more than 10 meters from the field edges). 

In order to compare sampling units of different sizes and shapes, subquadrats within 

quadrats were used.  These subquadrats were: 0.25x0.25, 0.25x0.50, 0.25x0.75, 0.50x0.50, 

0.50x0.75, and 0.75x0.75 m2.  The sampling unit size was evaluated by evaluating the units by 

field type.  Sampling unit size and shape were assessed by examining the subquadrat weevil 

density variability and means visually to evaluate their associated b iases and precisions.  I n order 

to find the optimum sampling unit in terms of costs and efficiency, Weigert’s method (Krebs, 

1999) was used.  This method multiplies the relative cost and variability for each unit.  Relative 

costs are estimated by calculating the total cost (for this study units of time) for each sampling 

unit size –adding the fixed cost and the cost of taking a subquadrat of certain size – and t hen 

dividing the total cost for each sample size unit by the cost of the unit with minimum total cost.  

In this case the fixed cost for all units was taken to be 0, as it consisted of a negligible amount of 

time to walk from one part of a small field to the other. The labor cost to sample a subquadrat of 

0.25 x 0.25 m2 was approximately 3.5 minutes for a team of three persons.  This consisted of 

digging the volume of soil (0.30 meters deep), sieving it, and picking out overwintering pupal 

and larval stages of the weevils.  Relative variance was estimated by dividing the sampling unit 

variances by the minimum unit variance estimate.  A bootstrap procedure with a thousand 

resampled units (Krebs, 1999) was used to estimate the confidence intervals for each sample unit 

Weigert’s estimate.  In the second year of sampling a 0.25 x 0.75 m2 was used.  



 

68 

For the analysis of weevil overwintering depth, quadrats taken within a stratum were 

pooled and averaged within the depth (0.10, 0.20, 0.30 m) at which they were taken.  The depth 

of pupation was measured and compared with the use of a mixed model (routine lme) in the 

statistical program R (R Development Team, 2008).  Fixed effects included type of field (native 

potato in tikpa or improved potato in cutilpo), depth, and the stratum position.  Random effects 

included a field grouping factor for the strata of each field.  In order to be able to account for 

autocorrelation between depths of pupation an autoregressive correlation structure of order one 

was applied for each stratum.  Autocor relation between strata was evaluated visually by plotting 

residuals from different strata by field.  

Most of the data collected for the study were skewed to the right, and to correct this 

problem the dependent variables were log transformed in order to achieve normality and 

homogeneity o f variances be tween field t ypes.  Q uantile-to-quantile plots were used to assess 

residual normality, and bo x plots of the residuals and Bartlett’s tests were used to check the 

assumption o f homogeneity o f variances across field t ypes.   In the case of mixed or generalized 

least sq uare models sequential F tests were used to assess the significance of the fixed effects. 

Determination of the Number of Sampling Units Needed per Field. 

The resulting sampling unit size was used to sample a total of 24 first-and second year 

potato fields.  Fields sampled were divided into 5 strata as described in the previous section.  At 

each field stratum 12 samples were taken randomly.  The stratification had the objective of 

lowering the variance and hence the number of samples for the estimation of weevil densities 

(Hayek and Buzas 1997).  I nsect counts typically have aggregated d istributions (Krebs 1999). 

These d istributions exhibit variances that vary with the means.  Taylor (1961) has described this 
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relationship with the use of a power law, in which the variance (s2) is a power function of the 

mean (x) multiplied by a constant,  

 baxs =2   (3-1) 

In the Taylor power law, a is a scaling parameter particular to a species, the environment, 

the sampling procedure, and its units.  The parameter b denotes a measure of aggregation o f the 

data (Hayek and Buzas 1997) which can range from close to a regular distribution to highly 

clumped as b changes from 0 to 2.  Routledege (1991) points out that this interpretation has been 

contested due to the often misunderstood a nd vague nature o f the aggregation concept. 

The Taylor Power Law was modified to include covariates for strata (St), cropping 

intensity (I) and time of harvest (T) by the following formula. 

 
ITTIStStbaxs +++++=

22
 (3-2) 

In order to linearize the logarithm of each term was taken  

 Log(s2)= log(a)+b log(x)+St log(x)+St2 log(x)+I log(x)+T log(x)+I T log(x)  (3-3) 

The power law parameters were estimated by regressing formula 3-3.  Autocorrelation 

between the variances from each stratum of a field was assessed and accounted for by including 

an autoregressive correlation structure of order one in the model.  The regression model only 

used weevil densities higher than zero in order to not use an offset that might change the log 

(variance) and log (x) r elation. Once the estimates for the parameters power law were obtained, 

the formula by (Karandinos 1976) modified by (Wilson 1983) was used to estimate the number 

of samples needed for different precision levels.   

 
222

2/
−−= b

x axDtn α  (3-4) 

Where 
2

2/αt is the standard normal deviate for estimating a two tailed confidence interval set up at 

1.64, D is a fixed precision level defined as the ratio be tween the s tandard error o f the mean and 
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the mean or the coefficient of variation (CV), and a and b are coefficients derived from the 

Taylor’s power law. 

Comparison of Weevil Overwintering Populations among Different Types of Potato Fields 

The sampling survey evaluated the distribution of weevils within potato fields and between 

potato fields with different cropp ing intensities and times of harvests.  For comparison, potato 

fields were divided into four categories with at least 5 fields sampled per category.  The 

categories included: 

• First year native potato fields (7) seeded in tikpa and harvested early (before June) 
• First year native potato fields (6) seeded in tikpa and harvested late (after June) 
• Second year improved potato fields (6) harvested early (before June) 
• Second year improved potato fields (5) harvested late (after June) 
 

The differences among fields were analyzed with the use of a linear mixed effect model 

using t he procedure lme (Pinheiro and Bates 2000) in the statistical program R (R Core 

Development Team, 2008).   The overwintering weevil density was used as the response variable 

and was regressed against the field cropping type, time of harvest and strata as predictor 

variables.  Time of harvest and field cropping type were coded as categorical variables, while 

strata were coded as a continuous variable (from 1 to 5). In order to account for autocorrelation, 

an autoregressive correlation structure of order one was used among strata.  S imilarly, a group 

random effect per field was used to account for within field correlation and variation.  

Relationship between the Weevil Infestation Level and Harvest Times of Potato Fields at 
Different Cropping Intensities 

Different harvest times have different impacts on the amount of weevils that remain on the 

ground.  Early harvests are used by farmers as a means to prevent further potential pest damage 

or to gain access to a market for better prices; this may confound the real effect of an increase of 
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weevils between first-year and continuous cropped potato fields.  The aim of this assay was to 

assess the total number of weevils that po tato p lants have at different po tato cropp ing intensities.   

Six fields o f each type (Native po tato in Tikpa and I mproved potato in Cutilpo) were 

sampled in two years (3 fields in each per year).  A total of 60 p lants was sampled at random per 

field.  Harvests were conducted during the month of May.  Tubers from plants were evaluated to 

estimate the total number of larvae that had exited per plant, after which the tubers were bagged 

individually (in antiaphid netting) and buried to s imulate the conditions of tubers in the ground.  

Every month the ba gs were unearthed a nd the number o f larvae that had exited the tubers was 

recorded until the month of September, when tubers were cut open and larvae remaining in the 

tubers were recorded. The total number of larvae produced per bagged plant was recorded in 

order to e stimate the po tential infestation capacity.   

Comparison of Weevil Overwintering Sources in Different Types of Fields  

This census sought to e valuate differences of weevil densities among field sources.  O n the 

basis of budget and logistics, a total of 30 random samples was taken per field for the 

comparison of weevil densities for different types of fields.  The sampling units used were 

quadrats of 0.25x0.75 m2.  Sampled fields included potato (P), oats (OA), Olluco (OL) and first 

and fifth year fallow fields (F1 and F5) belonging to the main rotation pa tterns in each 

community.  In Aymará the crop sequence sampled was: P-P-O/A–A/F1–F5 and P-O/A-A/F1-F5 

in Ñuñunhuayo.  In addition, in Ñuñunhuayo individual and communal potato fields were 

sampled in order to evaluate how these two types of fields differed in terms of weevil densities.  

It was expected that larger fields experience lower damage as these fields have a lower edge-to-

area ratio.  A total of five fields of each type were sampled per community.  
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The counts o f weevils in the samples were very low even in the po tato fields.  I n order to b e 

able to process the data, all the weevils collected from a field (30 samples) were pooled.  The 

type of field (Fallow, OA, OL, and P) was compared s tatistically for field weevil presence or 

absence by the use of a binomial generalized linear model (glm procedure in R).  Each field 

category was coded as a categorical variable.  Multiple pairwise comparisons were conducted by 

a Tukey test with overall alpha levels set at 0.0 5.  

Results 

Determinat ion of the Sampling Unit Size and Depth  

Inspection of mean larvae per unit size indicated no severe bias in any of the units for 

either field t ype (Figures, 3-2, 3-3).  In terms of sampling e fficiency, the first and third units 

provided the highest efficiency for tikpa fields (Figure 3-4).  In the case of cutilpo, any unit 

larger than the 0.25 x 0.75 m2 unit presented low levels of sampling efficiency (Figure 3-5).  The 

analysis of sampling depth indicated a significant interaction be tween depth and overwintering 

field type (Figure 3-6, Table 3-1).  A least significant difference test to detect differences among 

overwintering weevil densities between depths among the two fields types averaged across the 

different strata did not detect any differences.  S imilarly a LSD test averaging between strata and 

cropp ing intensity indicated statistically s ignificant differences be tween (t = 8.61, p = 8.31e-11, 

df = 52) the weevil densities at depths of 10 centimeters (3.44 weevil/m2, 95% CI = 1.63 to 5.42, 

df=52) and 30 cm (0.175, 95% CI=0.01 to 0.46, df=52).  A similar comparisons between depths 

of 20 (3.03.weevils/m2, CI= 1.65 to 5.44) and 30 cm were also statistically significant at an alpha 

level of 0.05 (t = 8.63, p=7.73 e-11, df =52).  There were no s tatistically s ignificant differences 

between depths of 10 and 20 cm. 
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Determination of the Number of Sampling Units Needed per Field. 

  A unit of size 0.25 x 0.25 m was chosen for the estimation of the Taylor’s Power Law.   

None of the covariates or the autocorrelation structure used in the Taylor power law regression 

(Table 3-2) was significantly different from  zero with the exception o f log (mean).  The model 

was refitted as a linear model including all covariates with the exemption of the autocorrelation 

structure that was not d ifferent than 0 (Table 3-3).  The regression line was statistically 

significant (F5, 67 = 178, p <0.01) with a high coefficient of determination (adjusted R2=0.92).  

None of the covariates with the exception of log(x) was significant at an alpha level of 0.05.  In 

order to use the model a reduced version  (Table 3-3) only including log(x) as a covariate was 

approximated by the reduction procedure described in Harrel (2001).  The a and b parameters 

were estimated at 3.97 (95% CI =3.81 to 4.14) and 1.59 (95% CI = 1.56 to 1.61), respectively 

(Figure 3-7).  The number of sample units needed to achieve a high precision level so that the 

density estimate was within a CV of 25% was high and ranged from 248 to 86 samples for 

weevil densities from 0.4 to 5 weevils/m2 respectively (Figure 3-8) for 0.25 x 0.25 m2.  The 

number o f s ample units was lower when a CV of 50% was used and ranged from 62 to 21 

sample units for densities from 0.4 to 5 weevils/m2. 

Comparison between Weevil Overwintering Populations in Different Types of Potato Fields  

The model’s explanatory variables for type o f field, t ime of harvest, or their interactions 

were not statistically significant (p > 0.05) while a significant negative relationship between 

weevils per m2 and distance from the field edge was observed (Figure 3-9, Table 3-4).  Densities 

ranged from 3.60 to 0.71 weevils per m2
 at distances less than 2.5 and distances higher than 10 

meters, respectively, from the field edges.  Positive autocorrelation between strata was observed 



 

74 

in the mod el (phi= 0.42, 95% CI =0.04 to 0.69) and was properly addressed by the correlation 

structure specified in the model.   

Comparison of Weevil Overwintering Sources in Different Types of Fields  

Weevil densities varied among field categories in San Jose Aymará, especially with po tato 

crops and non tuber crops.  The highest mean number of weevils per m2 in Aymará came from 

fields seeded twice successively to potato. These had overwintering weevil densities of 3.13 (SE 

= ± 1.40) weevils/m2, while first-year native potato fields seeded in tikpa had 1.66 (SE= ± 0.75) 

weevils/m2. Oats and olluco fields had mean densities of 0.16 (SE = ± 0.074) and 0.13 (SE = 

0.06) weevils/m2.  In the community of Ñuñunhuayo, the individual potato fields had almost 

three times the density (4.57, SE = ± 2.04 weevils/m2) of overwintering weevils compared to 

communal potato fields (1.77, SE = ± 0.79, weevils/m2).  Weevil densities for oats and olluco 

crops were 0.40 (SE = ± 0.18) and 0.82 (SE = ± 0.37) weevils/m2.  In the case of Ñuñunhuayo, 

larvae were found in two samples, one from each type of field (F1 and F5).  The first-year fallow 

contained 0.36 (SE = ± 0.16) weevils/m2 while the fifth year fallow contained 0.03 (SE = ± 

0.015) weevils/m2.  One of these had a potato tuber present in the sample where the 

overwintering weevils were found.  This field was close to a freeze dried potato or chuño 

processing area in the community and it was expected that the tuber could have been an infested 

tuber that was dropped by a farmer while transporting chuño to or from the household.  

Therefore, it may be concluded that there were no weevils present in fallow fields, or that they 

were present in very low numbers during the time of the study.   

One-way ANOVAs of mean weevil de nsities per m2 between potato field types in each 

community indicated a significant (p ≤ 0.05) effect of field type (F 1, 8 = 5.45) in Ñuñunhuayo. In 

this community private native potato fields had higher weevil densities (4.57 weevils/m2, 95% CI 
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= 2.90 to 6.23), compared to communal potato plots (1.77 weevils/m2, CI = 0.10 to 3.43).  Type 

of po tato field d id not have an effect on weevil densities in Aymará.  Type of po tato field had a 

statistically significant effect on the proportions of infested fields. A higher proportion of po tato 

fields were infested (0.89, 95%CI = 0.68 to 0.97) than fields of non-potato tuber crops (0.35, 

95% CI = 0.17 to 0.58).  Similarly, the fraction of potato fields infested was greater than the 

proportion of infested fallow fields (0.15, 95% CI = 0.09 to 0.24).  There was no statistically 

significant difference between proportion of fields in non-potato tuber crops and fallow fields. 

Relationship between the Infestation Leve l and Harvest Times of Potato Fields with 
Different Cropping Intensities 

Field type showed a significant (p ≤ 0.05) effect for both weevil densities per plant (F 1, 10 = 

57.13) and proportion of plants infested (F1, 10 = 29.44).  Overall weevil densities recorded for the 

improved cutilpo potato fields (9.97 larvae/plant, 95% CI = 6.84 to 14.63) were significantly 

higher than the densities recorded for fields seeded in native potato tikpa (1.26 larvae/plant, 95% 

CI, 0.86 to 1.84,).  Similarly, the proportion of infested plants was higher for improved potato 

fields seeded in cutilpo (0.76, 95% CI, 0.64 to 0.85) than for native potato fields seeded in tikpa 

(0.26  95% CI =0.17 to 0.39).  

Discussion 

Results indicate that most weevils are located in the upper 20 c m of the soil profile, and it 

would seem that there is an interaction between depth o f pupation and t ype o f field.  I f this 

interaction occurs it could be the effect of a higher uphilling o f native po tato in tikpa due to the 

less erosive texture (tikpa is a minimum till system) or of weevils’ look ing for moisture by going 

deeper into the soil to pupate.  Tikpa soils are likely to present higher moisture levels due to their 

higher organic matter content resulting from the decomposition of weeds and grasses present 

prior to planting.  The opt imal weevil sampling q uadrat size was found to be 0.25 x 0.25 m2..  
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According to Weigert’s method (Krebs 1999), these quadrats provided good efficiency in terms 

of labor and variability and little or no b ias.   

The relatively high Taylor a and b coefficients seem to indicate that there was a relatively 

high level of organism aggregation.  A high level o f aggregation is like ly to be  the result o f the 

weevil egg cluster oviposition pattern and the limited ability o f the neonate larvae to move in the 

soil.  The Andean potato weevil typically lays a cluster of eggs in the potato p lant or in non host 

vegetation surrounding the plant; for example, clusters of up to 80 eggs have been reported for 

Premontrypes latithorax (Carvajal 1992).   

The Taylor power law and associated variability require a high number of sampling units 

at low weevil densities, however at densities above 5 weevils/m2 the number of samples 

necessary is reduced dramatically.  This makes the sampling of soil a viable option in areas of 

high weevil densities and when moderate precision levels are required. In the communities 

sampled, potato fields had a much higher frequency of infestation than fields planted to non-

potato tuber crops and fallow fields. Within potato fields, the first ten meters of the field contain 

a large proportion of the over-wintering weevils.  This could be the result of three factors: a 

behavioral response of weevils. Once in its habitat (potato pa tch) the weevil remains in it as 

reported by Pienkowski and Golik (1969) for the Alfalfa weevil. Or it could be the timing in the 

application of insecticides that prevents a deeper weevil incursion into the field, or an early 

harvest to prevent damage.  An edge effect could be one of the reasons why communal fields in 

Ñuñunhuayo showed lower damage than individual plots; in Bolivia, lower damage has been 

observed in communal potato fields (Chavez 1996).   

In the case of Aymará, there was no apparent difference in overwintering densities between 

native po tato fields seeded in tikpa and improved potato fields seeded in cutilpo for either 
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sampling occasion (2005 and 2006).  However, the bag experiment seems to indicate that the 

average number of larvae per plant for improved potato plants seeded in cutilpo is higher than for 

plants seeded in native potato.  It was also observed that the proportion of infested plants in 

cutilpo was higher.  These observations support the idea of a wide spread of weevils within field, 

possibly resulting from the effect of overwintering populations within the fields.  These 

observations a lso s uggest that farmers may escape da mage by harvesting early the fields that 

were seeded twice with potato.  In a focus group, Aymará farmers indicated that early improved 

potato harvests are due to market factors (better price for reaching the market early) or to a 

practice to a void weevil damage in these specific types of fields.  Market prices also have a 

negative effect in terms of damage and weevil sources.  In a survey, farmers stated t hat they 

would harvest late if the prices were not favorable. This could result in a loss of revenue or a 

more severe infestation in the following year. 

In summary, potato fields seeded in cutilpo could have a high potential to become 

important over-wintering sources of weevils, but only if po tatoes are harvested late.  

Management of these fields is key to lowering the densities of weevils in intensive potato 

cropp ing systems.  Early-maturing varieties could p lay a ke y role in reducing the weevil 

populations, but the success of these varieties may depend on the availability of labor.  If no 

labor is available, then fast-developing tubers may be exposed for a longer time to weevil attack 

than varieties maturing in a more regular time frame.  In addition, if pre-emergence treatments to 

reduce the overwintering population in the fields are feasible, farmers should concentrate on the 

first 10 meters of potato fields, confirming previous studies by Villano (1994).  Farmers have 

adopted or developed the practice of scouting to see if early damage is evident.  However, this 

mechanism may o r may not be  reliable because it is do ne heur istically with no founda tion on a 



 

78 

sampling design.  The current study shows that a moderate number of sampling units is needed 

to monitor overwintering weevil populations with a reasonable degree of precision at medium to 

high weevil densities.  In order to target overwintering populations for control it could also be 

helpful to design a way for farmers to evaluate and more precisely assess damage in the standing 

potato crop.  The availability of well defined criteria based on accepted practices for their 

harvesting decisions would allow farmers to experience less damage, earn more revenue, and 

lower the overwintering populations.   

If a relation between damage and overwintering densities could be established and land 

becomes very scarce, farmers could sample field borders and centers to establish weevil densities 

and adjust the place where plastic barriers might be placed leaving infested areas on the outside 

of the barriers.  Furthermore if this relation could be established, a sequential sampling design 

could be developed to reduce the number of samples needed per field and make the sampling 

process more efficient. 
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Figure 3-1. Potato weevil infestation sources adapted from Alcazar (1997) 
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Figure  3-2.  Mean larval counts (±1.96 SE, n=40) per m2 for different sampling unit sizes for 
native po tato fields seeded in tikpa 
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Figure 3-3.  Mean larval density (±1.96 SE, n=40) per m2 in different sampling unit sizes for 
improved potato fields seeded in cutilpo. 
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Figure 3-4.  Sampling unit size efficiency compared to sampling unit size determined by 
Weigert’s method for native potato seeded in tikpa.  Bootstrapping was used to derive 
confidence intervals around mean values. 
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Figure 3-5.  Sampling unit size efficiency compared to sampling unit size de termined by 
Weigert’s method for improved potato seeded in cutilpo. Bootstrapping was used to 
derive confidence intervals around mean values. 
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Figure 3-6.  Density estimates (overwintering weevils per m2 ± 1.96 SE) at different soil depths 
in native and improved potato fields seeded tikpa (Nat-Tik) a nd cutilpo (Imp-Cut) 
respectively. 
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Figure 3-7. Regression line for the estimation of the coefficients of the Taylor power law. 
Log(var) = 1.39 +1.66 log( mean), R2=0.92, p<0.01. 

 

Figure 3-8.  Number of soil samples necessary to e stimate the number of weevils in fields at two 
precision levels (CV = 25% and 50%) defined as the proportion away from the true 
mean.   
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Figure 3-9.  Density estimates (overwintering weevils per m2 ± 1.96 SE) at different distances 
from the field edge for potato fields in the community of Aymará.  The response 
variable was transformed as log (y+0.3) 
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Table 3-1. F ixed e ffects parameter estimates from mixed model regression of weevils/m2 on field 
strata, cropping intensity (Int) and depth.  The response variable was transformed as 
log (y+0.22). Significance of the model parameters was assessed by sequential F 
tests. 

Parameter Coefficient Lower 
C.L. 

Upper 
C.L. 

Num 
DF 

Den 
DF 

F-
value  

p-value 

Intercept 1.24 -0.53 3.02 1 52 3.78 0.057 
Strata -0.39 -0.54 -0.26 1 52 32.09 <0.0001 
Depth 0.28 0.10 0.45 1 52 74.18 <0.0001 
Depth2 -0.01 -0.01 -0.06 1 52 24.96 <0.0001 
Int -1.98 -4.95 0.99 1 2 0.56 0.53 
Depth x Int  0.08 0.03 0.13 1 22 10.85 0.0018 

 

 

Table 3-2. Taylor power law’s parameter estimates for the full model 
Pameter Coefficient Std Error t va lue p-value 

log(a) 1.391 0.09 16.00 0.00 
b 1.66 0.12 14.20 0.00 
Strata -0.03 0.02 -1.33 0.19 
Int. 0.10 0.10 1.03 0.30 
Time 0.06 0.10 0.62 0.54 
Time∙Int  -0.16 0.13 -1.17 0.25 

 



 

86 

Table 3-3. Taylor power law’s parameter estimates for the reduced model 
Parameter Coefficient Std Error t va lue p-value 

log(a) 1.38 0.09 15.87 0 
b 1.59 0.053 29.52 0 

 

Table 3-4.  Parameter estimates from mixed model regression of overwintering weevils/m2 vs. 
distance from the fields’ edges.  The response variable was transformed as log 
(y+0.3). Significance of the model parameters was assessed by sequential F tests. 

Parameter Coefficient Lower 
C.L. 

Upper 
C.L. 

Num 
DF 

Den 
DF 

F-
value  

p-value 

Intercept 3.33 -1.04 7.70 1 95 4.86 0.0299 
Strata -0.34 -0.46 -0.20 1 95 25.85 <.0001 
Time -1.75 -4.61 1.10 1 20 0.027 0.87 
Int -1.24 -4.15 1.68 1 20 2.43 0.13 
Int∙Time 1.29 -0.56 3.14 1 20 2.12 0.16 
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CHAPTER 4 
SPATIAL ECOLOGY AND MOVEMENT OF THE ANDEAN POTATO WEEVIL  

Introduction 

  The Andean mountain range has gone through a series o f changes from an uninhabited 

landscape to an intensively cultivated farming region.  In the Andes, changes in tenure practices 

are thought to have been reasons for higher pest and pathogen densities and have resulted in the 

fragmentation of fields, with shorter inter- field distances and smaller crop fields, and high field 

perimeter to area ratios (Mayer, 1978).  The environment in which the Andean weevil lives has 

changed significantly— from an initial landscape characterized by small clusters of po tato p lants 

patchily d istributed with large inter-cluster distances and an inhospitable grassland matrix to one 

with large distant communal fields which, as time has passed, has become fragmented into small 

numerous po tato fields with short inter-field distances.  Evolutionary adaptations of the potato 

weevil to po tato p lants are evidenced by the weevils’ temporal synchronicity to the potato p lant 

life cycle (Kröschel et al., 2009).  Weevils’ high oviposition rates and short body size, 

approximately 8 mm in length (Alcazar 1976), are characteristics of an “r” selected species 

(Begon et al. 1990).  High oviposition rates are expected to result in overexploitation of a po tato 

patch that leads to local extinctions of the potato plant and the weevil, producing local ephemeral 

micro habitats.  I t has been proposed that animals in patchy habitats that have a low quality 

matrix may evolve to present strong boundary responses with tortuous movement within their 

habitats and very straight movement in the landscape matrix (Fahrig 2007).  Straight movements 

in a matrix seem to be advantageous to leave areas devoid of resources (Jander 1975).  Animals 

can maintain straight pa ths only for a limited t ime in the absence of external signals (Dusenbery 

1989a, 1992); however, during longer movement bo uts they need to use environmental cues or 

collimating s timuli, cues not related to a target, as a way to maintain a straight course 
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(Dusenbery,1992).  Movement at a fixed angle to clean air is a common occurrence in a rthropod s 

studied under laboratory conditions (Sabelis and Schippers 1984, Van Tilborg et al. 2003).  It has 

been reported that some beetles and scorpions have a range of wind speeds at which they exhibit 

menotactic orientation (orientation at a fixed angle to a feature) to wind.  Wind speeds below this 

range will stop or ganisms from moving menotactilly, while at speeds above this range movement 

will stop completely.  Similar responses have also been recorded in the carrion beetle 

Necrophorus humator (Heinzel and Böhm 1989).  Several theoretical models have been 

proposed to try to explain the efficiency of anemotactic wind searches to find host odor plumes 

in regards to d ifferent modes of insect locomotion and for the variability in wind (Sabelis and 

Schippers 1984, Dusenbery 1989b).  Travelling perpendicular to the wind under steady wind 

conditions or up or downwind under some wind shifting conditions is expected to be 

advantageous for finding odor plumes in nature.  Insects seem not to be limited to the use of one 

collimating s timulus.  In cage experiments, Kjaerpedersen (1992) reported that at windspeeds 

over 1.5 m/s, the cabbage seedpod weevil presented a negative anemotactic (downwind 

move ment) response when its host odor was absent.  At lower windspeeds, phototaxis dominated 

its orientation stimulus.  On the other hand, when odor was present the weevils showed a positive 

anemotactic response.  Odor conditioned anemotaxis, is a way to circumvent the use of odor 

concentration gradients to locate mates or food plants as steep odor gradients occur only at short 

distances from an odor source, thus limiting instantaneous comparisons to nearby sources (Visser 

1986).  The location of hosts by trial and error in areas of low resource densities is expected to 

induce a great cost due to pr edation, parasitism and starvation in walking insects (Bierzychudek 

et al. 2009).  Detection distances or perceptual ranges are important determinants of the search 

time spent in inhospitable matrix a nd t he effect that fragmentation has on organisms’ success in 
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dispersing to new patches of habitat (Zollner, 2000 ).  Detection distances at which insects 

perceive resources may vary under d ifferent environmental conditions (Zollner and Lima 1999, 

Schooley and Wiens 2003).  Wind creates a changing and dynamic connectivity on a landscape 

as it c hanges the perceptual ranges of olfactory species (Schooley and Wiens, 2003).  On the 

resource concentration hypothesis it is expected that insects that locate their resource patches 

primarily by olfaction will occur in direct proportion to their plant area (Bowman et al. 2002).  

Once inside habitat pa tches monophagous o r o ligop hagous insects are known to use a 

combination of behavioral responses to avoid leaving them or that allow them to distinguish their 

edges to remain in them (Pienkowski and Golik, 1969).   

As the Andean landscape has become filled with small potato fields as the result of 

intensification pressures it is likely to have increased the connectivity o f potato habitat, favoring 

pest dispersal among potato patches.  In order to have a better understating of these processes it 

is necessary to study the ability o f weevils to colonize a potato field which is likely related to 

the ir ability to perceive a potato pa tch (modified by environmental conditions) and the efficiency 

of their ranging strategy under different landscape configuration and environmental effects such 

as moisture and temperature.   

This study hypothesizes that the evolution of the Andean potato weevil in inhospitable matrix 

conditions (i.e. grasslands) will have selected for low dispersal from potato patches and high 

perceptual abilities and straight movement using wind as a collimating stimuli when in 

grasslands to e fficiently locate new habitat.  Inside the po tato field this mechanism might  hinder 

its dispersal away from the patch edge concentrating its damage in this area; and within this field 

area, the spatial configuration of potato tubers is expected to affect the larvae ability to detect its 

host and hence damage potential.   
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This chapter addressed these hypotheses using a model based on the potential equation 

approach to e xamine the mechanics of movement of the Andean po tato weevil and its ability to 

perceive potato pa tches from afar and to s imulate colonization under different environmental 

conditions.  S imilarly a generalized mixed model was used to evaluate how d istance from the 

edge and tuber configuration, that is the arrangement of tubers within the hill, affects the 

infestation potential of the larvae of this pest.  

Materials and Methods 

Weevil Ranging and Host Plant Location 

Site of release 

A 200 x 200 fallow field in the community of Ñuñunhuayo (Figure 4-1) was used for the 

release of the weevils. The perimeter of the field was surrounded by a double trench of 

approximately 10 cm in depth. Every o ther da y the trench was sprayed with Blitz, a green- labe l 

pyrethroid insecticide, to prevent weevils from escaping the fallow field and infesting 

neighboring potato fields.  The fallow field was demarcated with 30-centimeter tall wood s takes, 

placed every 2.5 meters in the South-North direction and every 5 meters apart in a West-East 

direction, to derive Cartesian coordinates by triangulation for the relocation of each weevil 

(Turchin 1998).  Southeast of the release field there was a large volunteer potato field (VP), and 

there was a potato field (PF) located approximately 100 meters west from the release field.  This 

field was planted by farmers in mid-November with a native po tato variety. A ny o ther potato 

field was at least 100 meters from the perimeter of the release field.   

A c ircle o f ‘‘Yungay’’ po tato po tted p lants was set up close to the middle of the fallow field 

at the beginning of February. The circle consisted of three concentric rows of potted potato 

plants one meter apart.  The distance between potato plants was 0.3 meters and the radius of the 
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circle was 6.5 meters from the center of the circle to the outer row of plants. Plants were irrigated 

as appropriate to avoid plant desiccation.  The po tted po tato p lants were planted in late 

September 2007 and kept in a greenhouse in the community to avoid colonization by pests.  A 

total of 16 weevil release sites were arranged according to a multiple site release design (Turchin 

1998). These sites were placed in NE NW SE SW directions from the potato plant circle.  Each 

direction had 4 release distances (7.5, 15, 22.5 and 30 meters) from the edge of the outer potato 

row.  At each release site, 66 weevils were released, half male and half female.  The purpose of 

the potato c ircle was to assess the weevil’s perceptual abilities and its ranging capabilities by 

artificially creating different wind (i.e. upwind, do wnwind a nd crosswind), d istance conditions 

and their interactions with the artificial potato patch.  The release was conducted on February 4th, 

2008 at 7 pm.   

Processing of the study weevils 

Weevils were collected with a funnel pitfall trap in farmers’ storage rooms.  There were 

two reasons for not culturing weevils:  (1) the numbers of weevils released was extremely high 

and having a culture of similar-aged individuals would have been difficult; and, (2) cultured 

weevils could inadvertently be selected for characteristics favorable for confinement conditions 

but unfavorable to dispersal.  The collected weevils had recently emerged, as confirmed by their 

light to medium brown color.  Weevil collection lasted approximately 2 weeks and weevils were 

not fed during their confinement.  They were kept in plastic containers (50 per container) with 

perforated lids covered with mesh and bottoms lined with tissue paper.  The containers were 

sprayed w ith water every o ther da y to ke ep an appropriate moisture level. Weevils were painted 

yellow on the elytra with Day-Glo water-based non-toxic paint (BioQuip, USA).  Thereafter, 

plasticized paper tags with indentifying numbers were adhered to the elytra with very small 
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quantities of Cyanoacrylate-based glue in ventilated conditions.  Tests were carried out to 

investigate the effect of the glue on weevil mortality.  No mortality effect could be detected, as 

indicated by  Boiteau et al. (2009) who used this type of glue on the Colorado Potato Beetle and 

plum curculio and found no differences in mortality or displacement in their study. Higher 

mortality rates for corn rootworm were present, however, and suggested to be an effect of a thin 

cuticle. 

Weather monitoring 

Weather was monitored at the center of the field by a Wizard III Weather Station (Davies, 

USA), mainly to determine windspeeds and directions by an anemometer located 1.80 meters 

above ground.  Wind speed and direction were averaged every 10 minutes. Similarly, 

temperature was measured on site at one hour intervals by a HOBO probe and data logger 

(Bourne, USA).  The probe was placed on the ground.  Relative air humidity was measured a t a 

nearby HOBO weather station, not more than 3 k m away. 

Weevil tracking 

After release, weevils were tracked each night by walking west to east transects using t he 

wooden stakes as guides. In order not to bias the relocation positions, transects were randomized 

and assigned to trackers each night. Tracking was conducted between 8 pm and 12 am by 

persons carrying UV flashlights and using UV protective eyewear. Once a person came across a 

weevil its label was read with a magnifying glass to cause minimal disturbance to the insect, and 

a flag labeled with the weevil’s tag and time of encounter placed in the ground close to the 

weevil.  F lag pos itions were measured through triangulation (Turchin 1998) the following day. 

In the case that a weevil d id not hide during the next da y and remained next to the flag, t he insect 

was inspected to see if death had occurred.  All weevils encountered in this way were dead.  The 
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release was conducted on February 5 and weevils were tracked for 18 nights.  Data used for the 

analysis included only the first 14 nights, because the potato potted plants started to deteriorate 

after time.  Prior to the main release, the impact on relocation was measured by releasing single 

painted weevils and relocating half these weevils (chosen at random) on the second night, 

followed by all weevils on the third night.  Direction and movement lengths were compared by 

ANOVA and Watson circular tests, and no differences were found.  

Ranging and perceptual range  model  

Weevil trajectories were modeled using a potential equation framework adapted by 

Brillinger (2002) to animal motion.  This framework models animal motion by stochastic 

differential equations that include a dr ift term that relates animal movement to a “force field” 

through a potential equation.  This force field is expected to affect weevil velocities and 

movement directions.  Low areas of potential are indicative of a higher attraction than high ones.  

Following Brillinger’s work, Preisler (2004) described a stochastic differential equation for 

modeling animal movements as incremental steps in the X and Y direction at a certain location 

and time as: 

  (4-1) 

  where incremental step sizes dX(t) and dY(t) correspond to t he x and y d irections and a re 

a function of random and deterministic processes.  The random processes enter the equation 

through the parameters 𝜓𝜓𝑥𝑥 ,𝑦𝑦  which have an expected value o f 0 a nd a re controlled b y a d iffus ion 

matrix (D) that models their correlations in the y and x directions.  S imilarly, the dr ift parameter 

vector µ = (µx , µy) ´depends on time and location  and can be estimated by the approximation of 

the stochastic differential equations by the following difference equations:  

(Xi+1-Xi)/( ti+1-ti) = µ(Xi,Yi,ti)+σxε1i/(ti+1- ti)  (4-2) 
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 (Yi+1-Yi)/( ti+1-ti) = µ(Xi,Yi,ti)+σyε2i/(ti+1- ti) (4-3) 

Where the left hand s ide terms represent the velocities of an animal in the x or y direction as a 

function o f the veloc ity generated b y the dr ift term and the white noise terms ε1i and ε2i with 

standard deviations of σx and σy respectively.  The relation of the drift term µ (r,t) and the 

potential equation is given by the negative gradient o f the pot ential equation (H) through the 

following equation: 

  (4-4) 

The potential equation model for this study was implemented through a mixed regression model 

in the statistical package R (R Development team, 2008).  For modeling weevil drift, the 

potential function (4-5) employed by Brillinger (2007) was used. 

 H(r) = α·log (|r|) + β·|r| (4-5) 

The equation was used to model the drift of three potato patches which included an 

artificial circular patch, a volunteer potato field, and a planted potato field.  The α term (when 

positive) in the equation is a scale parameter and de termines how fast the potential will decrease 

as a function o f d istance (r) to the attraction source while the β is a shift parameter.  For the 

model estimation only the derivative of log (r) was used as it was highly collinear with the 

derivative of r.  Additional explanatory variables included the two way interactions between 

winds in t he x o r y d irections and t he derivative o f the po tential equation term log r for each 

potato patch.  It was expected that at higher wind velocities the potential would decrease faster, 

resulting into a faster increase in the attraction towards the potato patch.  The position of the 

potato patches in relation to the weevils only allowed for five of many possible interactions 

among predictor variables: an interaction be tween the southward a nd w estward wind 

components with the de rivative o f the log (r) potential equation term of the volunteer potato 
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patch that was located east of the release site and the interactions between the south, north and 

eastward wind components and the potential term of the potato field located on the west side of 

the release site.  For the circular potato patch the wind down the patch blowing into the weevils 

was used in an interaction with the po tential equation term for this circular patch.  Additional 

wind speed quadratic terms were used to model the effect of wind on weevil ranging as wind will 

elicit ranging at intermediate speeds and will decrease or stop at low or high wind speeds.  

Similarly, a diffusion matrix was set up to model the correlation in the residuals between time 

steps.  The correlation between the model residuals of the weevils’ consecutive velocities was 

modeled with the use of an autocorrelation structure of order three.  Likewise, additional terms to 

model the random processes of weevil movement included relative humidity, soil surface 

temperature, conspecific density, and the effect of daily environmental factors.  High 

temperatures, low humidity and weak winds are generally reported to increase insect dispersal 

(Okubo and Kareiva 2001).  These covariates were used to weight the residual variances by 

categorical or continuous variables.  It was expected that temperature and relative air humidity 

would encourage higher movement rates as prior to the experiment it was observed that weevils 

had higher mortality rates and were less active under no rain conditions.  While high temperature 

and relative humidity were expected to encourage higher random movement rates, higher local 

weevil densities were expected to reduce movement rates as the family C urculionidae is known 

to pr esent aggregation pheromones (Ambrogi et al. 2009) which are expected to concentrate 

weevils and lower their movement rates.  Model selection for the random effect and variance 

scaling structures and all the parameters expected to have an effect on movement was performed 

via the Akaike Information Criterion (AIC), using the mixed-effect model selection protocol 

described in Zuur et al. (2009).  W ind interaction terms with a particular po tato pa tch were 
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evaluated as group per potato patch.  A total of 1832 weevil velocities were used for the model 

estimation. 

A posterior simulation check (Gelman and Hill 2007 ) was performed to test the model 

dispersal predictions.  This simulation consisted o f using the model to s imulate da ily movements 

for individual weevils for a total of 13 da ys.  A modified version of the simulate function in the 

package nlme of R (R Development Team, 2008) was used to generate new movement values.  

Resight loc ations from the second day of release were used as the weevil starting points.  

Weather variables estimated during the times of highest weevil movement were sampled with 

replacement and used for the model’s predictions.  Similarly, the number of conspecifics present 

in a 2.5 meter radius (estimated from the resight weevil pos ition da ta) was included in the 

variance component o f the mode l for predicting w eevil movements.  The three p revious nights’ 

movements computed from the simulations were also used for prediction of new movements.  A 

total of one hundred simulations were run for 702 weevils and 95% confidence error intervals 

were derived from the weevils’ computed movements.  The confidence intervals derived from 

these simulations included both the effects of the process error from the within variation o f 

individual weevils movements and the process error from the sampling d istribution of the fixed-

effect parameter estimates, which are assumed to be multivariate normally distributed with 

means equal to the estimated values and a variance covariance matrix estimated from the 

curvature of the likelihood s urface at the maximum likelihood p arameter estimation. 

Accuracy of the predictions was assessed visually by comparing the real movement 

measurements to the simulated ones.  These movement measurements included: (1) mean daily 

weevil pos ition in t he x and y d irection; and (2). mean net squared displacement.  Net squared 

displacement is the squared distance from the beginning to the end of a weevil path. 
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Movement Simulation under different weather conditions   

The model was used s imulate the dispersal distances under different weather conditions 

observed in the data set, to test effect of changes in relative humidity and soil temperature on 

weevil dispersal distances.  The tempe rature and humidity data first (25%) and third quartiles 

(75%) were used to s imulate dispersal under different weather conditions.  These quartiles were 

used in order not to p redict far away from most data po ints.  However, it was of interest to 

simulate movement at more extreme weather conditions and therefore simulations were run on 

the maximum relative humidity and temperature as well.  Therefore two combinations of 

temperature and relative humidity were tested and included: a low temperature (10.97) and low 

relative humidity (51.17), and high (11.86) temperature and high relative humidity (63.71) 

combinations corresponding to the first and third quartiles of the weather data.  In add ition one 

last simulation was run at the maximum temperature (14.27) and relative humidity (82.23%).  

The covariate measurements for soil temperature and relative humidity for maximum and the 

first and third quartiles were not from the same observations. 

The simulations were also run by a modified version of the simulate version o f the nlme 

package in R.  A total of 1000 weevils were simulated a t the pop ulation level for a total of 13 

days after which the d istance from its starting pos ition to its final pos ition was recorded.  Each 

weevil was simulated for a movement period o f 5 hours per night at the median wind speeds 

observed for the data (-0.46 and -0.07 m/s in the x and y d irections respectively).  The 

surrounding weevil densities for the simulated weevils were set at zero.  The movement 

distribution for each temperature and relative humidity combination was evaluated by examining 

the quantiles o f the movement distances.  
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Tuberization Architecture and Larval Colonization  

Tuber depth and infestation potential  

Sets of 9 tubers weighing 30.2 ±1.5 grams were buried at different depths. Tubers 

belonging to the ‘Yungay’ variety (Solanum tuberosum) were checked for potato weevil larval 

galleries before use in all the experiments. Nine clean tubers (no damage) were placed in square 

holes of 0.20x0.20 m. (Figure 4-2) at different treatment depths (5, 10, 20, 30, 40 cm). 

Treatments included a control group set up at a depth of 5 c m. Soil extracted from the holes was 

mixed and used to cover back each hole for all assays. All assay infestations started at 10 :30 a m 

by releasing 100 larvae at the center of each replicate. Treatments were arranged in a randomized 

block design with five replicates each for all assays. S imilarly, a ll infestation distances were 

separated by 1.40 meters in order to prevent cross infestation between treatment replicates.  

Evaluations of all experiments were conducted a month after infestation by counting the 

total number of larvae in the tubers within a replicate.  Regression analyzes were conducted by 

regressing the number of larvae per tuber against the treatment type as fixed effects and block as 

a random effect us ing the linear mixed effect model procedure (lme) from the R statistical 

package.  The dependent variables were transformed to meet the assumption of a normal error 

distribution whenever needed. 

Horizontal tuber distance and infestation potential  

Five treatments and a control were used for this experiment. For each treatment a 

circumference of potato tubers, each weighing 30.2 (± 1.5) grams was placed in the soil at a 

depth of 10 cm (Figure 4-2). The treatments included c ircumferences with different radii from 

the release point (5, 10,20,30,40 cm).  After placement the tubers they were covered with soil.  A 

total of 100 larvae were released at the center of each circumference.  
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Tuber size and infestation potential  

Three sizes of tubers weighing 106 ± 3.4, 59.3 ± 1.4 and 20.6 ± 0.4 grams were evaluated 

to test the potential of larvae to infest them.  Four tubers were arranged in a circle of radius 10 

cm at 90 degrees from each other (in a hole that was10 cm deep). After covering the hole, 100 

neonate larvae were released at the center of the circle.   

Weevil infestation at the plot level 

The high yielding potato variety ‘Yungay’ (Solanum tuberosum) and the native variety 

‘Peruanita’(Solanum goniocalyx) were planted s imultaneously in the last week o f November 

2006 using the traditional potato planting method called barbecho (see Chapter 2). With this 

method, t he soil surface is tilled before seeding with the help o f a foot plow.  A randomized 

complete b lock design was used with six blocks and one plot of each plant variety in each block.  

In these blocks, other treatments were present, but are not considered here.  Each field plot 

measured 4.5 x 3.6 m and contained five hills 0.9 meters apart and parallel to each other.  In each 

hill, ten potato tubers were planted with 0.3 m between tubers to give 50 plants per plot.  Manual 

weeding was carried out in the 3rd week of January and hilling in the 1st week of February.  

In each experimental plot, 50 male and 50 female weevils (100 total weevils) were released 

at the center of the edge of the first potato hill (on the north side) during the late afternoon in the 

second week of February. The release was carried out after hilling to avoid weevil damage and 

mortality from field cultivation. After natural senescence of the potato p lant, five plants per hill 

(total of 25 p lants per plot) were harvested in June at random from each hill in each experimental 

plot to evaluate tuber damage. Prior to harvest, three cross-sectional profiles of each plant in the 

hill (two half-way between plants and one at the center of the plant) were used to estimate the 

tuber depths within the hill with a metal table placed in the hill (Figure 4-3). Subsequently, tuber 
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coordinates (XYZ) were obtained with this table. The labeled tubers from each plant were placed 

in a labeled bag.  The bags were randomly selected for evaluation to avoid bias as a result of time 

of inspection.  The variables measured were X,Y field coordinates and for harvest tubers, the xyz 

location in relation the stem of the plant, girth, weight, and numbers of larval instars (1-4) and 

exit holes. There were missing data because some tags were lost and others were erased, but it is 

expected that the missing da ta were lost at random.   

For the analysis, the response variable consisted of the sum of the number of larvae and 

larval exit holes encountered per tuber (L1+L2+L3+L4+Exit holes). Fixed effect covariates in 

relation to the plant included: x (perpendicular to the hill), and y (along the hill) distances from 

the plant stem, depth (z) of the tuber, tuber girth, number of tubers in the plant, and plant species. 

The random effect variable included in the model was field plot.  To analyze the data, a 

generalized linear mixed model was used.  The procedure used for the analyses was the 

glmmPQL procedure from the statistical package R (R Development Team, 2009).  A Penalized 

Quasilikelihood is used by these models to approximate the likelihood to estimate model 

parameters (Bolker et al. 2009).  A glmmPQL was used with a binomial error distribution.  O nce 

the model was executed, residuals belonging to all fields were assessed for a spatial signature by 

using a n isotropic variogram both at the plant and field level.  At the plant level, the range of the 

variogram (the distance at which the variance reached its peak between different tuber distances) 

was 8 c m.  A mod el with a  variogram correlation structure was used to account for data 

autocorrelation. Upon inspection of the residuals, however, a spatial signature was still present.  

To eliminate the spatial signature, the data were resampled at distances larger than the 

range (8 cm).  After resampling, an autocorrelation structure of order one at the plot level was 

used for the regression to address any remaining autocorrelation.  Autocorrelation was assessed 
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per each field level at different directions (0, 45, 90,135 degrees), and no apparent pattern was 

recognizable in the plots.  Residuals were checked for model fit and against different variables to 

detect remaining r esidual patterns. 

Results  

Weevil Ranging and Host Plant Location 

Environmental conditions 

The mean average night  relative humidity and soil surface temperatures (Figure, 4-4) during 

the time of the study (02/04/08 to 02/17/08) at the expected movement times (7:00 pm to 12:00 

am) were 59.20 RH and 11.5 degrees Celsius, respectively.  Similarly, the mean wind speed and 

direction were 1.18 m/s and 337°, respectively (Figure, 4-5).  I nitial weevil mortality was high 

compared to the other days of the study, possibly because during the two days previous to the 

release containers were not inspected for dead weevils.  Mortality rates at later days did not 

appear to vary with time and hence age seemed not to be the main cause of death.  

Movement model selection and posterior simulation checks 

  Weevils moved in a southeasterly direction (150°) coinciding with the pathway to the volunteer 

potato patch and upwind (wind = 337°).  Weevils displaced at 1.42 (SD = ±1.87) meters per hour 

for approximately 5 hours (expected) of movement per night.  This movement rate was similar to 

previously reported movement rates by Chavez (1996). 

Model selection via AIC selected two models as the best model candidates as they were 

similar in their predictive power (2.4 AIC units apart) and only differed by one term (the 

interaction for downwind and the derivative of the potential equation term for the circular patch).  

Because the first model showed evidence of numerical fitting problems (i.e. a non pos itive 
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definitive estimated variance-covariance matrix of the estimated parameters), the second one was 

used to describe the parameter estimates in the model and to run the simulation checks.   

Model selection results (Table 4-1) indicated that the model with the best predictive ability 

(lowest AIC change) contained a combined variance scaling structure (Pinheiro and Bates 2002) 

which included five variance scaling factors. The first factor estimated one variance scaling 

factor for each day of movement. Scaling factors ranged from 0.81 to 2.13 allowing for daily 

changes specific to the stochastic component of the model. S imilarly, a variance scaling factor as 

an exponential function of the number of conspecific weevils present in a 2.5 meter radius 

(surrounding the moving weevil) scaled the residual variance from 0.84 to 0.08 as surrounding 

weevil densities increased from 1 to 30.  A variance scaling function as the power of the time 

between relocations was estimated by the model.  Finally, positive variance scaling as an 

exponential function of temperature and relative humidity improved the model fit.  The residual 

variance of the weevil velocity was expected to increase by a factor from 0.31 to 0.41 if the 

temperature of the soil increased from 10 to 14 degrees Celsius while the residual variance 

would increase by a factor of 3.13 to 6.20 with an increase from 50 to 80 % in relative humidity.  

The model included an additional autoregressive term of order three to account for the 

autocorrelation structure between da ily movements nested within individual weevils and within 

individual weevils nested by movement direction (x or y).  The phi parameter for this 

autoregressive decayed from 0.16 to 0.082 for lags one to three.  A random effect nesting 

structure for individual weevils was also used in the model.  This term was close to zero 

indicating little variability be tween weevils in the studied pop ulation.  Both the autocorrelation 

and r andom effect structures accounted for most of the autocorrelation present in data between 

movement velocities.  Only a 0.05 residual correlation between movement steps was left over in 
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the data.  Selected fixed parameter estimates (Table 4-2, 4-3) included the potential equation 

gradient terms corresponding to the partial derivative of the logged d istance to the individual 

potato patches (PF, R and VP).  Wind speeds, and their interactions with the potential equation 

gradient terms for PF and VP improved the predictive ability of the model.  The final fixed 

effects structure of the model was: 

Vel = wxp+wxn+wyp+wyn+(wxp)2+(wxn)2+(wyp)2+(wyn)2+α1+α2+α3+wxnα2+wypα2+wxpα3+wypα3+ wynα3 

where w stands for wind speed (m/s) in the x or y direction, the subscript p or n indicates whether 

the wind was in the positive or negative x or y direction.  These are equivalent to compass 

directions for example wxp and wyn correspond to eastward and southward winds.  The potential 

equation gradients for the circular patch and volunteer and cultivated potato fields are 

represented by the symbols α1, α2, α3 respectively.  Figure 4-10 shows the estimated weevil 

velocities (x10) at different parts of the field under the median x wind veloc ity of -42 m/s a nd a  

wind y veloc ity o f - 0.07.  It can be observed that drastic changes in weevil velocities occur 

mostly between the first 50 meters from the volunteer po tato field (Figure 4-6).  Results from a 

simulation run can be observed in Figure 4-7.  M ean d isplacements in the x and y d irections 

(Figure 4-8, 4-9) were similar between the observed and simulated values. The observed weevil 

mean net squared displacement (Figure 4-10) was non- linear. 

Movement Simulation under Different Weather Conditions  

The maximum dispersal distance for the time period s imulated was for the maximum 

temperatures and humidity values present in the data set.  These were followed by the third and 

first quartile temperatures and humidity respectively (Figures, 4-13, 4-12, 4-11).  There was a 

moderate increase in the median dispersal distance (44.77 and 51.37) be tween the first and the 

third quartile temperature and humidity. This distance increased to 75.84 meters for the 

maximum humidity and temperature (14.27°C and 86% RH).  As temperature increased there 
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was a change in the shape of the dispersal curve to a right skewed curve indicating a n increase in 

the occurrence of high dispersal events. The 95 % quantiles for the three d istributions increasing 

in order of temperature and humidity were 85.7, 106.8 and 165 meters respectively. 

Tuberization Architecture and Larval Colonization  

Tuber Infestation  

In the assays, none o f the controls were infested, and it was assumed that the base level for 

tuber infestation in the samples was zero.  The effect of tuber depth (Figure 4-14, Table 4-5) and 

horizontal distance (Figure 4-15, Table 4-6) from the plant significantly reduced the number of 

colonizing larvae. Horizontal colonization rates decreased from 17.18 (CI = 10.15 to 28.84) larva 

to 1.27 (CI= 0.51 to 1.27) from 5 cm to 40 cm in the horizontal distance, while depth 

colonization rates decreased from 9.75 (CI = 4.59 to 20.16) to 0.88 (CI = 0.16 to 2.37), for 

depths of 5 and 40, respectively.  There were no significant correlations detected between larval 

colonization rates and tuber size.   

Plot infestation  

Descriptive results  

Tuber spatial configurations differed between the ‘Peruanita’ and ‘Yungay’ potato varieties 

(Figure 4-16, 4-17).  Mean tuber horizontal distance from plant stem was shorter for ‘Peruanita’ 

(4.21, SE = ± 0.12 cm) than for the ‘Yungay’ plants (8.06, SE = ± 0.21 cm).  S imilarly, the y 

mean distance from the potato p lant was higher for ‘Yungay’ potato plants (5.69, SE = ± 0.16 

cm) than for the ‘Peruanita’variety (4.19, SE = ± 0.14 cm).  ‘Yungay’ potato p lants had a slightly 

higher tuberization depth (9.18, SE = ± 0.20 cm) than the ‘Peruanita’variety (8.67, SE = ± 0.21 

cm).  O n the ot her hand ‘Peruanita’plants had higher mean numbers of tubers (21.35 SE = ± 
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0.55) than the ‘Yungay’ variety (18.55, SE= ± 0.67).  Tuber mean girth was higher for ‘Yungay’ 

potato plants (15.69, SE= ± 0.16 cm) than for ‘Peruanita’plants (12.05, SE= ± 0.14 cm).   

The mean proportion of colonized tubers per plant for the improved varieties (0.34, SE = 

±0.09) was slightly higher than for native (0.31, SE = ± 0.01) potato varieties.  S imilarly, the 

mean larval count  for the ‘Yungay’ (15.75, SE = ± 1.37) variety was higher than for the 

‘Peruanita’potato plants (13.38, SE = ± 1.1).  The improved variety ‘Yungay’ (8.49, SE = ± 0.93 

cm) had higher mean older larval counts (fourth larval instars plus exit holes) per plant than the 

‘Peruanita’variety plants (6.34, SE = ± 0.79).  There were small differences in the mean younger 

larval counts between the varieties ‘Peruanita’(7.26, SE = ± 0.80) and ‘Yungay’ (7.04, SE = ± 

0.61). 

Field plot tuber architecture model results 

 Logistic regression analys is indicated t hat there was a significant negative relationship 

with distances away from the plot origin (0,0) in the x direction (Figure 4-18, Table 4-6).  

Similarly, d istance along the x-axis from the plant stem had a significant effect on the probability 

of tuber colonization (Figure 4-19).  The probability of colonization decreased from 0.40 to 0.08 

from 0 to 33 centimeters from the plant stem (across the furrow).  This, however, was not 

observed for the y distance from the plant stem to the tubers.  S imilarly, depth did not have an 

apparent effect on the probability of tuber colonization by larvae.  There was a significant 

positive relationship between tuber girth and the probability of colonization by larvae (Figure 4-

20).  O n the o ther hand, the probability o f a tube r to be colonized d id not correlate with the 

number of tubers present in a plant.  F inally, t here was no significant varietal effect on larval 

colonization.  The p-value Hosmer-Lemeshow goodness of the fit test was 0.16 (X2=11.78, df = 

8) showing good fit to the data. 
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Discussion  

The best model candidate included several terms for scaling the weevil movement variances 

and therefore non-directed movement.  The mode l with the lowest AIC change was the mode l 

with factors for scaling the residual variance of weevil velocities as functions of the time elapsed 

between relocations, the number of weevils surrounding the moving weevil, temperature, relative 

air humidity and t he da y o f movement.  The variance scaling factors for the da y o f movement 

seem to be based on a combination of environmental effects, which might impact movement.  I n 

addition to environmental factors, changes in the characteristics of the matrix as weevils 

dispersed could have resulted from changes in its permeability and affected movement (Schoo ley 

and Wiens 2004).  There were also important intra-specific effects due to surrounding 

neighboring weevils.  This pattern was evidenced b y a negative scaling function o f the variance 

(i.e. slower movement) as the number of weevils increased.  Curculionidae are well known to use 

aggregation pheromones (Ambrogil, 2009) and unpublished results seem to indicate conspecific 

attraction for species studied.  This seems to be responsible for the slower initial dispersal of 

weevils that could be observed in the net squared d isplacement. Relative air humidity and 

temperature seemed key in weevil dispersal and are likely to enhance the ability of the weevils to 

disperse.  While temperature is a factor known to a ffect insect dispersal (Walters et al. 2006), 

relative humidity might be of particular importance to the weevil as these insects are likely to 

desiccate in the absence of appropr iate moisture levels (pe rsonal ob servation).  In the 

simulations, these factors were responsible for increasing the median length of dispersal by 

almost twice at the maximum temperature and relative air humidity.  The presence of significant 

autocorrelation among nights movement indicates that weevils may be responding to collimating 

stimuli or that the po tential equation term was not able to a ccount for all the attraction generated 
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by the potato sources (measured or unmeasured).  Different types of collimating stimuli are 

reported to be used by different insects and include cues as diverse as polarization of light 

(Dacke et al. 2004) to magnetic fields (Vacha et al. 2008).  Ranging using wind as a collimating 

stimulus was difficult to identify as potato sources were opposing to each other.  The study 

indicated the presence of drift towards all potato patches.  The highest drift to the potato patches 

seemed to occur within the first hundred meters from the volunteer potato field evidenced by the 

change in weevil velocity towards this patch.  Wind and potato patches as expected had a 

synergistic positive effect on weevil velocities with decreasing distances from the volunteer and 

cultivated po tato field with the exception of the smallest artificial pa tch.  Previous studies that 

indicate that distances for the elicitation of pos itive taxis toward food p lants range from 

approximately one meter up to a 100 (Schoonhoven et al. 1998).  This experiment cannot rule 

out that the responses towards the potato patches could be due only to either potato plants or 

conspecific or bo th.  However, assay seems to show that drift within tens of meters downwind 

from po tato sources and shorter interfield d istances within this range should have an important 

impact of the weevils’ ability to locate these sources.  On several occasions weevils could be 

seen climbing grass hedges and waving their antennae as if this behavior could correspond to a 

strategy to locate odo r plumes.  

Larval colonization of the two potato species in the study plot suggests that one o f the most 

important factors for larval infestation was tuber girth.  This may be related to the longer 

exposure of the tuber to colonization of larvae rather than to its size per se, because larger tubers 

tend to be older.  A lack of relation in the tuber infestation experiment could be attributed to a 

lack of statistical power to detect this effect or possibly that the larvae do not derive any 
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additional perception cues due to tuber size/girth.  Further research on the mechanisms of larval 

detection of potato tubers is needed to clarify these patterns.  

The horizontal distance tuber experiments indicated a reduction in larval colonization rates as 

distance from the tubers to release point increased.  A potential confounding problem with this 

experiment was that the circle of potato tubers used to test distances had a different number of 

tubers for each distance category. T his could have an e ffect on the colonization po tential o f the 

larvae which could have caused similar colonization rates in the first three distance categories.  

The plot experiment suggests that this relationship may be more complex in the field, because 

colonization rates did not decrease significantly for the y distances from the potato p lant stem, 

but they were d ifferent for the d istances in t he x d irection from the p lant stem.  There a re two 

potential explanations for this.  F irst, the overlapping canopies of two consecutive potato plants 

may provide the perception of a continuous environment along the y d irection and not in the x 

direction where the female weevils might perceive a higher contrast be tween their habitats and 

the matrix.  Second, these results could be due to a topographic effect on weevil behavior.  There 

have been anecdotal observations, supported by a behavioral assay, that in the presence of a 

slanted surface or hill the Colorado potato beetle tended to move up slope (Pelletier and Caissie 

2001).   

The autocorrelation present a t the plant level of 8 c m is likely to cause a portion of the 

aggregation structure present in the weevil field’s distribution.  This is likely to be the effect of 

cluster oviposition patterns by females (Carbajal 1992).  This short range seems also to suggest 

that larvae may not disperse highly when look ing for potato tubers especially if they are close by.  

Depth did not have an important effect on the colonization of tubers at the plot level, even 

though it had an e ffect in the tuber infestation experiment.  This could be due to the higher 
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depths (30, 40 cm) present in the tuber depth colonization experiment.  Three quarters of the 

potato tubers in the plot assay occurred at depths that were 11 centimeters or less.  In addition, 

CO2, a gas used by root feeding insects in the soil to find food resources, is reported to difusse 

faster vertically than horizontally (Johnson and Gregory 2006) and since depth differences were 

small this might not have altered the ability o f larvae to detect the tubers. 

  This study indicated that the Andean potato weevil has good perceptual abilities to de tect its 

host and some ability to maintain correlated movements between nights.  These traits are likely 

to be characteristic of species that have evolved in inhospitable matrices.  Additionally, the high 

colonization of the outermost hills of field p lots seems to indicate low weevil dispersal once in 

its habitat.  These behavioral patterns are of importance especially as land intensification 

increases and distances between fields are shortened, since such conditions may enable higher 

field weevil densities.  Similarly, temperature and relative humidity are important environmental 

variables that will control random movement in these insects.  It is important to understand how 

climate change and ENSO year might  have an impact on the colonization potential of this pest. 

Simulations using the models developed for this study would a llow for a better understanding 

of the colonization potential of these pests under different environmental or landscape 

configuration conditions.  The complementary tuber experiment indicated that stolon length is a 

critical feature for tubers to avoid weevil colonization.  Therefore, the longer stolon lengths of 

the high-yielding variety used in this experiment, when compared to many native varieties, may 

have d iscouraged its colonization by weevils.   Upon further confirmation of this phenomenon, 

long stolon length of potatoes might be an important trait for plant breeders to help Andean 

farmers avoid pest colonization events. 
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Figure 4-1.  Weevil release site, blue dots represent release sites, R, VP and PF stand for the 
circular, volunteer and potato fields.  
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Figure 4-2.  Tuber a rrangements for A) hor izontal and B) depth infestation trials. 

 

 

Figure 4-3.  Measuring device to derive tuber position to evaluate tuber damage within potato 
hills  
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Figure 4-4.  Mean relative humidity and temperatures from 7 pm to 12 am across days. 

 

Figure 4-5.  Mean wind directions for weevils tracked over the period of study  
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Figure 4-6.  Field of weevil velocities (x10) as a function distance to potato patches at the 
median x and y wind veloc ities o f -0.41 m/s and -0.07 m/s respectively. 
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Figure 4-7.  A graphical description of a weevil dispersal simulation used to build the 95% 
confidence intervals for the simulation check.  Numbers at the top of each graph 
represent the day of the simulation.  The inner box represents the release field (200 x 
200 meters).  
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Figure 4-8.  S imulated and obs erved mean weevil po sition by da y in x d irection. 
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Figure 4-9.  Simulated and obs erved mean weevil po sition by da y in y d irection. 
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Figure 4-10.  Simulated and observed mean net squared displacement for weevils tracked  
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Figure  4-11.  S imulated weevil dispersal distance frequencies at 10.97° Celsius and 51.17% RH.  
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Figure 4-12. Simulated weevil dispersal distance frequencies at 11.9° Celsius and 64% RH.  
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Figure 4-13.  Simulated weevil dispersal distance frequencies at 14.2° Celsius and 83.2% RH. 
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Figure 4-14.  Average number of larvae (±1.96 SE) as a function of tuber depth per replicate 
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Figure 4-15. Average number of larvae (±1.96 SE) per replicate as a function o f hor izontal 
distance 
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Figure 4-16. Tuber positions (cm) of the ‘Peruanita’potato p lant in three infestation experimental 
plots.  Furrows are a ligned with the y d irection. 
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Figure 4-17. Tuber positions (cm) of the ‘Yungay’ potato p lant in three infestation experimental 
plots.  Furrows are aligned with the y direction. 
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Figure 4-18. Probability of tuber infestation (±1.96 SE) as a function of horizontal distance from 
the field origin. 

 

Figure 4-19. Probability of tuber infestation (±1.96 SE) as a function of horizontal distance from 
the plant stem. 
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Figure 4-20.  Probability of tuber infestation (±1.96 SE) as a function tuber girth ( cm). 
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Table 4-1. Selection of variance structures and random effects for the potential equation model.  
The abbreviations AR stand for the Autocorrelation function o f time nested a nd 
within d irection (x, y) and nested within individual weevil. Rnd stands for the random 
effect of weevil direction nested within individual. The abbreviations Temp and RH 
stand for relative humidity and soil surface temperature (C°) and Weev. Den. for 
surrounding weevil densitiy.  Lower ΔAICc . Represent better fits.  

Scaling variables AR Rnd Df ΔAIC wi 
Time, Day, R.H., Temp., Weev.Den. AR(3)  40 0.0 0.84 
Time, Day, R.H., Temp, Weev. Den. AR(2)  39 3.4 0.16 
Time, Day, R.H., Temp, Weev. Den. AR(1)  38 42.5 <0.001 
Time, Day, R.H., Temp, Weev. Den.   37 102.3 <0.001 
Time, Day, R.H., Temp, Weev. Den.   36 121.7 <0.001 
Time, Day, Temp., Weev. Den.   35 128.1 <0.001 
Time, Day, R.H., Weev. Den.   35 129.5 <0.001 
Time, Day, Weev. Den.   34 130.7 <0.001 
Time, R.H., Temp, Weev. Den.   23 197.1 <0.001 
Time, R.H.,Weev. Den.   22 202.9 <0.001 
Time, Temp, Weev. Den.    21 237.8 <0.001 
Time, Wee. Den.    21 246.3 <0.001 
Time, Day, R.H., Temp   35 371.5 <0.001 
Time, Day, Temp.   34 371.7 <0.001 
Time, Day   33 376.6 <0.001 
Time, Day, R.H.   34 378.0 <0.001 
Time    20 503.1 <0.001 
 
Table 4-2.  Potential equation model selection of fixed effects through Akaike Information 

Criterion.  The pot ential equation gradients for the c ircular pa tch and volunteer and 
cultivated potato fields are represented by the symbols α1, α2, and α3 respectively.  
Dwind stands for downwind from a potato patch and its wind component  

Parameters estimated df ΔAIC wi 
α1·+ α2 + α3+ α2·dwind2+ α3·dwind3+wind +wind2 38 0.0 0.77 
α1·+ α2 + α3+α1 dwind1+ α2·dwind2+ α3·dwind3+wind +wind2 40 2.4 0.228 
α1·+ α2 + α3+α1· dwind1+ α2 dwind2+ α3dwind3+wind 36 13.9 <0.001 
α1·+α2+α1·dwind1+ α2 dwind2 +wind+wind2 36 20.3 <0.001 
α1·+α2+ α3+α1·dwind1+ α2 dwind2 +wind+wind2 37 22.2 <0.001 
α1·+ α2 + α3+α1 dwind1+ α3·dwind3+wind +wind2 38 24.2 <0.001 
α2+ α3 + α2·dwind2+ α3·dwind3+wind +wind2 37 29.8 <0.001 
α1·+ α2 + α3+α1 dwind1+ α2·dwind2+ α3·dwind3 32 43.6 <0.001 
α1·+ α3+α1 dwind1+ α3·dwind3+wind+wind2 37 52.3 <0.001 
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Table 4-3. Estimated fixed effects for the potential regression equation.   
Parameter estimated Coefficient LCL. UCL. 
Downwind1 0.065 -0.07 0.21 
Southward wind 0.46 -0.4 1.38 
Northward wind -1.76 -3.57 0.05 
Westward wind 2.08 1.40 2.76 
Eastward wind 5.22 1.80 8.65 
(Southward wind)2 0.90 -0.37 2.18 
(Northward wind)2 -1.28 -3.15 0.57 
(Westward wind)2 0.52 0.25 0.79 
(Eastward wind)2 2.30 -1.80 6.41 
α1 4.57 2.75 6.39 
α2 51.86 27.46 76.26 
α3 -15.11 -52.55 22.31 
α1 Downwind1 -2.58 -6.75 1.58 
α2 Northward wind -469.86 -878.96 60.10 
α2 Westward wind -255.69 -369.47 -142.0 
α3 Eastward wind 1278.53 668.95 1888.11 
α3 Southward wind 444.372 86.76 801 
α3 Northward wind -504.21 -931.74 -76.67 
 

Table 4-4. Estimated variance scaling pa rameters for the potential regression equation.  
Parameter estimated Coeff. L.C.L U.C.L. 

Time elapsed between relocations - 0.59 - 0.72 - 0.46 
Soil surface Temperature (°C)/10 9.54 4.18 14.90 
Relative Air Humidity/10 1.14 0.33 1.95 
Weevils in 2.5 radius/10 -4.11 -4.60 -3.63 
 

Table 4-5. F ixed e ffects parameter estimates from mixed model regression for log (total larvae 
colonizing tubers+0.5) vs. tuber depth.  Sequential F tests were used to assess 
significance. 

Parameter Coefficient Lower 
C.L. 

Upper 
C.L. 

Num 
DF 

Den 
DF 

F-
value  

p-value 

Intercept 2.61 1.81 3.42 1 19 20.34 2e-04 
Depth -0.06 -0.08 -0.03 1 19 28.07 <.0001 
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Table 4-6. F ixed e ffects parameter estimates from mixed model regression for the mean total 
number of larvae colonizing tubers vs. horizontal distance from tuber.  

Parameter 
Estimate 

Coefficient C.I. Num 
DF 

Den 
DF 

p-value F-value 

Intercept 2.39 1.47 to 3.30 1 22 <0.0001 319.75 
Distance 0.12 0.015 to 0.22 1 22 <0.0001 37.83 
Distance2 -0.004 -0.0063 to .0019 1 22 0.001 14.29 

 

Table 4-7.  Logistic regression parameter estimates for the probability of infestation as a function 
of tuber position, girth and number of tubers per plant. 

Fixed effects parameters estimates 
Variable Coefficient p-value Odds Ratio Odds-Ratio 

95% C.I. 
Xstem -0.065 0.001< 0.94 0.92-0.96 
Xfield -0.015 0.001< 0.99 0.98-0.99 
(Xfield )2 2.02e-05 0.002 1.00 1.00-1.00 
Depth 0.03 0.09 1.03 0.99-1.06 
N of tubers -0.02 0.07 0.98 0.96-1.00 
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CHAPTER 5 
MODELLING POTENTIAL ADOPTION OF CROP PROTECTION IN AN ANDEAN 

LIVELIHOOD SYSTEM 

Introduction 

Integrated Pest Management has been proposed as a viable alternative to the use of 

insecticides worldwide; however, despite its introduction forty years ago pesticides still play a 

key main role in crop protection worldwide and their use is on the rise in third world countries 

(Ibrahim and Kogan, 2003).  In last twenty years there has been a steady increase in the number 

of IPM initiatives in international agricultural centers and other institutions in the developing 

world; however, it has been characterized by slow adoption constrained by a variety of reasons 

including technical, institutional, cultural, economic., educational, informational and po litical 

(Norton, 2005).  I n order to improved IPM uptake a be tter understanding of decision making in 

pest management is necessary (Meir and Williamson 2005)  as pest control decisions are complex 

and are done in response to objectives and perceptions.  Norton et al. (1984) classified crop 

protection objectives as: ensuring subsistence, reducing labor input, increasing the probability of 

a satisfactory income, increasing the proportion of high quality produce, and reducing carry-over 

pests to the following season.  Similarly, p roducer perceptions are related to the identity of the 

pest, damage caused, and control effectiveness including: which pests the farmer thinks attack 

the crop, the average damage, and some idea of worst-case damage (Norton and Mumford 1984) 

Crop protection objectives and perceptions affect farmers’ selection of pest management 

practices, as different practices provide different pest control effectiveness (perceived or real) 

and require different types and quantities of inputs.  Important factors determining the adoption 

of crop protection include: required amount of labor, competing activities for that labor, cash 

requirements and availability, access to inputs, tolerance of product damage by consumers, and 
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local and regional agro-ecological characteristics (Ortiz and Swinton 1999).  I n order to improve 

levels of adoption of non- insecticidal crop protection practices, it is necessary that famers find 

advantages over insecticide-based pest management, and that these alternative practices integrate 

well with farmers’ other agricultural and reproduction activities.  Crop protection that involves 

cultural practices, biopesticide use, biological control manipulation, threshold-based and reduced 

applications of insecticides will be denominated ecologically-based alternatives (EBA).  

In the Andes, small farmers diversify their livelihood s trategies, because they often are 

faced with a great deal of uncertainty resulting from unstable markets and political environments 

and this allows them to reduce their production risks and be resilient under adverse 

circumstances (Valdivia 2004).  Diversification is likely to complicate the adopt ion of pest 

management alternatives, as it requires that new technologies find niches within complex 

livelihood s trategies without interfering with other activities that enable farmers to s urvive.  In 

order to better understand the appropriateness of a technology, it is necessary to evaluate it 

within a particular context, rather than in the controlled conditions of a research station.  This is 

also the case for crop protection technologies (Putter 1987). 

For the purpose of this chapter Ellis’ (1993) definition of peasants will be used. He defines 

peasants as:  

…households which derive their livelihoods mainly from agriculture, utilize mainly family 
labor in farm production, and are characterized by partial engagement in input and output 
markets which are often imperfect or incomplete. (Ellis, 1993 : 13). 

Livelihood Systems Framework and Its Relation to Pest Management 

Peasants are known to endure minimal returns as calculated by neo-classical economists 

since their livelihoods do not constitute a business (Sullivan 2000).  S tudying Russian serf 

families under non-market conditions, C hayanov demonstrated t hat even if land a nd labor  were 
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available, farmers produced only the necessary output to satisfy their basic needs and avoided 

producing beyond this point leading to “extra labor” or increased labor “drudgery.”  He invoked 

the term, “producer consumer ratio,” to explain the farmer’s drive for output to satisfy the 

household’s basic needs under different family compositions (Thorner 1986). 

The economist Theodore Schultz (1964) contested the long-held view of farmers’ 

economic inefficiency by reexamining it and contending that farmers allocated resources 

extremely efficiently based on their knowledge and cultural background.  Schultz (1964: 37) 

hypothesized that “there are comparatively few significant inefficiencies in the allocation of the 

factors of production in traditional agriculture.”   I n his work, it is implicitly assumed that 

smallholders aim to maximize their economic output inferring that people are poor “…because 

the factors on which the economy is dependent are not capable of producing more under the 

existing c ircumstances.”   

In regards to Peruvian peasantry, Caballero (1983) put forward the hypot hesis that 

Peruvian peasants assign their resources to e nsure subsistence first, a nd t hey use the surplus to 

maximize income.  Kervyn (1996) proposed that the prioritization of resources and economic 

objectives depends on different factors available and is farmer specific further emphasizing the 

need to create a typology of resource utilization. 

  The livelihood s ystems framework (Ellis 2000 ) addresses the practictioners’ concerns of 

smallholder diversity by systematizing s mallholders on the basis of their livelihood s trategies.  

Livelihood s trategies comprise the subset o f activities chosen by a household from a larger poo l 

of activities that form a livelihood system.  This combination of activities aims to satisfy as many 

as pos sible o f the household consumption and c ash generation needs and reproduction activities 

(Norman 1983).  S mallholders’ access to stocks originating from five types of capital (social, 
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human, financial, physical and natural) is an important determinant of household livelihood 

strategies.  The asset status of a peasant household is not static, but dynamic driving the adoption 

and adaptation of the household livelihood strategies (Ellis 2000).  In a livelihood system, 

households with similar family composition and age structures are expected to have similar 

livelihood strategies (Hildebrand et al. 2003), as long as the households’ initial resource bases 

are similar.  Associating a technology with its capital asset requirements and its comparison with 

available assets can help to identify resource bottlenecks responsible for farmers’ rejection of a 

certain crop protection method.   

Assessing Potential for the Adoption of Ecologically-Based Alternatives 

  Understanding the adoption potential of a technology within a livelihood system cannot be 

achieved by taking into consideration “the common or mean family” of an area, because using 

the mean family may create the false perception of lower stress conditions for the poorest 

families living in the area (Hildebrand and Sullivan 2001).  I nstead, d ifferent types o f households 

and therefore different household objectives and livelihood strategies need to be identified.  The 

research questions to be addressed in this s tudy are: 

• What is the e ffect o f household compos ition and t he family life cycle on the adopt ion o f 
EBA? 

• What is the relation between the adoption of ecologically-based alternatives, the average 
pest control effectiveness, and labor and cash use of EBA in an Andean pe asant family?  

In order to explore these questions, first an ethnographic linear program was used to 

conduct a sensitivity analysis to explore how ecologically-based alternative characteristics have 

an impact on their adoption.  Second, a farmers’ survey on three ecologically-based alternative 

practices presenting d ifferent attributes was evaluated to understand how attributes that cannot be 

measured can prevent ecologically based alternative adoption.  
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Study Site 

The s tudy s ite was the community of Aymará in the department of Huancavelica in the 

Peruvian Central Andes.  Farmers in the community of Aymará produce both native and 

improved potatoes for sale and consumption.  Native potato is seeded mostly in tikpa while 

improved po tato is seeded both in barbecho and cutilpo (see chapter 2).  In addition, non-potato 

tubers, including olluco, mashua and oca, are planted.  Grasses seeded consist mostly of oats for 

grain and fodder for livestock. Seeding of crops starts in July and continues until the first week 

of December.  Crop harvests start in mid-February and continue until the end of August.  Most 

families own sheep that are grazed around the community. 

Methods  

Farmer Surveys and Informant Focus Groups 

  Survey information collected was related to crop and livestock production.  This 

information included yields, pest problems, and seasonal input requirements.  A focus group of 

three informants complemented t he surveys with general information regarding c rop a nd 

livestock inputs and labor requirements, as well as crop prices.  Family nutritional requirements 

were assessed by asking four families about their average weekly diets in harvest and non-

harvest periods.  In order to estimate food consumption, adult female family members were 

asked to estimate the amount of native po tato pe rsons of different genders and at different ages 

would eat per day.  The amounts were weighed and were used to develop a linear regression 

model to p redict consumption in relation to age (Figure 5-1).  The weekly food consumption 

information and the proportion of food eaten by each age were used to derive individual food 

requirements for the model.  The amount of cash required for family expenses was obtained from 
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data belonging to a previous study and was used to estimate expenses on the basis of family size 

through regression (Figure 5-2). 

Perception of Benefits and Problems of Three Ecologically-Based Alternative Technologies 

In order to assess qualitative characteristics of EBA alternative technologies, farmers were 

asked the most important benefits and p roblems with three ecological based alternative practices: 

fumigated potato ba it traps, p lastic barriers, and light soil tilling or kalpeo.  The first practice is 

typically implemented by placing fumigated potato p lants in the field be fore po tato emergence to 

eradicate local field weevil populations and is characterized by low labor and cash requirements.  

The second stops the weevils physically from entering the fields by placing plastic barriers 

before weevils start emerging from overwintering s ites.  P lastic barriers require similar amounts 

of labor and cash as insecticide applications (Adan Vega pers. comm.).  The third practice is an 

agronomic tillage practice that can have an impact by killing o verwintering larvae in the soil; it 

requires no cash, but a large amount of labor. 

Ethnographic Linear Program Model  

The potential adoption of a pest management practice within a hypothetical household was 

evaluated with an Ethnographic Linear Program (ELP) mode l which was built using information 

collected from surveys conducted between the years 2005-2008.  Ethnographic linear program 

models have been used to test the po tential adop tion o f technologies (Kaya et al. 2000, Thangata 

et al. 2007), including IPM, as the result of government monetary incentives (Pluke 2004). 

Sullivan (2000: 52) summarizes an ethnographic linear program as: 

…a method o f maximizing the outcome of one or more objectives relative to the 
constraints placed upon those objectives. These outcomes depend on the household’s 
objectives. For example, consider a household seeking to maximize its cash generation 
while meeting some minimum food requirement. The linear program (LP) model considers 
how much labor , land, c ash and o ther resources the household has available. I t then 
considers the amounts and combinations of those resources the household must use to meet 
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defined minimum subsistence requirements. Finally, using resources remaining after 
satisfying these minimum household needs, the model maximizes (or minimizes) another 
household goal or objective such as food stores, discretionary cash or leisure.  

The basic mathematical formulation of linear program is as follows 

 Max (or min): P= CjXj (j = 1. . .n) (5-1) 

Subject to: AijXj <= Rj (i = 1. . .m) 

Xi >= 0 

In equation 5-1, P is the variable objective to be maximized (or minimized); Cj is the cost 

(debit) or returns(credit) of Xj (each of the n activities); Aij is the set o f input or  output 

coefficients for each activity (j) and resources or constraints (i) and R is the set of total minimum 

or maximum constraints or restrictions. The model used in the present study aimed to maximize 

end cash after the household consumption and reproduction objectives had been met.  The 

following subsections provide an account of the different activities and farm inputs present in 

mod el.  

Family labor use and expenses 

For the analysis, labor availability was estimated with the help o f the farmer focus group 

on a monthly basis over a year and de pended o n household composition inc luding gender and 

age structure.  Labor was divided into gender-neutral and male labor.  Male labor included labor 

that required a high amount of strength (such as foot plowing), while gender-neutral labor  

requires less physical strength and can be done by women, men or children.  Labor of male 

children below the age of 15 was considered gender neutral.  Labor availability per adult male 

and female was estimated at 21.5 and 12.75 days per month throughout the year, with the 

exception o f the month o f July when the Santiago c elebration reduces ava ilable labor  to 14.5 and 

5.5 days respectively.  Adult female labor was reduced to almost half of the labor of the adult 
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male to account for reproduction activities.  Children’s labor was estimated depending on the 

children’s ages and increased during school holidays.  The model could only sell children’s labor 

if children were eighteen years or older.  Crop activities followed a crop calendar derived from 

the surveys (see Chapter 2) and required specific amounts of seasonal labor land and inputs for 

each crop which was derived from the farmer focus group. This was the same for the sale labor. 

The household was a llowed to hire labor at 14 soles per day; the local rate was 12 soles per 

day. The additional 2 soles were used to account for expenses related to the laborers’ food and 

coca leaves, which are commonly provided in the area to hired labor.  Similarly, the household 

was given the opportunity to sell labor at 12 soles per day.  These estimates were provide by the 

farmers’ focus group.  Labor sale is common in the area, especially for farmers with no or little 

land, who tend to work in other farmers’ fields.  The model did not constrain the amount of labor 

that could be sold or bought.  Inputs were bought at the beginning of the cropping season at the 

local 2006 prices estimated from local stores in Huancayo.  Cash inputs included fertilizers, 

pesticides, and vaccines for livestock.  If manure provided by the family herd was not sufficient, 

more could be bought from neighbors or from commercial sources.  Oat fodder was produced to 

feed equines, and the grain was sold in the market.  Sheep sales and consumption were estimated 

from survey data as a proportion of herd size.  The model did not require any labor for sheep 

herding.  As long as herd size is not too large, in Aymará it was observed that women in charge 

of herding sheep leave their livestock next to t he fields where the women conduct c rop 

husbandry chores.  The initial livestock composition consisted of 3 horses and 5 head of sheep.  

The farm household had to produce some oats to feed the horses at times were grasses were not 

available. 
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 Farmers were allowed to buy land at a rate of 0.485 soles per square meter (as estimated 

by the focus group).  The model only considered the most common type of planting for potato 

types--specifically native po tatoes seeded in tikpa and improved potatoes planted in barbecho 

and cutilpo. It did not consider either native or bitter po tatoes in cutilpo or barbecho.  Non-potato 

crops included olluco, oca, mashua and oats.  No minor crops such as tarwi or faba beans were 

considered in the model as they were only seeded in small proportions and used little labor. 

Potato uses 

Different uses for the different potato tuber sizes and the proportion of these sizes per 

potato sack 6 harvested were taken into consideration in the model.  Farmers classify potato size 

into four categories.  The larger two categories (primera and segunda) are mostly destined for 

sale.  Farmers eat some second or third size tubers (segunda-and-tercera) and, they are also used 

as potato seed.  In the case of native potato, the smallest category (4th or cuarta) is also 

consumed but this is not the case for improved varieties.  Chuño production in the area is low 

and was not considered in the model.   

Pest and disease management  

In the model, Andean potato weevil damage estimated from the farmers’ survey varied 

slightly be tween improved barbecho (12%), cutilpo (15%) and native tikpa (10%) potato 

planting.  Aymará’s farmers typically harvest most of the potato tubers that have sustained 

mechanical or pest damage, while tubers damaged by pathogens are usually left on the ground.  

Damage by pests, in particular the Andean po tato weevil, was classified into two types: losses 

caused by damage that could be consumed by the family (50% of the damaged potatoes) or 
                                                 

6 For the purposes of this study, a sack of seed and a sack of harvested potatoes weigh 80 kilograms. A sack of 
potato seed will typically seed 800 square meters (also called a sack of land). In a sack of potato area 0.25, 0.33.0.5, 
0.2 sacks of olluco, oca, mashua and oats, can be seeded respectively.   
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damage that could only be consumed by animals (50% of damaged potatoes) as estimated by the 

second survey (Appendix B).  Damage was assumed to affect all potato sizes equally.  The 

model included traditional pest management for po tatoes, consisting of three insecticide 

applications for a total cost of 47 soles per sack seeded (or 800 square meters) for the purchase of 

the product.  A study conducted during 2001 and 2002 in the nearby community of Pucará 

estimated insecticide costs of 35 soles per 800 square meters of potato (Fujimoto et al. 2004). 

The price of for the application the product was obtained from agricultural input stores 

while the amounts o f the p roduct and labor  used were provide by the farmers’ focus group.  The 

amount of insecticide accounted for the changes in b iomass o f the p lant and hence the quantities 

of insecticide used.  Labor used for the three applications for one sack of potato seeded was 0.61 

days.  Similarly, one sack of potato seeded used three applications of fungicide for a total cost of 

25.50 soles for Diethane (Mancozeb).  The labor used for the fungicide applications was counted 

only for the second and third applications as it was common that the first application was done 

together (combining the products in the spraying backpack) with the third application of 

insecticide.  

Land use  

In the ELP model, it is assumed that all land the farmer owns is homogenous, which is not 

the case in reality, because farmers may have land a t different altitudes and with different soil 

characteristics that may be better for seeding some crops than for others.  Some rules used 

(Figure 5-3) in the model are that the first crop seeded had to be potato, and no crop could be 

seeded after the seeding of oats.  Any land put in fallow had to be fallowed for five years.  The 

land use pattern were derived from information ob tained from informal conversations with 
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farmers, the focus group and crop rotation information collected from the University of Berlin 

study. 

Family Life Cycle Simulations, Initial Conditions and Model Description 

The objective of the life cycle simulations was to generate data for different family life 

stages and resulting household composition changes in order to test the adoption of EBAs at 

three stages of the family cycle (15, 24, 32 years).  These three stages were used in order to 

provide a wide range of conditions in terms of cash, and land and labor. For these objectives, a 

hypothetical household of six family members was used, father, mother, two male and two 

female children.  The two male children were born at years two and five, while the females were 

born at years three and nine.  The initial conditions given to the family were 16.2 sacks of land 

distributed between the nine years of the land cycle. Initially enough seed was provided to plant 

the available land, and 2,000 soles were allocated for the purchase of agricultural inputs or new 

land.  T he initial amount of land and cash was set up arbitrarily in order to avoid infeasible 

solutions. 

The size of the model (over 1000 activities) did not allow running multiple years with the 

premium solver in Excel® that has a limit of 2000 a ctivities so the model was executed and 

updated on a yearly basis.  The objective of the model was to maximize end cash after having 

met consumption and s ubs istence cash requirements each year.  Twenty-five percent of the end 

cash each year was used as discretionary cash, and the remainder was used as beginning cash for 

following year inputs or the purchase of land.  Land could only be purchased as fifth year fallow 

land, ready to be planted.  Cash not used after land and input purchase was saved to be used in 

the next cropping season.  In order to keep enough seed for the following year, the model had a 
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constraint to keep twice the amount of seed that was planted in the preceding season.  Seed left 

unused was transferred to the following year.  

Sensitivity Analysis of Pest Management Adoption  

In order to assess the po tential adop tion of pest management, a sensitivity analysis was 

conducted. Different EBA characteristics and their combinations were assessed.  The purpose of 

this analysis was to e lucidate how different characteristics of an EBA technology would enhance 

or constrain their adoption at three different life stages of a farm household with the 

corresponding changes in household composition.  The attributes evaluated were percentage 

damage reduction, labor needs, and cash requirements.  All of these were measured as a 

proportion of the traditional insecticide practice.  For example, 0.50 damage meant that the EBA 

technology resulted in half the weevil damage resulting if insecticides had been used.  Adoption 

was evaluated as the proportion of sacks seeded with EBA over the total number of sacks planted 

per type of potato crop.  Different combinations of attributes were evaluated by the model at 0.25 

increments to produce two dimensional surfaces which showed the proportion of EBA selected 

by the model. 

Farmer Survey Results 

Perceptions of Benefits and Problems of Three EBA Practices 

Most farmers (21 of 36 interviewed) stated that the reduction of weevil damage was a 

benefit (Table 5-1) of using fumigated bait potato plants.  A few peasants (6%) considered that 

fumigated bait plants decreased their use of insecticides or their potato cropping expenses (3%), 

while one-third of the farmers interviewed did not know about the practice or had never used it.  

Regarding the problems (Table 5-2) related to the use of baited traps, 47% of the peasants 

interviewed knew about the practice and almost one quarter stated that they found no problems 
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with the practice. A few farmers (14%) reported the poisoning of livestock and children (3%) or 

not having enough time to implement the ba it trap p lants as potential problems (8%).  O ne 

reported p roblems, including financial difficulties, with its implementation and another that the 

practice provided no protection. 

Most farmers (64%) believed that the use of plastic barriers (Table 5-3) resulted in a 

reduction of weevil damage.  One-third of farmers reported not knowing about the practice, 

while only one farmer mentioned that the practice did not provide any benefits.  Similarly, when 

asked about its problems (Table 5-4), 47% responded that they had never used a plastic barrier or 

did not know about it.  Eleven percent of the interviewed farmers reported that there were no 

problems associated with the practice.  S imilarly, t he cost of materials (11%) or their availability 

(8%) were mentioned as problems by some farmers. Two farmers reported that they did not have 

enough time to implement plastic barriers, while 12% reported that the barriers might be broken 

due to various reasons. One farmer reported that the practice did not work, and another said that 

there was a lack of decision to use it. 

Almost half responding to t he survey (Table 5-5) believed that a benefit of light soil tillage 

or kalpeo of the land before planting again was to make agricultural activities (i.e. planting, 

cultivation etc.) easier to conduct.  S imilarly, c lose to one-third o f them be lieved that controlling 

the Andean potato weevil was a benefit provided by this mechanical practice.  Controlling weed 

growth (6%) and avoiding weevils and late blight (3%) or other pests (3%) were also responses 

given by peasants.  One peasant pointed out that potato plants grow faster in tilled soil.  More 

reported that the problem with this type of tillage (Table 5-6) was the scarcity of plows (22%).  

Almost 20% of the interviewed farmers stated not to have a problem with this practice.  

Seventeen percent of the farmers stated that they did not have enough time to carry out soil 



 

140 

tillage and 14% reported financial constraints as a reason not to implement it.  N ine (25%) did 

not provide an answer, while one mentioned that late blight would be more prevalent as a result 

of using this practice.  

Results of the Ethnog raphic Linear Prog ram 

Multiyear household simulation 

The results (Figure 5-4) showed four distinct phases.  The first phase represents the years 

when there were no children in the family, c haracterized by a small increase in end cash up to 

year 3.  The second period, as children are born, extended from year 3 to year 15 and results in a 

slow decrease of end cash7 and a more marked decrease of beginning cash. Expenses kept 

increasing and started to plateau after year 10, which was the time when all children had been 

born.  In the third period, from year 15 to year 27 when children started contributing to farm 

activities, a steep increase of end and beginning cash can be observed, which started to slow 

down from year 24 onwards.  Period four, a fter year 27 w as the pe riod when the children had 

already started to leave the home resulting in a decrease in all family labor, expenses and 

consumption as well as in beginning and end cash.  During the life cycle the simulated family 

end cash was derived initially from the sale of both labor and crops.  The sale of labor (Figure 5-

5) declined with time and responded to an increase in crop husbandry due to land acquisition.   

As expected, potato production (Figure 5-6) mimicked the end cash pattern and was 

composed mostly of improved potatoes seeded in cutilpo and native potatoes seeded in tikpa.  

Other non-potato crops produced in significant amounts included mashua, oca and oats.   

                                                 
7 End cash refers to the total amount of cash that was earned by the family during the year.  Beginning cash is the 
cash that the family has at the beginning of the cropping season for agricultural activ ities includ ing the purchase of 
land.  Beginning cash is what remains after the year’s expenses and discretionary cash have been subtracted from 
end cash. 
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Ecological based alternatives, costs, and, labor 

The relationship between labor and cost and EBA adoption is shown for the two different 

types of potato cropping (Figures 5-7, 5-8).  By looking at the two d imensional figures in 5-7 for 

year 15 and 24, the model allowed for higher amounts of labor at similar technology costs in year 

15 than in year 24 . For example in year 15 for an EBA technology that was half as expensive 

(0.5 in the y axis) as the app lication of insecticides and used o ne and a  half times  t he amount o f 

labor than insecticides (1.5 in the x axis) resulted in the adoption of EBA for all the native potato 

that was planted in tikpa (complete adoption is represented by the blue color). For year 24 this 

region (0.5 x cost of insecticides, 1.5 x labor of insecticides) was magenta meaning that none of 

the native potato in tikpa used EBA; for these conditions, a ll tikpa potato planted used 

insecticides.  

When comparing stages across types of potato planted (tikpa and cultilpo, Figures 5-7 and 

5-8) the shapes of the adoption areas at different costs and labor quantities were identical.  In 

none of the three stages was barbecho EBA used b y the family.  F or the adop tion o f EBA a t year 

34 when the children had left the home and labor was again scarce, only labor quantities that 

were half those utilized for insecticides were used by the model.  Cash costs for EBA using these 

labor quantities could be higher than the ones utilized by insecticides because cash was relatively 

more available. 

Ecologically based alternatives, percent damage, and, cost 

Figures 5-9 and 5-10 show the relationship of percent damage and cost with EBA adoption 

for two d ifferent potato crops.  The sensitivity analysis indicated that EBA technologies with 

damage percentages higher than that of insecticides are not likely to be adopted regardless of 

their costs.  Figures 5-9 and 5-10 show areas of adoption of EBA with lower damage proportions 
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and higher implementation cash costs than insecticides.  There was an increase in the amount of 

cash that EBA could cost at low damage proportions in year 24 when compared to year 15.  For 

example in F igure 5-10 for cutilpo potato, EBA that would provide half the damage of 

insecticides and cost 2.5 times as much as insecticides was adopted for year 24, when cash was 

relatively abundant, but not in year 15. 

At year 34 , EBA technologies with higher costs but resulting in less than three-quarters of 

the damage of crops treated with insecticides were adopted by the household.  Overall at years 

15 and 24 EBA was adopted at higher costs in improved cutilpo than EBA in native tikpa fields.  

Barbecho EBA started to be adopted in very low amounts at years 15 and 24 (not show).  

Barbecho demands a higher amount of resources than planting in cutilpo and tikpa and was only 

seeded when the EBA technology provided high levels of protection and low costs and therefore 

made barbecho more competitive.   

Ecologically based alternatives, percent damage , and, labor 

As in the case of costs and percent damage, EBA technologies were not adopted with 

damages higher than the ones from insecticides (Figures 5-11, 5-12) while reductions in damage 

in relation to insecticides resulted in EBA adoption even if they used more labor. Between stages 

15 and 34 as labor availability in the household increased, there was a slight increase in the labor 

that could be required by EBA for similar damage percentages in cutilpo.  Only in year 34 did 

adoption of EBA in barbecho occur (not shown).  Figure 5-13 s hows the ratios be tween the end 

cash from using EBA (with labor and costs equal to the ones of insecticide spraying) and the end 

cash of insecticides at different EBA damage proportions for three family s tages.  Higher 

intercepts and steeper slopes for older households indicate the greater importance of decreasing 

damage in the o lde r households than in t he younger one.  
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Ecologically based alternatives, percent damage, and, potato consumption 

The destination of potatoes that were not sold was evaluated with the use of bar plots 

which indicated potato loses measured as the number of sacks not consumed nor sold (those 

above the minimum consumption redline, Figures 5-14 to 5-19).  Losses were greater for years 

24 and 34 than for year 15 as damage increased from left to right for improved and native 

potatoes.  In year 15 the household consumes a large proportion of undamaged potato and all the 

lightly damaged potatoes as well as the potatoes in the cuarta, non commercial category.  I n 

Aymará consumption of this category only occurs for the native varieties. This was not the same 

for years 24 and 34 as these stages do not have to rely on undamaged potatoes as much due to the 

larger amounts o f cuarta and lightly damaged potatoes.  Therefore there is a higher reliance on 

undamaged potatoes with higher protection levels but this effect decreases with the life stage of 

the family.  

Discussion 

The model responded to differences in availability of cash, labor and family food 

consumption needs at different periods of the family’s life cycle and consequently po ints out 

periods of potential household stress.  This produced different pa tterns of adop tion among family 

stages.  Adoption patterns were similar between years 15 and 24 of the family cycle and less 

similar between these two and year 34.  Upon closer inspection the results from the model 

indicated t hat the household a t year 34 p lanted a ll the seed it had available and this is likely to be 

the limiting factor for production.  During this stage, land and cash were available in excess, and 

higher amounts of cash, or additional labor (which can also be bought) were spent in EBA.  At 

the 15 year stage, EBA technologies could use more labor than EBA technologies at year 24 and 

would still be adopted .  However, the benefits in terms of end cash ratios between EBA and 
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insecticide cropping were very small (1.008 and 1.006 for the 15 and 24 family s tages).  It is 

unlikely that reducing either costs or labor for EBA technologies will provide ample benefits for 

farmers.  Labor costs for insecticides are quite low to start with and in addition if a farmer were 

to pick EBA he/she would still have to factor the labor cost of applying fungicides as a farmer 

will typically combine fungicides and insecticides in the same spraying session. 

This was not the case for percent EBA damage reduction compared to insecticides.  Figure 

5-13 shows the ratios between the use of EBA and the regular application of insecticides as 

weevil damage changes in EBA.  It can be observed that income benefits increase with the stage 

of the family life cycle.  End cash included a ll the cash generating activities on the farm 

including cropping and the sale of labor.  It can be deduced that the income benefits were lower 

for early stages as they derive a larger proportion of their income by selling labor and less from 

crop production when compared to the older stages.  Therefore income benefits of lowering the 

damage of EBA relative to insecticides will benefit all the stages in the cycle but especially the 

latest stages.  However, the proportion of income derived from crop activities was not the only 

reason that explained these ratios as the slopes were also different between the stages.  Older 

stages had steeper slopes indicating that the income benefits increased faster for these stages as 

percent damage decreased. 

This was explained by the production consumption ratios.  Low production and high 

consumption resulted in a situation where a large proportion of the crop was destined for 

consumption, including undamaged potatoes.  Therefore any improvements in damage reduction 

for EBA meant a reduction of the quantity of low damaged potatoes available for consumption 

and since all lightly damaged potatoes were consumed it meant that more undamaged potatoes 

had to be used for consumption.   The only real benefit was from a reduction of the amount of 
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highly damaged potatoes which increased the amount of potatoes that could be marketed. This 

benefit was low as the quantities belonging in this category were small for year 15. 

  In the later life cycle stages, more po tato p roduction and s imilar or lower consumption 

meant that the household could derive most of its consumption from low damage potatoes and 

the cuarta category in the case of native potato.  Fewer lightly damaged potatoes under EBA 

production had different effects for native tikpa and improved cutilpo potatoes in year 24.  For 

native tikpa potatoes the effect was similar to the one observed for year 15.  Lower quantities of 

low damage potatoes meant that a higher amount of undamaged native tikpa potatoes had to be 

consumed.  In the case of improved potatoes planted in cutilpo fewer low damage potato was 

only important for the EBA that provided three quarters of the weevil damage provided by 

insecticides. This damage reduction meant that no undamaged potato had to be consumed.  For 

year 34 all the consumption was covered by the fourth (cuarta) category.  Therefore any damage 

reduction meant that a higher amount of native potatoes could be marketed.  For cutilpo 

production, more low damage potatoes that could be consumed by the family; therefore, 

decreases in the amount of low damage potatoes also meant an increase in potatoes sold. In 

addition, reductions in highly damaged potatoes provided important increases in the potatoes that 

could be marketed for both categories for both years 24 and 34.  Therefore these changes in the 

profitability of damage reduction as a result of EBA meant that different stages could invest 

different amounts of resources for EBA as long as these resources were available. 

More cash and labor were allowed for improved cutilpo po tatoes than for native tikpa 

potatoes.  This was also related to the fact that cutilpo results in higher damages (15%) than 

native po tato in tikpa potato (10%).  Therefore the impact of halving the damage in cutilpo is 

larger than halving it in native tikpa potato.  The benefits related to damage reduction could vary 
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in systems where da mage is higher than the one obs erved or  if the da mage were highly variable.  

Damage variability for EBA should be more important than the actual decrease in the mean 

damage as farmers tend to rely on a dependable yield.  Insight into this last issue could be 

assessed by building these characteristics into the model.  For this it would be necessary to run a 

multiyear simulation with several iterations.  Two technologies could be compared, o ne with a 

mean low da mage and a  high variability t he o ther with a medium mean da mage and low 

variability.  The simulation could s tart by drawing random variates from a statistical distribution 

similar to the distribution of the damage for each technology.  A new set of variates would be 

drawn for each year of the simulation.  O nce the multiyear simulation is finished and iterated 

several times the number of failures to meet food consumption could be compared for each 

technology.  The mean number of failur es could be used to assess the two technologies to detect 

their effect on food security. 

Additionally, scenarios that would be valuable to model would be the production of 

organic potato to see how better prices and the use of EBA practices could improve the well 

being of families and test how changes resulting from access to organic prices could allow higher 

cash and labor investments on EBA.  Likewise it would be important to test other technologies in 

addition to crop protection; for example, a fertility technology that enhances yields could be 

compared to crop protection to see which would be more beneficial if both were using the same 

amount of resources for different stages.   

Finally, given availability o f a market for labor, only with a lower damage percentage can 

a technology increase the use of labor and costs and still be adopted.  It is likely that under 

different access to labor markets, the importance of labor would change. For example a 
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restriction on the sale of labor could favor the adoption of labor intensive technologies without 

the need for lower damages as long as they are not too burdensome (Bentley and Andrews 1996).   

  The survey of the three pest control practices indicated that most farmers perceived these 

technologies to be effective in reducing weevil damages.  However, many farmers d id not know 

or had not used potato bait traps or plastic barriers.  Use of plastic barriers is a new practice, and 

many farmers have not formed a perception about them, while in the case of bait traps, a slight 

variation o f the local name was used in the survey a nd t his may have confused some o f the 

interviewed farmers.  The survey pointed out some perceptions that are not likely to be captured 

in an ELP model and surveys need to be complementary to this methodology.  It is important to 

link farmers’ perceptions of the technology and its potential adoption to their assets (human, 

financial, social, natural and physical).  For example, in this study a small percentage of 

respondents perceived potato ba it traps to be  po tentially harmful to children and livestock.  

Similarly, there was a small percentage of farmers who seemed to be concerned about the 

likelihood that barriers can be damaged by different agents such as wind, children or livestock.  

These issues can be related to the social capital assets of farmers and farmers’ communities 

(Roling and van de Fliert 1994, Palis et al. 2002, Ravnborg et al. 2002).  Lack of social capital in 

the form of community control or regulations is likely to decrease the tendency for farmers to 

adopt these technologies.  Similarly, there were some concerns about the cost (financial) and 

availability (physical) of plastic barrier materials.  These concerns may be related to the newness 

of the practice. The implementation costs for this practice are similar to those of insecticides, and 

the materials can be bought in the same markets.  Moreover, after planting, farmers successfully 

mark their fields with small pieces of plastic bags on stakes to warn herders to avoid livestock 
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entrance.  Therefore, it is unlikely that livestock would be a problem for plastic barriers under 

some minimum regulatory practice.   

Light soil tilling was recognized as a practice that enhances crop development and 

provides control against weevils.  It was also reported that the main problem with this technology 

is the lack o f machinery, labor, or t ime for it to be implemented.  This is a good example of not 

having the right physical, human, o r financial assets to implement a new technology. Tilling is of 

particular interest because it provides an agronomic benefit, and the control of weevils is an 

added advantage.  Practices that can be modified slightly to provide both agronomic benefits and 

pest control are of special interest, and can reduce the amounts of inputs for their 

implementation.  It has been suggested that IPM will be more readily adopted if it is combined 

with o ther technologies, s uch as soil conservation (Orr and Ritchie 2003). 

It can be concluded that pesticide technologies are difficult to replace, especially because 

they seem to be doing a good job, as they control damage and they use little labor.  However, 

pesticides are not cost efficient because they do not take into account external costs, such as 

costs related to health and the environment (Pretty 2005).  The results of this survey and a nalysis 

of the model indicate that the design o f EBA practices that will be adop ted will be difficult; as 

insecticides have very low labor costs. Prices of insecticides are high and this might be a better 

avenue to de velop p est management alternatives.  An issue for further study is the t ime o f 

implementation of EBA and its effect on adopt ion. Varying the time of implementation might 

result in different outcomes as labor shortages at crucial times of the season impact the success 

of crop protection (Botrell 1983).  Time of implementation can easily be assessed with 

ethnographic linear program.  Ethnographic linear programming and the livelihood systems 

framework force researchers to think of a technology as a component of a system, not as a 
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technology by itself.  This methodology also allows technologies to be tested ex-ante by properly 

addressing the farm system characteristics.   

Finally, the most important factor likely to constrain the adopt ion of EBA is percent 

damage, a factor that outweighs the labor and cash costs.  This has and should continue to be 

important for the design of EBA.  S imilarly designing of EBA technologies ought to take into 

consideration the life cycle of the peasant family (or the availability o f family labor and 

consumption needs) as there are differences among life cycle stages and household composition 

that need to be properly addressed when designing new technologies. 
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Figure 5-1. Native potato consumption per family members’ age per day.  Y = 82.9 + 162.24 X-
5.23 X2

 (R2 = 0.84). 
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Figure 5-2.  Estimated fixed year expenses by number of family members. Data derived from 
Antezanna et al. (2005).  Y = 975.4 +417.7 X (R2 = 0.29) 
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Figure 5-3.  Crop rotation sequence from the community of San Jose de Aymará considered for 
the model.  
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Figure 5-4.  Simulation of cash destination per year.  Beginning cash represents all the cash 
available for crop production at the beginning of the cropping season, while end cash 
represents the total cash acquired by the family at the end of the cropping season from 
cropping or the sale of labor.  Family expenses is the cash required to cover the 
family needs during the year. 
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Figure 5-5.  End cash derived from labor sale and crop production 
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Figure 5-6.  Simulation of farm crop production per family cycle year. 
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Native-Tikpa crop protection year 24
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Native-Tikpa crop protection year 34
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Figure 5-7.  Adoption of EBA as a function of costs and labor relative to traditional insecticide at different life cycles stages for native 
tikpa planting.  Bars to the right of the plots indicate the proportions of sacks seeded under EBA, The color shift from light 
blue to magenta to represents a shift from planting all sacks (1) under EBA to planting no sacks (0) under EBA. 
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Figure 5-8.  Adoption of EBA as a function of cost and labor relative to traditional insecticide use at different life cycles stages for 
improved cutilpo planting.  Bars to the right of the plots indicate the proportion of sacks seeded under EBA. The color shift 
from light blue to magenta to r epresents a shift from planting all sacks (1) under EBA to planting no sacks (0) under EBA. 
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Native-Tikpa crop protection year 24
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Native-Tikpa crop protection year 34
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Figure 5-9.  Adoption of EBA as a function of costs and pe rcent damage relative to traditional insecticide use at different life cycles 
stages for native tikpa potato planting.  Bars to the right of the plots indicate the proportion of sacks seeded under EBA.  
The color shift from light blue to magenta to represents a shift from planting all sacks (1) under EBA to p lanting no sacks 
(0) under EBA. 
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Figure 5-10.  Adoption of EBA as a function of cost and percent damage relative to traditional insecticide at different life cycles stages 
for improved cutilpo planting.  Bars to the right of the plots indicate the proportion of sacks seeded under EBA.  The color 
shift from light blue to magenta to represents a shift from planting all sacks (1) under EBA to planting no sacks (0) under 
EBA. 
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Native-Tikpa crop protection year 24
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Native-Tikpa crop protection year 34
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Figure 5-11.  Adopt ion of EBA as a function of labor and pe rcent damage relative to traditional insecticide use at different life cycles 
stages for native tikpa planting.  Bars to the right of the plots indicate the proportion of sacks seeded under EBA.  The 
color shift from light blue to magenta to represents a shift from planting all sacks (1) under EBA to planting no sacks (0) 
under EBA. 
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Figure 5-12.  Adopt ion of EBA as a function of labor and pe rcent damage relative to traditional insecticide use at different life cycles 
stages for improved cutilpo potato planting.  Bars to the right of the plots indicate the proportion of sacks seeded under 
EBA.  The color shift from light blue to magenta to represents a shift from planting all sacks (1) under EBA to p lanting no 
sacks (0) under EBA. 
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Figure 5-13.  Ratios be tween the end cash o f EBA (with labo r and investments cos ts equal to the 

ones o f insecticide spraying) and the end cash of insecticides while changing the 
proportion of damage of EBA in relation to the one of insecticides. 
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Figure 5-14.  Distribution of the native potato (tikpa) produced w ith EBA that was not fit for the 
market or that was required for household consumption as a function o f increase in 
protection from weevil damage for the household at year 15.  The increases in 
protection are taken as a function of the weevil damage that occurs under potato 
production with insecticides (Ins-Dam).  The dashed red line represents the minimum 
consumption of native potato for the household. 
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Figure 5-15.  Distribution of the native potato (tikpa) produced w ith EBA that was not fit for the 
market or that was required for household consumption as a function o f the increase 
in protection from weevil damage for the household at year 24.  The increases in 
protection are taken as a function of the weevil damage that occurs under potato 
production with insecticides (Ins-Dam).  The dashed red line represents the minimum 
consumption of native potato for the household. 
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Figure 5-16.  Distribution of the native potato (tikpa) produced w ith EBA that was not fit for the 
market or that was required for household consumption as a function of the increase 
in protection from weevil damage for the household at year 34.  The increases in 
protection are taken as a function of the weevil damage that occurs under potato 
production with insecticides (Ins-Dam).  The dashed red line represents the minimum 
consumption of native potato for the household. 
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Figure 5-17.  D istribution of the improved potato (bo th barbecho and cutilpo) produced with 
EBA that was not fit for the market or that was required for household consumption 
as a function o f the increase in protection from weevil damage for the household a t 
year 15.  The increases in protection are taken as a function of the weevil damage that 
occurs under potato production with insecticides (Ins-Dam).  The dashed red line 
represents the minimum consumption of improved potato for the household. 
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Figure 5-18.  D istribution of the improved potato (bo th barbecho and cutilpo) produced with 
EBA that was not fit for the market or that was required for household consumption 
as a function of the increase in protection from weevil damage for the household a t 
year 24.  The increases in protection are taken as a function of the weevil damage that 
occurs under potato production with insecticides (Ins-Dam). The dashed red line 
represents the minimum consumption of improved potato for the household. 
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Figure 5-19.  D istribution of the improved potato (bo th barbecho and cutilpo) produced with 
EBA that was not fit for the market or that was required for household consumption 
as a function of the increase in protection from weevil damage for the household a t 
year 34.  The increases in protection are taken as a function of the weevil damage that 
occurs under potato production with insecticides (Ins-Dam).  The dashed red line 
represents the minimum consumption o f native pot ato for the household.  
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Table 5-1. Perceived benefits of the use of fumigated ba it plants  
Benefits stated by the farmers Frequency 
Reduces weevil damage  21 (58%) 
Does not know or  has not used the practice 12 (33%) 
Less use of insecticides  2 (6%) 
Less expenses in insecticides 1 (3%) 

 

Table 5-2. Perceived problems of the use of fumigated bait plants  
Problems stated by the farmers Frequency 
Does not know the practice or has never use it 17 (47%) 
No problems with the practice 8 (22%) 
Livestock can eat the plants and die 5 (14%) 
Lack o f time 3 (8%) 
Children can p lay with them and harm themselves  1 (3%) 
Financial reasons 1 (3%) 
The practice is not effective in controlling weevils 1 (3%) 

 

Table 5-3. Perceived benefits of the use of plastic barriers  
Benefits stated by the farmers Frequency 
Reduces weevil damage 23 (64%) 
Does not know or  has not used the practice 12 (33%) 
No benefit  1 (3%) 

 

Table 5-4. Perceived problems of the use of plastic barriers 
Problems stated by the farmers Frequency 
Don’t know the practice or has never used it  17 (47%) 
No problems with the practice 4 (11%) 
Cost of the material 4 (11%) 
Availability of the material 3 (8%) 
Lack o f time 2 (6%) 
Animals will destroy the barriers 2 (6%) 
People will destroy the ba rriers 1 (3%) 
Wind will destroy it 1 (3%) 
Lack of decision to uptake the practice 1 (3%) 
The practice does not work  1 (3%) 
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Table 5-5. Perceived benefits of tilling fields previously planted on potato before planting them 
with po tato again 

Benefits stated by the farmers Frequency 
Loosen the soil to make agricultural activities easier 17 (47%) 
Andean Potato Weevil control  11 (31%) 
Control weeds 2 (6%) 
Don’t know 2 (6%) 
Will slow dow n weed growth 1 (3%) 
Loosen soil to avoid weevils and late blight  1 (3%) 
In order to e liminate pests 1 (3%) 
Plants will grow faster 1 (3%) 

 

Table 5-6. Perceived problems of tilling fields previously planted on potato before planting them 
with po tato again 

Problems stated by the farmers Frequency 
Availability o f a yoke   8 (22%) 
No problems with the practice 7 (19%) 
Lack o f time 6 (17%) 
Financial Reasons  5 (14%) 
Don’t know 9 (25%) 
Late blight becomes more prevalent 1 (3%) 
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CHAPTER 6 
CONCLUSIONS 

This study first set out to better understand what were the main reasons that farmers have 

to use continuous potato cropping.  It was expected that different factors would be impacted by a 

second year of po tatoes including soil fertility and pest and pa thogen damage which would limit 

potato production.  However, this seemed not to be the case as most farmers mentioned that 

some aspects of soil fertility were still acceptable when asked about the reasons for planting a 

second year of potato or cutilpo.  This was confirmed by similar fertilization, insecticide and 

fungicide rates of application between cutilpo and the other types of potato planting.  Similarly, 

the reported damages were similar between potato planting types.  However, the reported time of 

harvest was d ifferent be tween improved a nd native po tato as the first was harvested earlier than 

the latter. This should help to stop damage progression in cutilpo fields and should be the reason 

why similar damages were reported between first year and second year potato fields and raises 

the issue of how damage differs when cutilpo is harvested at later dates than usual.  Farmers 

harvest late due to t he depression o f p rices when national production is high.  This is an 

important issue that needs to be addressed by research in order to improve storage mechanisms 

that allow farmers to harvest and wait for better prices or for the harvesting of areas of the fields 

that will result in highly da maged potatoes and will become important sources of weevils. 

Similarly, in order to improve potato production in cutilpo fields a better understanding of 

the type of differences that can occur in cutilpo fertility when farmers plant a first year of potato 

in native tikpa, a low tillage potato cropping system, vs. a first of potato in barbecho , a high 

tillage potato cropping system.  This could help determine the right type of inputs and 

supplements that are needed for each field as decomposition of grasses and weeds from the 

previous fallow could be different.  Scientists should address these issues to make more 
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appropriate fertilization recommendations which could help improve yields as intensification 

becomes more prevalent in the Andes.  Management of cutilpo fields is of particular importance 

as they demand less labor which can be mostly non-male labor.  As the result of these labor 

requirements this type of planting is essential to female-headed households which do not have 

access to male labor.  These households present the lowest producer consumer ratios at times 

when children a re young and cannot contribute with farm chores, increasing t he household s tress 

levels.  As the result o f shor tage o f labor , these households are less likely to harvest fields on 

time and therefore are likely to experience higher pest damage and their fields will become 

important reservoirs for pests and pathogens.  Better understanding of the problems faced by 

female-headed households would not only be a step to help them but also to reduce potential 

infestation sources. 

The third chapter of this dissertation aimed to understand the most important sources of 

weevils at the landscape level addressing some means to opt imize the control of overwintering 

sources described in the previous paragraphs.  Two hypotheses were tested, it was hypothesized 

that there was an interaction between harvest time and potato inoculums and second it was 

hypothesized that the distribution within the fields was different between po tato fields seeded 

once and those planted twice in potato.  An additional objective of the chapter was to develop a 

methodology to assess the overwintering weevil pop ulations.  The soil survey indicated no 

differences in weevil inoculums in po tato fields as a result time of harvest or farming intensity.  

This was likely to be the case of farmers evaluating fields and harvesting according to the 

damage present and therefore this did not provided a real assessment of the differences between 

cropp ing intensities and harvest times.  This was confirmed by the experiment where potatoes 

were bagged and the total larval load recorded in improved cutilpo potato p lants that indicated 
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that the total amount of larvae present in these po tato fields was approximately 10 t imes higher 

than larvae present in native potatoes seeded in tikpa.  No difference was found between the 

distribution of larvae from the field borders between potato fields seeded in native tikpa or fields 

seeded in cutilpo.  This is expected to be the result of early harvest of cutilpo fields.  A detailed 

characterization of potato weevil densities indicated that by concentrating on the first 10 meters 

of po tato fields farmers or communities will be able to e liminate a significant proportion of the 

population.  Another recommendation in this regard is that in communities where distances 

between fields and the houses/storage rooms are short, it might be beneficial to harvest the 

outside 10 meters o f every field a nd then a fterwards the “centers.”  An economic analys is o f 

such a harvesting system could assess whether the reduction in potato damage will justify the 

additional labor.  An ethnographic linear program could be used to assess this situation.  

However, this analysis should be longer than one year in order to estimate the reduction in 

damage as second year potato crops might benefit from a lower hibernating population.  The 

study a lso showed that weevils appear not to overwinter in potato fields for more than one year 

(under the environmental conditions tested); therefore, p roper fallowing t imes without the 

presence of volunteer potato plants should make the fields safe from the damage caused by 

overwintering weevil infestations.  S imilarly, it was shown that the proportion of fields 

containing overwintering populations was much higher for potato fields than for fields that had 

been rotated from potato and s till contained volunteer potato p lants.  Therefore by managing 

these potato fields, substantial reductions in the overwintering weevil populations could occur at 

the landscape level. 

Finally, a sampling design was developed to assess the densities of overwintering weevils 

in po tato fields.  The pos t management of these pop ulations is feasible as overwintering 
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populations could be estimated with a moderate amount of samples especially at high densities 

which ought to be the most important to quantify.  Using the information developed in Chapter 3, 

a sequential sampling protocol could be developed to lower the amount of samples necessary to 

detect a certain action threshold for deciding whether or not to plant.  Future studies should 

concentrate on developing the relationship between overwintering pop ulations and s ubsequent 

damage to the standing cutilpo crop in order to determine whether the risks of important potato 

damage are low enough to afford a second year of potato crops.  Similarly, this sampling 

program would complement well the use of plastic barriers in po tato fields where cutilpo has 

been planted.  For example, a farmer could sample fields inside the first ten meters of the field 

edge and then evaluate overwintering densities and if densities are low and present low risks for 

the following crop a plastic barrier could be placed in the first meters of the field to surround this 

area where a second year of potato could be seeded leaving the border outside of the plastic 

barriers.  This border could be seeded with another crop so as not to leave the area outside the 

barrier fallow.  This other crop could help mask the potato odor from the Andean potato weevil 

and other pests.  

Perceptual ranges played an important role in finding habitat as weevils seem to be  able to 

locate habitat patches from afar even at distances greater than 100 meters.  Wind plays an 

important role, increasing weevils’ velocities toward the potato patch.  The weevils’ high 

perceptual range will increase the colonization potential of the Andean potato weevil at greater 

field densities and shorter interfield distances and is probably one of the reasons this genus has 

become so common in the last century. S imilarly, e nvironmental factors played a role in the non-

directed movement of the weevil; these are partially related to relative humidity and temperature.  

These factors alter the weevils’ abilities to colonize po tato fields if affected by climate.  Thus 
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changes in climate are not only likely to affect weevils’ larval development but likely to a ffect 

their ability to colonize fields.  However, the relation between climate change and the ability to 

colonize fields might not be a direct one as this phenomenon is likely to c reate drought and 

increase temperatures and hence might decrease the movement rates of weevils as air humidity is 

lower but increase with temperature.  S imilarly, El Niño years are expected to have an e ffect on 

weevil displacement.  Confirmation of these findings and the linking of the movement model 

developed to c limatic models could help further assess these future scenarios. Similarly, there 

was correlation be tween movements be tween days, which, if related to a collimating stimuli 

would be  advantageous from an evolutionary sense and would e nhance weevils’ abilities to 

colonize fields as the result of movement efficiency. 

Potato tuber characteristics that have an impact on reducing the probability of colonization 

included the tuber distance from the potato plant in the direction perpendicular to the furrow.  

This reflects the oviposition pa tterns of the female weevils.  Tuber girth was positively correlated 

with the probability o f colonization.  H owever, tuber exposure to pests, which is correlated with 

tuber girth, should at least partially explain this relation if not entirely.  F urther research is 

needed to evaluate the effect of girth on the probability of colonization by larvae.  Upon 

confirmation of the experimental results, potential ways to increase resistance of tubers to larval 

colonization is to breed for longer stolon length.  Many of the improved varieties present longer 

stolons which in fact might be partially reducing the colonization po tential of larvae.   

Chapter V set out to explore the effect of stage in the family life cycle (i.e. household 

composition) on the adoption of crop protection technologies.  It explored what were the effects 

of the different characteristics of ecologically based alternative technologies (EBA) on adoption 

through the use of an Ethnographic Linear Program.  These technologies were defined as crop 
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protection that was mostly non- insecticidal based or that made a minimum and rational use of 

insecticides.  The model indicated that household stress changed drastically between stages in the 

family cycle as shown by the differences between beginning and end cash.  Similarly, the source 

of cash shifted with the age of the family from the sale of labor to the use of labor in crop 

production activities.  This is an issue that the International Potato Center should take into 

consideration when designing technologies as this may help to indicate the importance of the 

potato as a source of income and the relevance for a farmer to invest resources to improve yields.  

The s tudy showed that the characteristics o f EBA could have d ifferent impacts on adopt ion in 

families with different compositions.  Lower cash or labor requirements for EBA than for 

insecticides did not provide substantial increases in the ratio between the end cash of the EBA 

technology and the end cash of resulting of crop production under insecticides.  This showed that 

these two characteristics will not have a major impact on the adopt ion of EBA for communities 

connected to the market.  Reduction in weevil damage had a greater impact on the adoption of 

EBA.  This was evidenced by an increase in the ratios between the end cash from production 

with EBA and pr oduction with insecticides.  These ratios increased with the age o f the household 

and the percent reduction in weevil damage as provided by EBA.  Two reasons explained this, 

the first was that end cash included a ll the cash generating activities in the farm including 

cropping and the sale of labor.  Therefore the income benefits were lower for early stages as they 

derive a larger proportion of their income by selling labor and less from crop production when 

compared to the older stages.  The second was explained by the crop production consumption 

ratios.  A t the early s tage low production and high consumption resulted in a  s ituation where a 

large proportion of the crop was destined for consumption and included large amounts of 

undamaged potatoes and all the low damaged potatoes.  Therefore any decreases in weevil 



 

177 

damage meant that any reductions in the amounts of the proportion of low damage potatoes (as 

the result of EBA) had to be replaced with undamaged potatoes to meet the household 

consumption requirements.  The only real benefit was the sale of the proportion of non-edible 

highly damaged potatoes that became undamaged as a result of EBA.  In the later life cycle 

stages, a higher production and a similar or lower consumption meant that the household could 

derive most of its consumption from low damage potatoes or/and the fourth (cuarta) category in 

the case of native potato.  Therefore a reduction in weevil damage (provided b y EBA) in the 

previously non-consumed low and highly damaged potatoes that under EBA would increase the 

proportion of potatoes to be marketed increasing the ratio be tween the end cash o f EBA and 

potato production with insecticides.   

Therefore lowering weevil damage through EBA will benefit all the s tages in t he family 

life cycle but especially the latest stages.  These lower damages will allow for increases in labor 

and cash costs for the adoption of EBA especially the older life cycle stages.  An additional 

factor that needs to be explored in the model is the effect of reducing the amount of highly 

damaged potatoes fed to farm livestock as the result of EBA and resulting lower damages to the 

crop.  S imilarly another factor that remains to be tested is the time of implementation as farms 

are dynamic and have periods of high and low labor requirements.  Shifting labor or cash 

expenditures in crop protection from one period of the year to another might make crop 

protection more appealing to farmers.  Analysis for this issue can be further evaluated with the 

use o f an ethnographic linear program. 

Complementary farmer surveys helped identify non financial or consumption constraints to 

the adopt ion of EBA technologies.  From this survey it was concluded that social capital was an 

important factor that is needed for the application of EBA.  The degree of community 



 

178 

organization and regulation can help provide the fabric necessary to limit interference from other 

farmers as in the case of cattle trampling over plastic barriers that protect crops from being 

infested.  This confirms the necessity to address other levels of the adoption process beyond the 

individual household level.  S imilarly, another important conclus ion drawn from this survey was 

the importance of combining crop protection with other cropping practices so as not to make 

them burdensome to the potato grower. 

In summary the future design of crop protection ought to consider farmers’ beliefs and 

household composition in order to design more appropriate technologies especially for resource-

constrained young families as they might be less likely to respond to changes in technology 

characteristics as readily as older households.  
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APPENDIX A 
AYMARA SURVEY 

Introducción  

Señor agricultor(a), estamos realizando una encuesta con el Centro Internacional de la Papa para 
poder entender mejor como las actividades de producción agr ícola pueden tener un efecto en el 
uso de l Manejo Integrado de Plagas (MIP). Esta encuesta no le traerá ningún tipo de perjuicio.  
Si usted tiene alguna pregunta por favor no dude en hacérmela o al I ngeniero Alfredo R ios. Le 
agradecemos su participación en esta encuesta. 

PARTE 1. Datos demográficos 

1. Datos demográficos del entrevistado 

Datos 

Iniciales  del entrevistador  

Nombre del encuestado:  

Edad:  

Ocupación del entrevistado:  

 

2. Número de personas que viven en casa con usted: _____ 

Sexo Parentesco Edad Dependen de 
usted (S/N) 

Como aporta la persona en las actividades 
de producción en las chacras  

     

     

* Hijos menores de edad hay que preguntar cuánto tiempo (hrs) d isponen durante la época de 
colegio (fines de semana y tardes) y en las vacaciones para ayudar en la chacra. 

3. Número de personas que aportan o dependen de usted y que viven fuera de casa _______ 

Sexo Parentesco Edad Dependen de 
usted (S/N) 

Como aporta la persona en las actividades 
de producción en las chacras  
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PARTE 2. Producción de animales  

4. Animales Cantidad 
de adultos 

 

Cantidad de 
crías 

Cuantos vende por 
año 

Cuantos consume po r 
año 

Vacunos     

Ovejas     

Auquénidos     

Chanchos      

Mulas/Burros     

Caballos     

Cuyes     

Aves de corral     

 

PARTE 3. Producción, fertilización y destino de los cultivos 

5. Leer: en un año promedio cuanto sacos en total sembrarías de: 

Tipo de cultivo Número de 
sacos 
sembrados 

 

Peso de sacos 
sembrado 

En que meses se siembra 

Apuntar la cantidad 
sembrada y el mes por 
ejemplo: AGO (1) en 
agosto se sembro un 
saco. 

Papa amarga tikpa    

Papa amarga 
barbecho 

   

Papa amarga cutilpo    

Papa nativa en tikpa    

Papa nativa en 
barbecho 
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Papa nativa cutilpo     

Papa mejorada  en 
barbecho 

   

Papa mejorada 
cutilpo 

   

Olluco    

Oca    

Mashua    

Avena    

 

6. Fertilización por saco de semilla de: 

Fertilizan
te 

Nativa 

tikpa 

 

Nativa 

barbecho 

Nativa  

cutilpo 

Mejora
da 

barbecc
ho 

Mejora-
da 

cutilpo 

Ollu
co 

Oca Mashua 

NPK         

Guano         

Gallinace
a 

        

Urea         

Nitrato         

Otros         

 

Si no tuviera Guano cuantos sacos de gallinácea____ entran por uno de guano 

 

 

 

 



 

182 

7. Aplicación de insecticidas, fungicida y abono foliar por saco de semilla.  

Insecticida Papa 
nativa 
en tikpa 

Papa 
nativa en 
barbecho 

Papa 
nativa en 
cutilpo 

Papa 
mejorada 
en 
barbecho 

Papa 
mejorada  
cutilpo 

Nombre d el 
insecticida 

     

Número de 
aplicaciones 

     

Dos is x 
mochila 

     

Fungicida      

Nombre de 
Fungicida 

     

Número de 
aplicaciones 
incluyendo las 
que aplico con 
el insecticida 

     

Dos is x 
mochila 

     

Abono Foliar      

Nombre de 
Fungicida 

     

Número de 
aplicaciones 
incluyendo las 
que aplico con 
el insecticida 

     

Dos is x 
mochila 
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8. Copiar el número de sacos de semilla de la pregunta  5.  

Leer: en un año normal o p romedio c uanto sacos en total cosecharías si sembraste 

Número de sacos 
cosechados 

Sacos 
sembrados 

(copiar de 
la tabla 7)  

Cuanto s acos 
cosechaste 
incluyendo lo 
que le distes a 
los 
cosechadores 

Peso ( en 
kg.) de saco 
cosechado 

Cuantos 
sacos con 
gusano se 
quedan en 
los 
campos en 
total 

En que 
meses se 
cosecha 

Papa shiri tikpa      

Papa shiri 
barbecho 

     

Papa shiri cutilpo       

Total papa shiri 
(sumar) y copia a 
tabla 

     

Papa nativa tikpa      

Papa nativa 
barbecho 

     

Papa nativa 
cutilpo 

     

Total papa nativa 

(sumar)  y copiar 
a tabla  

     

Papa mejorada 
en barbecho (P) 

     

Papa mejorada 
en cutilpo (P-P) 

     

Total papa 
nativa(sumar)  y 
copiar a tabla  

     

Olluco      

Oca      
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Mashua      

Copiar los totales a la pregunta 9 (incluyendo Olluco, Mashua y Oca) 

9. E n un año normal que hace con la producción cosechada (leer número de sacos cosechados) 
cuantos se destinaron a:  

Destino de cultivo (sacos) Papa  

shiri 

Papa 

nativa 

Papa 

mejorada 

Olluco Oca Mashua 

Se cosecho (copiar de 
número de sacos cosechados 
pregunta 8)  

      

Cosechadores (en b ruto)        

Venta desagregar abajo y 
corroborar de cuantos son 
los sacos (kg) de venta 

      

Primera       

Segunda       

Tercera       

Semilla para la siguiente 
campaña 

      

Consumo almacenado 
inc luyendo trueque (para 
consumo posterior) 

      

Consumo inmediato       

Chuno       

Animales       

Total de l descarte       

otros usos (rellenar)       

Totales       

Usted menciono que tenia ______ (sumar) sacos de descarte de ese descarte cuantos sacos  

son dañados por gorgojos ______ 
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10. Usted sembró _____ sacos semilla (copiar de 5) de avena (en total) 

Destino de avena (cargas o 
sacos) 

Número de cargas, sacos, o 
kg. 

Peso de sacos 

Avena consumo verde 
animales cargas 

  

Avena consumo paja (seca) 
cargas 

  

Avena venta semilla 

Sacos 

  

Avena venta en verde 
(cargas) 

  

Avena venta en seco 
(cargas) 

  

 

11. Daños del gorgojo 

En promedio si cosecha diez sacos cuantos sacos están agusanados 

Daños  Nativa Mejorada 

Barbecho   

Tikpa   

Cutilpo   

 

12. Aproximadamente cuantos jornales vende por campaña_____ 

13. Aproximadamente cuantos jornales compra por campaña____ 

14. En promedio que dimensiones tienen sus campos de papa: _____ metros x ______metros 

15. Cuál es orden de rotación más común que usa en sus cultivos? 

Año 1 _____________________, Año 2 _____________________,  

Año 3 _____________________, Año 4 _____________________, 

Año 5 _____________________, Año 6 _____________________, 
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Año 7 _____________________, Año 8 _____________________. 

16. Cuál es el segundo orden de rotacion mas comun que usted usa en sus cultivos? 

Año 1 _____________________, Año 2 _____________________,  

Año 3 _____________________, Año 4 _____________________, 

Año 5 _____________________, Año 6 _____________________, 

Año 7 _____________________, Año 8 _____________________. 

17. Cuantos años de descanso deja pasar antes de volver a sembrar en sus terrenos?_____  

18. Si hubiese tenido mano obra insumos, semilla etc. cuanto terreno descansado hubieses 
podido sembrar adicionalmente esta campaña.  Unidades en número de sacos en semilla de papa 
Mejorada barbecho________. 

19. Cuál es el motivo por el cual no sembraste mas en esos terrenos descansados (por ejemplo 
obra insumos, semilla etc.). Poner el orden de importancia en el paréntesis. 

[    ] _________________________________________________________________________ 

20. En orden de importancia mencione las razones para sembrar papa sobre papa? 

[    ] _________________________________________________________________________ 

21. En orden de importancia mencione las razones para cosechar tarde? 

[    ] _________________________________________________________________________ 

Practicas de Manejo Integrado de Plagas  

Leer: plantas cebo – poner plantas  fumigadas bajo yute en sus campos antes de la s iembra  

22. Conoce usted las planta cebo? 

_____Si 

_____No 

23. Usa actualmente las plantas cebo?  

  _____Solamente plantas cebo 

_____Plantas cebo + aplicación de insecticidas 

_____No uso plantas cebo 
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24. Si usa plantas cebo en qué tipo de siembra las usa?  

_____No usa plantas cebo 

_____Nativa en tikpa/barbecho  

_____Nativa cutilpo  

_____Mejorada en barbecho 

_____Mejorada en cutilpo (P-P) 

25. Cuáles son los beneficios de usar plantas cebo? 

26. Cuáles son los problemas de usar plantas cebo? 

27. Si usa (usara)* plantas cebo sin usar insecticida estime cuantos sacos de 10 sacos 
cosechados cree usted que saldrían dañados con gorgojo de la papa? 

____Nativa en tikpa/barbecho 

____Nativa cutilpo  

____Papa mejorada barbecho 

____Papa mejorada cutilpo  

*hacer la pregunta aunque no use la practica 

28. Si usa (usara)* plantas cebo usando insecticidas  estime cuantos sacos de 10 cosechados 
cuantos cree usted que saldrían dañados con gorgojo de la papa. 

____Nativa en tikpa/barbecho 

____Nativa en cutilpo  

____Papa mejorada barbecho 

____Papa mejorada cutilpo  

*hacer la pregunta aunque no use la practica 

Barreras plásticas – poner en el perímetro barreras de plástico para evitar que el gorgojo 
llegue al campo. 

29. Conoce usted las barreras plásticas? 

_____Si 
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_____No 

30. Usa actualmente las barreras plásticas?  

_____Solamente barreras plásticas 

_____Barreras plásticas + aplicación de insecticidas 

_____No uso barreras plásticas 

31. Si usa las barreras plásticas en qué tipo de siembra las usa?  

_____No usa plantas barreras plásticas 

_____Nativa en tikpa/barbecho 

_____Nativa cutilpo  

_____Mejorada en barbecho 

_____Mejorada en cutilpo ( P-P) 

32. Cuáles son los beneficios de usar barreras plásticas? 

33. Cuáles son los problemas de usar barreras plásticas? 

34. Si usa (usara)* barreras plásticas sin usar insecticida estime cuantos sacos de 10 sacos 
cosechados cree usted que saldrían dañados con gorgojo de la papa. 

____Nativa en tikpa/barbecho 

____Nativa cutilpo  

____Papa mejorada barbecho 

____Papa mejorada cutilpo  

*hacer la pregunta aunque no use la practica 

35. Si usa (usara)* barreras plásticas usando insecticidas  estime cuantos sacos de 10 sacos 
cosechados cree usted que saldrían dañados con gorgojo de la papa. 

____Nativa en tikpa/barbecho 

____Nativa en cutilpo  

____Papa mejorada barbecho 

____Papa mejorada kaillpar  
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*hacer la pregunta aunque no use la practica 

Remoción de suelo – arar el campo que ya ha sido sembrado el año anterior con yunta o 
tractor o chakitacclla para volver a sembrar (cutilpo) 

36. Conoce usted las practicas de remoción de suelo? 

_____Si 

_____No 

37. Usa actualmente la remoción de suelo en sus campos?  

_____Solamente la remoción de suelo en mis campos 

_____Remoción de suelos + aplicación de insecticidas 

_____No uso remoción de  suelo 

38. Si usa la remoción de suelo en qué tipo de siembra las usa?  

_____No usa remoción de suelo 

_____Nativa cutilpo 

_____Mejorada en cutilpo ( P-P) 

39. Cuáles son los beneficios de usar la remoción de suelo? (en orden de importancia) 

40. Cuáles son los problemas de usar remoción de suelo para el control de gorgojo? 

41. Si usa (usara)* remoción de suelo sin usar insecticida estime cuantos sacos de 10 sacos 
cosechados cree usted que saldrían dañados con gorgojo de la papa 

____Nativa cutilpo  

____Papa mejorada cutilpo  

*hacer la pregunta aunque no use la practica 

42. Si usa (usara)*remoción de suelo usando insecticidas  estime cuantos sacos de 10 sacos 
cosechados cree usted que saldrían dañados con gorgojo de la papa. 

____Nativa en cutilpo  

____Papa mejorada cutilpo  

*hacer la pregunta aunque no use la practica 
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APPENDIX B 
SECOND AYMARA SURVEY 

1) 

Nombre del agricultor  

 

 Papa 
nativa 

Papa 
mejorada 

Olluco  Oca Mashua Chuno 
total 
+nativa 
mejorada 

Chuno  

Tota 

Shiri 

Numero 
de 
sacos 

       

Hasta 
cuando 
durara 

       

 

Cultivo Peso saco 
semilla 

Sacos 
cosechados 

Peso sacos 
cosechados 

Numero 
de cargas 

Sacos de 
semilla 

Peso de 
sacos de 
semilla 

       

Shiri       

Nativa en 
tikpa 

      

Nativa en 
barbecho 

      

Nativa en 
cutilpo 

      

Papa 
mejorada 
barbecho 

      

Papa 
mejorada 
cutilpo 
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Olluco       

Oca       

Mashua       

Avena       

 

2) En relación al año pasado 

 Sembrados 

Total  

Tikpa Barbecho Cutilpo Total Partir Alquilado 

Shiri        

Nativa        

Mejorada        

Olluco        

Mashua        

Avena        

 

3) La papa nativa cutilpo rinde  más o menos  que la nativa en tikpa 

Porque rinde ____ (mas o menos dependiendo de la respuesta  de arriba) 

Razón Order de 
importancia 

  

 

4) La papa nativa en cutilpo rinde  más o menos que la nativa en barbecho 

Porque rinde ____ (más o menos dependiendo de la respuesta  de arriba) 

Razón Order de 
importancia 

  

 

 La papa mejorada en  cutilpo rinde más o menos que la mejorada en barbecho 
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5) Porque rinde ____ (más o menos dependiendo de la respuesta  de arriba) 

Razón Orden de 
importancia 

  

 

6) El año pasado cuantos sacos dañados por gorgojo cosechados fueron para alimentar 

 Nativa Mejorada 

Animales   

Consumo persona   

 

 

 

 

 

 

 

 

 



 

193 

LIST OF REFERENCES 

Alcazar, J. 1976. Biologia y comportamiento del gorgojo de los Andes: Premnotrypes 
suturicallus Kuschel (Coleoptera: Curculionidae), pp. 80, Facultad de Agronomia 
Universidad Nacional del Centro, Huancayo, Peru. 

Alcazar, J. 1995. Biologia y comportamiento del gorgojo de los andes., pp. 76-83. In E. N. 
Fernandez-Northcote [ed.], Manejo integrado de plagas de papa: Memorias del curso de 
capacitacion a distancia, Cochabamba, Bolivia. 

Alcazar, J. 1997. Principales plagas de la papa: gorgojo de los Andes, Epitrix y gusanos de  
tierra. International Potato Center, Lima. 

Alcazar, J., and F. Cisneros. 1999. Taxonomy and b ionomics of the Andean po tato weevil 
complex: Premnotrypes spp. and related genera, pp. 141-151. International Potato Center 
(CIP), Lima. 

Altieri, A. M., and C. Nicholls. 2004. Agroecological bases of ecological engineering for pest 
managemen, pp. 232. In G. M. Gurr, S. D. Wratten and M. A. Altieri [eds.],  Ecological 
engineering for pest management : advances in habitat manipulation for arthropods 
Comstock Pub. Associates/Cornell University Press, Ithaca, N.Y. 

Altieri, M. A. 1995. Agroecology : the science of sustainable agriculture. Westview Press, 
Boulder, CO. 

Altieri, M. A., and C. I. Nichol. 1999. Biodiversity, ecosystem function, and insect pest 
management in agricultural systems, pp. 69-84. In W. W. Collins and C. O. Qualset 
[eds.], Biodiversity in agroecosystems. CRC, Boca Raton, F L. 

Ambrogi, B. G., D. M. Vidal, P. H. G. Zarbin, and G. H. Rosado-Neto. 2009. Aggregation 
pheromone in curculionidae (insecta: coleoptera) and their taxonomic implication. 
quimica nova 32: 2151-2158. Quim. Nova 32: 2151-2158. 

Andow, D. A. 1992. Fate of eggs of first generation Ostrinia nubialis (Lepidoptera, Pyralidae) in 
3 conservation tillage systems. Environ. Entomol. 21: 388-393. 

Antezana, I., A. Fabian, S. Freund, E. Gehrke, G. Glimmann, and S. Seher. 2005. Poverty in 
potato producing communities in the central highlands of Peru. Centre for Advanced 
Training in Rural Development, pp. 260. University of Humboldt, Berlin, Germany. 

Apple, J. L. 1972. Intensified pest management needs of developing nations. Bioscience 22: 
461-464. 

Arica, D., J. Kroschel, G. Forbes, and K. Saint Pere. 2006. Persistent Organic Pollutants and 
Hazardous Pesticides in Andean Farming Communities in Peru. . I nternational Potato 
Center (CIP), Lima, Peru. 



 

194 

Bajwa, W. I., and M. Kogan. 2003. Integrated pest management adoption by the global 
community, pp. 512. In K. M. Maredia, D. Dakouo and D. Mota-Sanchez [eds.], 
Integrated pest management in the global arena Cambridge, MA. 

Beets, W. 1990. Rasing and sustaining productivity of smallholder systems in the Tropics. AgBé 
Publishing, Alkmaar, Holland.  

Begon, M., J. Harper, and C. Twosend. 1990. Ecology: inidividuals, populations, and 
communities Oxford University Press, Don Mills, Ontario. 

Bentley, J., and K. Andrews. 1996. Through the roadblocks: IPM and Central American 
smallholders. Downloaded from http://www.iied.org/docs/gatekeep/GK56.pdf. 
International Institute for Environment and Development. 

Bernard, H. R. 2002. Research methods in anthropology. Altamira Press, Lanham, MD. 

Bierzychudek, P., K. A. Warner, A. McHugh, and L. Thomas. 2009. Testing the host- finding 
ability of a monophagous caterpillar in the field. Ecol. Entomol. 34: 632-637. 

Blanco, O. 1994. Efecto del descanso del suelo sobre numero y la viabilidad de quistes de 
Globbodera spp. de la papa, pp. 171-174. In D. Herve, G. Didier and R. Gillies [eds.], 
Dinamicas del descanso de la tierra en los Andes. IBTA-OSTROM, La Paz, Bolivia. 

Boiteau, G., J. D. Picka, and J. Watmough. 2008. Potato field colonization by low-density 
populations of colorado potato beetle as a function of crop rotation distance. J Econ 
Entomol 101: 1575-1583. 

Boiteau, G., F. Meloche, C. Vincent, and T. C. Leskey. 2009. Effectiveness of glues used for 
harmonic radar tag attachment and impact on survival and behavior of three insect pests. 
Environ. Entomol. 38: 168-175. 

Bolker, B. M., M. E. Brooks, C. J. Clark, S. W. Geange, J. R. Poulsen, M. H. H. Stevens, 
and J. S. S. White. 2009. Generalized linear mixed models: a practical guide for ecology 
and evolution. Trends Ecol. Evol. 24: 127-135. 

Botrell, D. G. 1983. Social problems in pest management in the tropics. Insect Sci. Appl. 4: 179-
184. 

Brillinger, D. R. 2007. A potential function approach to the flow of play in soccer. J. 
Quantitative Analysis in Sports 2: Article 3.  

Brillinger, D. R., H. K. Preisler, A. A. Ager, J. G. Kie, and B. S. Stewart. 2002. Employing 
stochastic differential equations to model wildlife motion. B. Braz. Math. Soc 33: 385-
408. 

Caballero, J. M. 1983. Agricultura peruana: economia campesina y campesinado. Balance de la 
investigacion reciente y patron de evolucion, pp. 261-332. In I. Iguinis [ed.], La cuestion 
rural en el Peru. PUC, Lima, Peru. 

http://www.iied.org/docs/gatekeep/GK56.pdf�


 

195 

Carvajal, C. P. 1992. Biología, fluctuación de población y control del gorgojo de los Andes 
Premnotrypes latithorax en la localidad de Aguirre, pp. 105. Universidad Mayor de San 
Simon, Cochabamba, Bolivia. 

Catalán, W., W. Villano, and A. Inquiltupa. 1993. Resumen Reunion anual sobre Manejo 
Integrado del Gorgojo de los Andes (MIGA), Cuzco-Peru, pp. 1-60. In J. Alcazar, C. F. 
and O. O. [eds.], Primer Encuentro Nacional de Manejo Integrado de Gorgojo de los 
Andes, Lima, Perú. 

Chavez, C. R. 1996. Descripción de la actividad migratoria del gorgojo de los Andes 
(Premnotrypes sp.) en dos comunidades altiplanicas del departamento de la Paz, Facultad 
de Ciencias Agricolas y Pecuarias. Universidad Técnica de Oruro, Oruro, Bolivia. 

Conservation_International. 2009. Biodiversity hotspots: tropical Andes. 

Coronado, G. 2004. Atlas regional de l Peru: Junin. Ediciones Peisa, Lima, Peru. 

Cotlear, D. 1989. Desarrollo campesino en los Andes : cambio tecnologico y transformacion 
social en las comunidades de la sierra del Peru. I nstituto de  Estudios Peruanos, Lima 
Peru. 

Crissman, C. C., Espinosa, C. E. H. Ducrot, D. C. Cole, and F. Carpio. 1998. The case study 
site: physical, health, and potato farming systems in Carchi province, pp. 85-120. In C. C. 
Crissman, J. M. Antle and S. M. Capalbo [eds.], Economic, environmental, and health 
tradeoffs in agriculture: pesticides and the sustainability of Andean potato production. 
Kluwer Academic Publishers, Dordrecht , The Netherlands. 

Dacke, M., M. J. Byrne, C. H. Scholtz, and E. J. Warrant. 2004. Lunar orientation in a beetle. 
Proc. R. Soc. Lond. Ser. B-Biol. Sci. 271: 361-365. 

Davies, F. T., C. M. Caldero, Z. Huaman, and R. Gomez. 2005. Infuence o f a flavonoid 
(formononetin) on mycorrhizal activity and potato crop productivity in the highlands of 
Peru. . Sci. Hortic. 106: 318-329. 

Dollfus, O. 1982. Development of land use patterns in the Central Andes. Mt. Res. Dev. 2: 39-
48. 

Durand, J. A. 2001. Evaluación de  tuberculos andinos como hospendantes de  Premnotrypes 
latithorax (Pierce) en el distrito de Chinchero. In A. Lovón [ed.], Manejo Integrado de 
Plagas de los Principales Cultivos Andinos. Arariwa, Cuzco, Peru. 

Dusenbery, D. B. 1989a. Optimal Search Direction for an Animal Flying o r Swimming in a 
Wind or Current. Journal of Chemical Ecology 15: 2511-2519. 

Dusenbery, D. B. 1989b. Ranging strategies. Journal of Theoretical Biology 136: 309-316. 

Dusenbery, D. B. 1992. Sensory Ecology. W.H. Freeman and Company, New York. 



 

196 

Eckholm, E. P. 1975. Deterioration of mountain environments. Science 189: 764-770. 

Ellis, F. 1993. Peasant economics: farm households and a grarian de velopment. C ambridge 
University Press, Cambridge. 

Ellis, F. 2000. Rural livelihoods and diversity in developing countries. Oxford University Press, 
Oxforfd. 

Fahrig, L. 2007. Non-optimal animal movement in human-altered landscapes. Funct. Ecol. 21: 
1003-1015. 

Flynn, D. F. B., M. Gogol-Prokurat, T. Nogeire, N. Molinari, B. T. Richers, B. B. Lin, N. 
Simpson, M. M. Mayfield, and F. DeClerck. 2009. Loss of functional diversity under 
land use intensification across multiple taxa. Ecol. Lett. 12: 22-33. 

Franco, E., and D. E. Horton. 1979. Produccion y utilizacion de la papa en el valle del 
Mantaro, Peru. International Potato Center (CIP), Lima, Peru. 

Fry, W. E. 1994. Role of early blight and late blight supression in po tato pest management, pp. 
xiii, 655. In G. W. Zehnder [ed.], Advances in potato pest biology and management. APS 
Press, St. Paul, MN. 

Fujimoto, A. 2005. Vegetable growing in P ucara Village in t he Central Andes, P eru. J. R ural. 
Stud. 100: 142-153. 

Fujimoto, A., I. Miyaura, and R. Ugas. 2004. Cultivation practices and economics of the major 
crops in a Central Andean village, Peru: a case study of Pucara in Junin province in 
Mantaro valley. J. Agr. Sci 49: 1-16. 

Gelman, A., and J. Hill. 2007. Data aalysis using regression and multilevel/hierarchical models. 
Cambridge University Press, C ambridge, N Y. 

Gibbs, K. E., R. L. Mackey, and D. J. Currie. 2009. Human land use, agriculture, pesticides 
and losses of imperiled species. Divers. Distrib. 15: 242-253. 

Harrel, F. 2001. Regression modeling strategies : with applications to linear models, logistic 
regression, and survival analysis. Springer, New York, NY. 

Hayek, L.-A. C., and M. A. Buzas. 1997. Surveying natural populations. Columbia University 
Press, New York, NY. 

Heinzel, H. G., and H. Böhm. 1989. Dynamic properties of or ientation to turbulent air current 
by walking carrion beetles. J. Comp  Physiol. 164: 775-786. 

Hildebrand, P., N. Breuer, V. Cabrera, and A. Sullivan. 2003. Modelling diverse livelihood 
strategies in rural livelihood systems using ethnographic linear programming. Staff Paper 
Series SP03-5. Food and Resource Economics Department, IFAS, University of Florida, 
Gainesville, USA., pp. 14. 



 

197 

Hildebrand, P. E., and A. J. Sullivan. 2001. Livelihood, food security and d iversity in limited 
resource, landed households, pp. 16. University of Florida, USA. 

Holland, J. M., and M. L. Luff. 2000. The effects of agricultural practices on Carabidae in 
temperate agroecosystems. Integrated Pest. Manag. Rev. 5: 109-129. 

Horton, D. E. 1987. Potatoes : production, marketing, and programs for developing countries. 
Westview Press, Boulder, CO. 

Jander, R. 1975. Ecological aspects of spatial orientation. Annu. Rev. Ecol. Syst. 6: 171-188. 

Johnson, S. N., and P. J. Gregory. 2006. Chemically-mediated host-plant location a nd selection 
by root-feeding insects. Physiol. Entomol. 31: 1-13. 

Kabaluk, J. T., and R. S. Vernon. 2000. Effect of crop rotation on populations of Epitrix 
tuberis (Coleoptera : Chrysomelidae) in potato. J. Econ. Entomol. 93: 315-322. 

Karandinos, M. G. 1976. Optimum sample size and coments on some published formulae. Bull. 
Entomol. Soc. Am. 22: 417-421. 

Kaya, B., P. E. Hildebrand, and P. K. R. Nair. 2000. Modeling changes in farming systems 
with the adop tion o f improved fallows in southern Mali. A g. Systems 66 : 51-68. 

Kervyn, B. 1996. La economia campesina en los Andes peruanos: teorias y politicas, pp. 424-
458. In P. Morlon [ed.], Comprender la agricultura campesina en los Andes Centrales. 
Centro de Estudios Regionales Andinos "Bartolome de las Casas", Lima, Peru. 

Kjaerpedersen, C. 1992. Flight behavior of the cabbage seedpod weevil. Entomol. Exp. Appl. 
62: 61-66. 

Krebs, C. J. 1999. Ecological methodology. Benjamin/Cummings, Menlo Park, C A. 

Kroschel, J., J. Alcazar, and P. Poma. 2009. Potential of plastic barriers to control Andean 
potato weevil Premnotrypes suturicallus Kuschel. Crop. Prot. 28: 466-476. 

Kuhne, M. 2007. Ecology and interactions with the entomopathogenic fungus Beauveria 
bassiana, pp. 178, Fakultät für Agrarwissenschaften. Georg-August-Universität 
Göttingen, Gottingen, Germany. 

Lima, S. L., and P. A. Zollner. 1996. Towards a behavioral ecology of ecological landscapes. 
Trends Ecol. Evol. 11: 131-135. 

Martínez, A., E. Núñez, Y. Silva, K. Takahashi, G. Trasmonte, K. Mosquera, and P. Lagos. 
2006. Vulnerability and adaptation to c limate changein the peruvian central andes: results 
of a p ilot study, International Conference on Southern Hemisphere Meteorology and 
Oceanography, Iguazu, Brasil. 



 

198 

Mayer, E. 1979. Land use in t he Andes: ecology and agriculture in the Mantaro Valley o f Peru 
with a special reference to potatoes. CIP, Lima, Peru. 

Mayer, E. 1992. La chacra de papa: economía y ecología. Lima, Centro Peruano de Ciencias 
Sociales, Lima, Peru. 

Mayer, E. 2002. The articulated peasant : household economies in the Andes. Westview Press, 
Boulder, CO. 

Meir, C., and S. Williamson. 2005. Farmer decision-making for ecological pest management, 
pp. 83-96. In J. N. Pretty [ed.], The pesticide detox : towards a more sustainable 
agriculture. Earthscan, London ; Sterling, VA. 

MINAG. 2003. Plan estrategico de la cadena de papa. Ministerio de Agricultura del Peru, Lima, 
Peru. 

Morante, M. C., V. H. Ticona, W. C. Plata, and I. T. Tordoya. 2007. Distribut ion o f wild 
potato species in the north of the Department of La Paz, Bolivia. Span. J. Agric. Res. 5: 
326-332. 

NietoCabrera, C., C. Francis, C. Caicedo, P. F. Gutierrez, and M. Rivera. 1997. Response of 
four Andean crops to rotation and fertilization. Mt. Res. Dev.: 273-282. 

Norman, D. W. 1983. The farming systems approach to research., pp. 7-19. In B.-F. C. [ed.], 
Farming systems in the field, Kansas State University, Manhattan, Kansas. 

Norton, G. 2005. The need for cost effective design and difussion of IPM, pp. 3-10. In G. 
Norton, S. K. De Datta, M. E. Irwin, E. G. Rajjotte and H. E.A. [eds.], Globalizing 
integrated pest management: a participatory research process. Blackwell Publishing 
Professional, Iowa, US. 

Norton, G. A., and J. D. Mumford. 1984. Economic decision making in pest management. 
Annu Rev Entomol 29: 157-174. 

Okubo, A., and P. Kareiva. 2001. Some examples of animal diffussion pp. 468. In A. Okubo 
and S. Levin [eds.], Diffusion and ecological problems Springer, College Park, MD. 

Olanya, O. M., C. W. Honeycutt, R. P. Larkin, T. S. Griffin, Z. Q. He, and J. M. Halloran. 
2009. The effect of cropping systems and irrigation management on development of 
potato early blight. J. Gen. Plant. Pathol. 75: 267-275. 

Orlove, B., G. R., and P. Morlon. 1996. Sistema de barbecho sectorial, pp. 85-117. In P. 
Morlon [ed.], Comprender la agricultura campesina en los Andes Centrales. Centro de 
Estudios Regionales Andinos "Bartolome de las Casas", Lima, Peru. 

Orr, A., and J. M. Ritchie. 2003. Learning from failure: smallholder farming system and IPM 
in Malawi. Agr. Syst. 79: 31-54. 



 

199 

Ortiz, O. 1997. The information system for IPM in subsistence po tato p roduction in Peru: 
experience of introducing innovative information in Cajamarca Province., pp. 367. 
University of Reading, United Kingdom. 

Ortiz, O., and S. Swinton. 1999. Factores que influyen en la aplicacion de l mip en la region 
andina, pp. 139, Seminario taller Internacional: Manejo Integrado de Plagas de los 
Principales Cultivos Andinos. Asociacion Arariwa, Urubamba, Cuzco. 

Ortiz, O., J. Alcazar, W. Catalan, W. Villano, V. Cerna, H. Fano, and T. S. Walker. 1996. 
Economic impact of IPM practices on the andean potato weevil in Peru, pp. 95-110, Case 
studies of the economic impact of CIP-related technologies. International Potato Center, 
Lima. Peru. 

Oswald, A., S. De Haan, J. Sanchez, and R. Ccanto. 2009. The complexity of simple tillage 
systems. J Agr. Sci. 147: 399-410. 

Palis, F., S. Morin, and M. Hossain. 2002. Social capital and d iffussion of integrated pest 
management technology: A case study in central Luzon, Phillipines, Social Research 
Conference. CIAT, Palmira, Colombia. 

Pelletier, Y., and R. Caissie. 2001. Behavioural and physical reactions of the Colorado potato 
beetle, Leptinotarsa decemlineata (Say) (Coleoptera : Chrysomelidae) walking on a 
slanted surface. Biol. Cybern. 84: 269-277. 

Pienkowski, R., and Z. Golik. 1969. Kinetic or ientation behavior of alfalfa weevil to its host 
plant. Annals of the Entomological Society of America 62: 1241-&. 

Pimentel, D ., H. Acquay, M. Biltonen, P. Rice, M. Silva, J. Nelson, V. Lipner, S. Giordano, 
A. Horowitz, and M. Damore. 1992. Environmental and economic costs of pesticide 
use. Bioscience 42: 750-760. 

Pinheiro, J., and D. Bates. 2000. Mixed-effects models in S and S-PLUS. Springer-Verlag, 
New York, N Y. 

Pinstrup-Andersen, P., an d R. Pandya-Lorch. 1998. Food security and sustainable use of 
natural resources: a 2020 vision. Ecol. Econ. 26: 1-10. 

Pluke, R. W. 2004. Host preferences in Trichogramma and how understanding t he dynamics of 
a farming system may improve IPM research, pp. 283, Entomology and Nematology. 
University of Florida, Gainesville. 

Preisler, H. K., A. A. Ager, B. K. Johnson, and J. G. Kie. 2004. Modeling a nimal movements 
using stochastic differential equations. Environmetrics 15: 643-657. 

Pretty, J. N. 2005. Pesticide use and the environment pp. 294. In J. N. Pretty [ed.], The pesticide 
detox. Earthscan, Sterling, VA. 



 

200 

Putter, C. 1987. Pontential opportunities for rational pest control in developing countries. , pp. 
235-267, Rational Pesticide Use. Proceedings of the ninth Long Ashton Symposium. 
Cambridge University Press, UK. 

Ravnborg, H. M., M. P. Guerrero, and O. Westermann. 2002. Collective action in ant 
control, pp. 336. In R. Meinzen-Dick [ed.], Innovation in natural resource management: 
the role of property rights and collective action in developing countries. International 
Food Policy Research Institute, Baltimore, Maryland. 

Roling, N., and E. van de Fliert. 1994. Transforming e xtension for sustainable agriculture:the 
case of Integrated Pest Management in rice in Indonesia. Human Values 12: 47-57. 

Routledge, R. D., and T. B. Swartz. 1991. Taylor Power Law reexamined. Oikos 60: 107-112. 

Sabelis, M. W., and P. Schippers. 1984. Variable wind directions and anemotactic strategies of 
searching for an odor plume. Oecologia 63: 225-228. 

Schooley, R. L., and J. A. Wiens. 2003. Finding habitat pa tches and d irectional connectivity. 
Oikos 102: 559-570. 

Schooley, R. L., and J. A. Wiens. 2004. Movements o f cactus bugs: patch transfers, matrix 
resistance, and edge permeability. Landscape Ecology 19: 801-810. 

Schoonhoven, L., T. Jermy, and J. van Loon. 1998. Insect-plant biology. University of 
Cambridge Press. 

Schultz, T. W. 1964. Transforming Traditional Agriculture. Yale University Press, N ew Haven. 

Scott, G. J. 1985. Markets, myths, and middlemen: a study of potato marketing in the central 
Peru. International Potato C enter Lima, Peru. 

Sexson, D. L., and J. A. Wyman. 2005. Effect of crop rotation distance on populations of 
colorado potato beetle (Coleoptera : Chrysomelidae): development of areawide colorado 
potato beetle pest management strategies. J. Econ. Entomol. 98: 716-724. 

Silva, Y., K. Takahashi, N. Cruz, G. Trasmonte, Kobi Mosquera, E. Nickl, R. Chavez, B. 
Segura, and P. Lagos. 2006. Variability and c limate change in the mantaro r iver basin, 
central peruvian andes, International Conference on Southern Hemisphere Meteorology 
and O ceanography, Iguazu, Brasil. 

Sotelo, J. M. 1996. Role de las plantas volunatias como fuente de infestacion del gorgojo de los 
Andes, pp. 87, Facultad de agronomia. Universidada Nacional del Centro, Huancayo. 

Sullivan, A. 2000. Decoding diversity: strategies to mitigate household stress, pp. 100, 
Agricultural Extension and Communications. University of Florida, Gainesville, FL. 

Taylor, L. R. 1961. Aggregation, variance and mean. N ature 189 : 732 -&. 



 

201 

Thangata, P. H., P. E. Hildebrand, and F. Kwesigal. 2007. Predicted impact of HIV/AIDS on 
improved fallow adoption and rural household food security in Malawi. Sust. Dev. 15: 
205-215. 

Thorner, D. 1986. Chayanov's concept of peasant economy, pp. 316. In D. Thorner, K. Basile 
and R. E. F. Smith [eds.], The Theory o f Peasant Economy. The University o f Wisconsin 
Press, Madison. 

Thurston, H. D. 1994. Andean potato culture: 5,000 years of experience with sustainable 
agriculture, pp. 655. In G. Zehnder, Powelson M., Jansson R. and Raman K. [eds.], 
Advances in Potato Pest Management. The American Phytopathological Society, Saint 
Paul, MN. 

Turchin, P. 1998. Quantitative Analysis of Movement. Sinauer Associates Inc., Sunderland, 
Massachusetts. 

Vacha, M., D. Drstkova, and T. Puzova. 2008. Tenebrio beetles use magnetic inclination 
compass. Naturwissenschaften 95: 761-765. 

Valdivia, C. 2004. Andean livelihood strategies and the livestock portfolio. Culture & 
Agriculture 26: 69-79. 

Van Tilborg, M., J. N. C. Van Der Pers, P. Roessingh, and M. W. Sabelis. 2003. State-
dependent and odor-mediated anemotactic responses of a micro-arthropod o n a novel 
type of locomotion compensator. Behavior Research Methods Instruments & Computers 
35: 478-482. 

Villano, W. V. 1994. Dinámica poblacional del gorgojo de los Andes Premnotrypes latithorax 
(Pierce) Kuschel, Facultad de Agronomía y Zootecnia. Universidad Nacional de San 
Antonio Abad del Cuzco, K'ayra, Cuzco, Peru. 

Visser, J. H. 1986. Host odor perception in phytophagous insects. Annual Review of 
Entomology 31: 121-144. 

Walters, R. J., M. Hassall, M. G. Telfer, G. M. Hewitt, and J. P. Palutikof. 2006. Modelling 
dispersal of a temperate insect in a changing climate. P. R. Soc. B. 273: 2017-2023. 

Weisz, R., Z. Smilowitz, and B. Christ. 1994. Distance, rotation, and border crops affect 
colorado potato beetle (coleoptera, chrysomelidae) colonization and population-density 
and early blight (Alternaria-solani) severity in rotated potato fields. J. Econ. Entomol. 87: 
723-729. 

Wiegers, E. S., R. J. Hijmans, D. Herve, and L. O. Fresco. 1999. Land use intensification and 
disintensification in the Upper Canete valley, Peru. Hum. Ecol. 27: 319-339. 

Wilson, L. T. 1983. Clumping patterns of fruit arthropod s in cotton with implications for 
binomial sampling. Environ Entomol 12 : 50-54. 



 

202 

Yabar, E. 1994. El manejo ecologico del gorgojo de los Andes. Ediciones RAAA. 

Zimmerer, K. S. 2002. Common field agriculture as cultural landscape of Latin America: 
development and history in the geographical customs of resoruce use. Journal of Cultural 
Geography Spring: 37 - 63. 

Zollner, P. A., and S. L. Lima. 1999. Illumination and the perception of remote habitat patches 
by white-footed mice. Animal Behaviour 58: 489-500. 

Zuur, A. F., E. N. Ieno, A. A. Savelive, N. W. Walker, and G. M. Smith. 2009. Mixed effects 
model and extensions  in ecology with R. Springer, New York, NY. 

 



 

203 

BIOGRAPHICAL SKETCH 

Alfredo Rios was born in Lima, Peru in 1971 and in 1989 left to live in Canada, where he 

received a Bachelor of Science in biology at the University of Guelph.  From 1996 to 2000, he 

worked developing a butterfly farm in Tambopata, after which he returned to school at the 

University o f F lorida, where he received a Master of Arts in Latin American studies with a 

trop ical conservation and d evelopment concentration.  He continued at the University of Florida 

to receive his doc torate in interdisciplinary ecology in 2010.  He plans to work in entomology 

and agricultural development.  

 
 
 


	ACKNOWLEDGMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	ABSTRACT
	INTRODUCTION
	Background
	The Problematic Situation
	Objectives and Research Questions
	Study Sites 
	Methodology and Theoretical Frameworks
	Relevance

	LIVELIHOOD SYSTEMS AND CONTINUOUS POTATO CROPPING IN AN ANDEAN COMMUNITY
	Introduction
	The Mantaro Valley
	Study Site
	Methodology
	Results
	Informal Ethnographic Conversations 
	History of the community of Aymará and its former cropping practices
	San Jose de Aymará current cropping system

	Farmers Focus Group Results
	Potato in tikpa
	Potato in barbecho
	Potato in cutilpo
	Other Andean tubers
	Oats
	Labor requirements by crop 

	Farmers’ Survey Results
	Livestock holdings
	Aymará’s cropping pattern
	Dates of planting and harvest
	Potato yields in relation to potato type and type of planting and non  potato tuber yields
	Fertilizer and pesticide use
	Potato weevil damage by potato type and type of planting
	Reason for planting in cutilpo 
	Factors increasing/decreasing yields for potato seeded in tikpa, barbecho, and cutilpo.
	Reasons for harvesting late


	Discussion 

	EVALUATION OF THE LANDSCAPE DISTRIBUTION OF THE ANDEAN POTATO WEEVIL IN TWO ANDEAN COMMUNITIES OF THE MANTARO VALLEY
	Introduction 
	Materials and Methods
	Study Sites
	Field Sampling for Weevils
	Determination of the Sampling Unit Size and Depth 
	Determination of the Number of Sampling Units Needed per Field.
	Comparison of Weevil Overwintering Populations among Different Types of Potato Fields
	Relationship between the Weevil Infestation Level and Harvest Times of Potato Fields at Different Cropping Intensities
	Comparison of Weevil Overwintering Sources in Different Types of Fields

	Results
	Determination of the Sampling Unit Size and Depth 
	Determination of the Number of Sampling Units Needed per Field.
	Comparison between Weevil Overwintering Populations in Different Types of Potato Fields 
	Comparison of Weevil Overwintering Sources in Different Types of Fields
	Relationship between the Infestation Level and Harvest Times of Potato Fields with Different Cropping Intensities

	Discussion

	SPATIAL ECOLOGY AND MOVEMENT OF THE ANDEAN POTATO WEEVIL 
	Introduction
	Materials and Methods
	Weevil Ranging and Host Plant Location
	Site of release
	Processing of the study weevils
	Weather monitoring
	Weevil tracking
	Ranging and perceptual range model 
	Movement Simulation under different weather conditions  

	Tuberization Architecture and Larval Colonization 
	Tuber depth and infestation potential 
	Horizontal tuber distance and infestation potential 
	Tuber size and infestation potential 
	Weevil infestation at the plot level


	Results 
	Weevil Ranging and Host Plant Location
	Environmental conditions
	Movement model selection and posterior simulation checks
	Movement Simulation under Different Weather Conditions 

	Tuberization Architecture and Larval Colonization 
	Tuber Infestation 
	Plot infestation 


	Discussion 

	MODELLING POTENTIAL ADOPTION OF CROP PROTECTION IN AN ANDEAN LIVELIHOOD SYSTEM
	Introduction
	Livelihood Systems Framework and Its Relation to Pest Management
	Assessing Potential for the Adoption of Ecologically-Based Alternatives
	Study Site

	Methods
	Farmer Surveys and Informant Focus Groups
	Perception of Benefits and Problems of Three Ecologically-Based Alternative Technologies
	Ethnographic Linear Program Model 
	Family labor use and expenses
	Potato uses
	Pest and disease management 
	Land use 

	Family Life Cycle Simulations, Initial Conditions and Model Description
	Sensitivity Analysis of Pest Management Adoption 

	Farmer Survey Results
	Perceptions of Benefits and Problems of Three EBA Practices
	Results of the Ethnographic Linear Program
	Multiyear household simulation
	Ecological based alternatives, costs, and, labor
	Ecologically based alternatives, percent damage, and, cost
	Ecologically based alternatives, percent damage, and, labor
	Ecologically based alternatives, percent damage, and, potato consumption


	Discussion

	CONCLUSIONS
	AYMARA SURVEY
	SECOND AYMARA SURVEY
	LIST OF REFERENCES
	BIOGRAPHICAL SKETCH

