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Abstract. Our study uses a quasi-natural experiment to assess the presence of wealth 

constraints limiting both demand for and supply of technical innovations adapted to cattle 

herders in a poor and remote area of the Peruvian Highlands.  This is done in the context of a 

specific NGO intervention aimed at activating a market for such innovations through the 

channel of grassroots extension agents.  Unique features of our dataset are (i) the highly 

disaggregated characterization of innovations, and (ii) detailed information about providers 

of agricultural extension.  We show that significant liquidity constraints exist on the two sides 

of the market, and that innovation adoption is significantly influenced by participation in 

training events but only provided that these constraints are overcome.  Moreover, economic 

viability of grassroots agents is shown to hinge critically on their combination of extension 

and productive activities.  
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1. Introduction 
 

At the very time when population growth and greater prosperity mean the world’s food 

production will need to double over the next three or four decades, growth of food production 

is seriously impeded in developing countries owing to a lack of yield increase.  In fact, almost 

all the increase in the world’s cereal output in 2008 came from rich countries, and much of 

this was a result of increased acreage, a possibility almost foreclosed in developing countries 

(FAO, 2009).  On the other hand, since poverty in the latter tends to be concentrated in rural 

areas, and non-agricultural opportunities in rural, urban, and peri-urban areas are limited, 

poverty alleviation necessitates a significant increase in the incomes drawn from land-related 

activities.  In conditions of acute land pressure and/or poor soil fertility, such an increase will 

not be possible unless technical progress takes place on a large scale.  For yields to be boosted 

in poor countries, appropriate technologies must be made available for use by smallholders, 

and the latter must have the willingness and ability to adopt them.  Unfortunately, too often 

these two conditions remain unsatisfied, especially in remote and backward areas.   The 

problem does not necessarily arise from a short supply of technical innovations.  Thus, for 

example, despite the release of nearly 1700 improved wheat varieties in developing countries 

during the period 1988-2002, only a relatively small number have been adopted on a 

substantial scale by farmers (Dixon et al., 2006, p. 489).  A large majority of them remain on 

the shelves of big international organizations, such as the Institutes belonging to the CGIAR 

(Consultative Group for International Agricultural Research).   

Lack of information and on-the-ground demonstration of the advantages of the new 

technologies, which may itself depend crucially on the presence of effective extension agents, 

poor training and low skills among potential users, deficient distribution, and/or high costs of 

modern inputs into which innovations are embedded, as well as absent or imperfect credit and 

insurance market are well-known inhibitors of technical progress in poor rural areas.  The 

existing empirical literature confirms this variety of factors influencing technology adoption 

in developing areas.  Whereas in some cases information problems and lack of education act 

as a significant barrier (Foster and Rosenzweig, 1996; Weir and Knight, 2000; Dimara and 

Skuras, 2003; Adegbola and Gardebroek, 2007; in other cases credit constraints (Bhalla, 

1979; Salasya et al., 1998; Croppenstedt et al., 2003; Barrett et al., 2004; Gine and Klonner, 

2005; Minten et al., 2007), consumption risks (Dercon and Christiaensen, 2008; Simtowe, 

2006; Gine and Yang, 2009; Foster and Rosenzweig, 2009), poor learning effects due to low 

density of social networks (Foster and Rosenzweig, 1995; Munshi, 2004; Bandiera and Rasul, 
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2006; Conley and Udry, 2008),  problems of access to, and timely delivery of modern inputs, 

as well as all the constraints associated with poor infrastructure (Hassan et al., 1998; 

Makokha et al, 2001; Wekesa et al, 2003; Suri, 2009), or ill-adaptation of technical 

innovations on offer (Griliches, 1957), turn out to be the most decisive hurdles (see Foster and 

Rosenzweig, 2010, for a recent survey that puts emphasis on learning effects, and on risk, 

credit and scale constraints).   

When assessing innovation behaviour, it is particularly important to allow for incomplete 

information of potential adopters, so as to avoid selectivity bias (Feder et al., 1985; Rigby and 

Caceres, 2001; Shiferaw et al., 2008). This difficulty is typically addressed in the literature by 

using sample separation and modelling adoption as a multistage (usually a two-stage) decision 

process. The first stage corresponds to the process of acquisition of the minimum information 

necessary to evaluate and assess the innovation.  It is typically modelled by assuming that 

everybody has heard of an innovation, so that awareness results from an active and costly 

process of information collection only (see Saha et al., 1994, for more details).
1
  The second 

stage estimates the determinants of actual adoption conditional upon possession of sufficient 

information.
2
 The main limitation of this approach, however, stems from the availability of an 

instrument that satisfies the exclusion restriction. 

A different methodological approach consists of using random experimental designs.  

Thus, Duflo, Kremer, and Robinson (2007) have shown that offering Kenyan farmers the 

option of buying fertiliser immediately after the harvest when liquidity constraints are most 

relaxed has the effect of increasing significantly the proportion of farmers using this modern 

input (at the full market price, but with free delivery).  In this case, the obstacle to fertiliser 

use lies in savings difficulties rather than in information problems about its potential benefits, 

or supply constraints impinging on the local availability of crucial inputs.  Another paper 

using the same methodology (Oster and Thornton, 2009) shows that in Nepal peer effects 

encourage the adoption of new techniques.  One of the limitations of this approach is again 

practical: it requires a special research design that is implemented before innovations are 

diffused.   

                                                 
1
 The assumption is that a producer is aware of an innovation if the level of acquired information is 

greater than a certain threshold information level (Dimara and Skuras, 2003, p. 189). 
2
  Note that stages preliminary to the actual adoption-decision process need not be associated with 

information acquisition only: they may concern access to credit or crucial inputs such as seeds or 

fertilisers, whose distribution may be highly imperfect (as is done in Coady, 1995; and Shiferaw, et al., 

2008). 
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The methodology followed in the present paper lies somewhere between the multistage 

modelling of the adoption decision process and the experimental approach.    It is based on a 

quasi-natural experiment that allows us to estimate (i) the impact on adoption of liquidity or 

savings constraints conditional on basic information about available techniques, and (ii) the 

impact of voluntary efforts to acquire more specialized knowledge.  More precisely, our study 

exploits the occurrence of an external shock under the form of a NGO (Non-Governmental 

Organisation) intervention aimed at providing information, extension, and input dissemination 

regarding a series of technical innovations to potential users residing in two districts of the 

Northern Peruvian Highlands.  If we are not in a position to assess the total or average impact 

of the external intervention (since information about the incidence of technical change in a 

control group is lacking), we can estimate its differential impact on poor and rich potential 

users in conditions of absent (or highly imperfect) credit and insurance markets.  This is 

because the NGO’s extension and dissemination efforts have had the effect of suppressing 

several important causes of non-adoption of available (and appropriate) technical innovations, 

thus leaving shortage of savings as an important residual factor responsible for variations in 

individual rates of adoption.   

On the other hand, since extension agents need working capital to buy and store products, 

we are also able to test for the presence of a liquidity constraint operating on the supply side 

of the innovation market.  This is a unique contribution of our study which is all the more 

valuable as liquidity constraints confronting providers and users of technical innovations are 

interdependent: savings difficulties of users are thus reduced at the cost of compounding those 

of providers, an especially relevant issue in poor areas where innovations are delivered by 

grassroots agents.  Another critical question on which light will be shed is whether such 

agents can run a profitable business after rural markets have been liberalised and public 

systems servicing small-scale agriculture dismantled.  We know that, except when carried out 

by agro-processing firms within the framework of contract farming (Grosh, 1994; Bellemare, 

2009), the private sector did not effectively replace the state, causing severe production 

disruptions and entailing harmful consequences for the rural poor (Chapman and Tripp, 

2003). Whether local extension agents operating within the framework of a market for 

innovations are economically viable is therefore a question of considerable importance and 

topicality.    

What we show is that, in a context where credit and insurance markets are absent or 

highly imperfect, liquidity constraints effectively limit both the scope of activities of 

extension agents and the adoption of new techniques by potential users. A special feature of 
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our data −the possibility to separate innovations requiring costly inputs and those that do not− 

is exploited to adduce particularly strong evidence in support of the existence of a liquidity 

constraint among potential users. Because we are able to measure, and therefore control for, 

the producers’ intrinsic dynamism and their willingness to acquire more specialised technical 

knowledge, we may rule out interpretations of the income effect in terms of informational and 

innovativeness advantages (rich households are higher adopters because they are better 

informed or more entrepreneurial).  Regarding the supply side of the innovation market, we 

do not only document the presence of a wealth constraint but also highlight the way in which 

the extension agents ration their supply of extension services.  Another important finding is 

that extension agents are doing relatively well because they combine extension work with 

productive activities to which they themselves apply technical innovations.   

The rest of the paper is structured as follows.  Section 2 describes the context of the study, 

placing emphasis on the role of the NGO intervention in activating the innovation market, and 

it provides basic information on our datasets, distinguishing between the supply and demand 

sides of this market.  Sections 3 and 4 are devoted to a discussion of the methodology used 

and the results obtained regarding the two central questions addressed.  Section 3 attempts to 

identify the determinants of innovation adoption behaviour, paying central attention to the 

role of the liquidity constraint, whereas Section 4 examines the influence of the same 

constraint on the supply side of the innovation market. The latter includes the consequences of 

savings difficulties not only on the volume and value of the activities of the grassroots 

extension agents, but also on the way the demand from potential customers is being rationed.  

Section 5 concludes. 

 

2. The survey area, the data, and the context of the study 

 

2.1 Participatory extension and data about the supply of technical support services  

   

Our study area covers the two districts of La Encañada and Hualgayoq, which both belong 

to the province of Cajamarca, itself located in the northern sierra of Peru.  Situated between 

3,200 and 4,000 meters, the populations of these districts are among the most elevated 

communities in the whole country, hence their extreme isolation: it takes between three and 

eight hours by bus for them to reach the city of Cajamarca, and there is only one bus service 

per week.  At these high altitudes, soils are poor and agricultural productivity is not only low 
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but also subject to strong variations due to the risk of natural plant burning.
3
  Furthermore, 

construction of irrigation channels turns out to be an arduous and costly enterprise.  Given the 

above characteristics of the physical environment, the dominant activity from which local 

inhabitants draw their livelihood is cow herding for milk and cheese production. 

In order to increase animal productivity through better health practices (vaccination 

campaigns), the central government of Peru has initiated a programme known as SENASA 

(Servicio Nacional de Sanidad Agraria) delivering subsidised veterinary services to local 

herders.  This ended in complete failure, apparently for reasons that include low presence of 

government extension officers on the ground and deep distrust among local inhabitants.
4
  It is 

about at the same time that a Peruvian NGO, Intermediate Technology Development Group 

−Soluciones Practicas (henceforth called SP), stepped in with the same idea of upgrading 

technical practices among milk herders of the highlands.  Drawing lessons from the failure of 

SENASA as well as from the weaknesses of its own first attempt at extension work (see 

infra), the management staff of SP decided to adopt a market-based participatory approach 

grounded in the following principles.  Run by teachers from both the NGO and the university 

of Cajamarca, a special training programme was set up to deliver intensive courses over a 

period of 26 days.  These courses, entirely subsidised by SP, must be attended by all future 

extension agents, called promotores, who have been elected by the local assembly of village 

communities which have expressed interest in the programme.  Besides satisfying a number 

of criteria decided by SP (minimum age, minimum education, probity, etc.), the trainees must 

commit themselves to returning to their native community in order to carry out their extension 

activities on a business basis.  

SP agreed to train a maximum of three promotores per community, with specialisation in 

veterinary services for the first one, in agricultural support services for the second one, and in 

agro-processing and marketing services for the third one.  Started in July 2002, the base 

training programme ended in September 2003.  Afterwards, training continued in the form of 

                                                 
3
 A slim layer of water is deposed on the plants at dawn which gets frozen during the night and causes 

intense sun reflection in daytime.  It is true that during the rainy season there are abundant surface 

flows of water discharged through numerous rivulets, and these come to form stagnant masses of 

water in the small plateau where villages are found.  However, owing to the non-permeability of the 

hard soils (known as paramos), water accumulated during the rainy season cannot be stored in aquifers 

for use during the dry season. 
4
 This seems to be a common situation.  As pointed out by Feder et al. (2001): “many observers 

document poor performance in the operation of extension and informal education systems, due to 

bureaucratic inefficiency, deficient program design, ‘top-down’ transmission of knowledge, and some 

generic weaknesses inherent in publicly operated, staff-intensive, information delivery systems” (p. 

45). 
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occasional one-day follow-up sessions that are organised upon request from the association of 

promotores, or a subgroup of them.  Participation in these events was optional.  The extension 

support programme of SP in the region stopped in June 2007. 

As per the record of SP, the total number of extension agents trained is 69 persons coming 

from 27 different communities and distributed between specialisations as follows: 30 

veterinaries (VET), 15 agricultural service providers (AGR), and 24 agro-processing and 

marketing service providers (APM).  A number of these agents (seven of them) have actually 

attended two courses.  In September 2007, the time at which we started our field survey, we 

found only 42 promotores still operating in the region.  Attrition (equal to 39%) is due to two 

major causes: migration to cities and employment in the giant mine of Yanacocha (close to La 

Encanada district).  Three out of the 42 promotores could not be actually interviewed, because 

they were never present at their house or on their lands (for two of them), or because of 

inveterate drunkenness (one case).  We are thus left with a group of 39 extension agents living 

in 19 different locations which do not necessarily correspond to the native communities where 

they have been elected for the purpose of becoming a promotor.  Moves to another 

community of residence occurred in the case of seven promotores, and always on the occasion 

of marriage (either the promotor went on residing in the community of his wife, or both 

spouses decided to change community in order to improve their access to land).  Both the 

attrition process and moves between communities have disturbed the intended balance 

between communities regarding the number and composition of promotores: there are 

communities with no resident agent, communities where some specialisations are not 

represented, or are over-represented. 

However, an essential yet unintended feature of the programme, as we uncovered in the 

course of the field survey, is that the services of promotores are typically not confined to their 

community of residence. This holds especially true for the veterinaries: while VET attend to 

between one and eight communities (mean value: 3.0), AGR go to maximum one community 

in addition to their community of residence, and APM do not operate outside the latter.  In the 

end, each of the 27 communities covered by the SP project is attended by at least one 

promotor and by at most five of them.  Out of 39 surveyed promotores, 32 are completely 

specialised and 7 have a double specialisation (VET+AGR or VET+APM).  Indeed, extension 

agents who have received basic training in one field may well have accumulated knowledge 

and acquired expertise in another field through attendance to another course or to follow-up 

training sessions.  In total, there are 23 VET, 12 AGR, and 11 APM.  
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While VET agents deal with all matters involving animal health, particularly vaccination 

campaigns, deliveries, and treatment of most common illnesses, AGR agents are mainly 

concerned with improving the quality of pasture lands, and APM agents look after the quality 

of milking operations and milk products.  In fact, APM agents are specialised in cheese 

production, and their main concern is to ensure the regular supply of raw product of the 

required quality −the fat content of the milk must be sufficiently high and the milk must be 

properly conserved.  

Information about the promotores is first-hand data collected in October-December 2007 

by one of the authors (Isabelle Bonjean).  The survey, which covers almost the whole 

population of these agents, highlights their personal characteristics and their business 

activities.  The former include age, education, field of specialisation, participation in follow-

up training sessions, composition of family (by gender and age), land and animal wealth.  As 

for business data, they report the volume and value of milk (and cheese) sales, the number of 

customers using the services of particular promotores, the price obtained for these services, 

the terms of the contracts (mode and timing of payment, interest rate on loans, etc.), the 

communities in which the promotores operate, the nature and history of relationships between 

them and the clients, and the sanctions applied in case of non-payment for services delivered. 

 

2.2 Data about the potential users of technical innovations  

 

In the 27 communities covered by the promotores programme, all residents have been 

informed about the SP initiative through their participation in local popular assemblies (the 

asembleas de ronda) which also elected the programme trainees.  In addition to the basic 

information thus acquired by rural dwellers of these communities, there was a possibility to 

acquire additional knowledge about technical innovations on offer.  Between 2002 and 2007, 

a series of information-cum-training meetings which local residents were free to attend were 

thus organised by SP.  According to the NGO’s record, 2,021 households have received basic 

information about the new extension programme, and have been registered as such.  From this 

population of informed producers, a random sample of 423 household heads has been drawn 

by the NGO staff so as to include a proportion of (about) one-fifth of the participants in each 

community.  Three of these households have to be dropped, however, either because of 

missing data (in the case of two households) or due to obvious error measurements (in case of 

one household).  The distributions of this sample population of 423 households according to 

economic specialisation in years 2002 and 2007 are depicted in Table 1.   
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INSERT TABLE 1 ABOUT HERE 

 

 

Key characteristics of these potential innovation adopters have been collected in year 

2007 by the NGO’s staff and local extension agents. This was five years after the beginning of 

the intervention of this NGO (in 2007). In addition to information about their current 

situation, the sample households were required, through the recall method, to provide answers 

about their pre-intervention situation (in 2002). Information requested concerned the 

following aspects: composition of the household (number of men and women), number of 

cows, areas of natural and improved pastures, average production per cow (in the dry and the 

humid seasons), type of irrigation system used, quantities and prices for milk and cheese sold, 

income from ancillary activities, number and type of technical innovations adopted.  

Since the income from ancillary activities is rather exceptional and in any event quite low, 

the total household income essentially consists of the sale value of milk and cheese products. 

No imputation is made for self-consumption.  Data refer to average monthly incomes during 

the rainy and the dry seasons which are of roughly the same duration.  A simple arithmetic 

mean between these two data has been computed to arrive at a proper measure of the average 

monthly income estimated over the whole year.   

One may wonder how people can reliably remember details about prices and quantities 

achieved five years back, and whether households may not have interpreted the baseline year 

differently. These risks are nevertheless mitigated. On the one hand, households have 

essentially one productive activity, use precise devices (such as aluminium containers for 

fresh milk) to measure production, and typically note down quantities sold and prices 

received. On the other hand, the initial year for which information was elicited is a salient 

point common to all households since it corresponds to the time just preceding the 

intervention of the NGO. 

Production of fresh milk for sale is typically more profitable than production of (low 

quality) cheese.  There are two reasons for this.  First, fresh milk carries a higher price, per 

raw litre produced, thanks to the existence of long-term contracts signed with purchasing 

companies (Nestlé and Gloria).
5
 Second, milk prices are more stable than cheese prices which 

                                                 
5
 A minimum price is guaranteed by these companies against the promise to deliver at least 15 litres 

per day.  After evaluation, a company may decide to raise the producer price if it is satisfied with the 

quality (fat content) of the milk supplied.  Note that neither company offers extension services to its 

suppliers. 
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vary according to spot demand in local markets.  If a number of producers specialize in cheese 

production, it is either because the community to which they belong is not serviced by one of 

two companies, or because they do not achieve the minimum production for sale (15 litres per 

day) required by them. 

 

3. Innovation adoption behaviour  

 

3.1 The intensity and pattern of innovation adoption: descriptive statistics 

 

Eleven innovations have been actively propagated by the promotores.  They are listed 

here in an order whose meaning will soon become clear: (1) hygienic measures to be applied 

during milking operations; (2) double cow milking per day (instead of one); (3) multiple 

ploughing; (4) use of organic fertilisers; (5) use of lime to reduce acidity of the land; (6) 

improved seeds for pasture cultivation; (7) vaccination of cows according to a fixed calendar; 

(8) special fodder mixes; (9) vitamin complex; (10) supplementary nutriments (in the form of 

flasks); (11) precocious weaning (to put the new-born calves on an improved diet).  

Since we have no precise way to estimate the relative profitability of each of the 

innovations available, no specific weights can be attached to them and we must rely on a 

simple counting of the innovations adopted by the sample households to measure the intensity 

of adoption.  To the extent that all innovations can be adopted independently, the summing up 

operation appears legitimate.  There emerges a systematic pattern of innovation adoption 

among rural producers of Cajamarca province.  To see this, we have constructed a double-

entry table (Table 2) in which each type of innovation as adopted in 2007 is related to the 

number of innovations adopted by each household.  Innovation types are shown in the 

columns while frequencies are displayed in the rows.  From cells (6,1) and (5,1), for example, 

we read that 79 households using innovation (1) in 2007 have adopted a total of 6 innovations, 

while 58 of them have adopted 5 innovations.  

Table 2 contains several interesting pieces of information.  First, we see that only 5 out 

of 423 households (1.18%) had not adopted any innovation at all in 2007 (as compared with a 

proportion of more than 60% in 2002).  At the other end of the spectrum, only 4 households 

had adopted all the available innovations in 2007.  The modal value of the number of 

innovations adopted is 6.  Second, as indicated in the penultimate row, the most frequently 

adopted innovations are, by decreasing order of importance, innovations (3), (1), and (4).  In 

particular, the twenty households which have adopted ten innovations out of eleven have all 
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chosen innovations (1), (3), (4), (5), and (6) while their adoption behaviour differs regarding 

the other innovations.  Third, in the last row we have ranked the innovations by decreasing 

order of priority in adoption.  To obtain their rank, we have looked at the most frequently 

adopted innovation when a household adopts successively one, two, three, and up to eleven 

innovations in total, taking into account all the innovations most frequently adopted in the 

previous rounds.  Note carefully that we have numbered the innovations so as to reflect their 

ranking according to this last criterion.  By construction, therefore, any figure located on the 

descending diagonal is greater than all the numbers that appear on its right and belong to the 

corresponding row. Roughly speaking (since we do not have precise data about costs of 

innovations), it is striking that innovations with higher adoption ranks are also those requiring 

cheaper inputs, which is a first clue pointing to the presence of a wealth constraint.  

 

INSERT TABLE 2 ABOUT HERE 

 

INSERT TABLE 3 ABOUT HERE 

 

Overall, 2,427 innovations have been adopted, representing almost 6 innovations per 

household on an average, compared to less than one in 2002 (0.7).  The rate of use of 

innovation potential (the aggregate number of innovations adopted by all sample households 

divided by the maximum number of adoptable innovations, that is, 11x423) was 52 percent in 

2007, as against 6.3 percent in 2002.  These summary statistics are presented in Table 3. 

 

3.2 Econometric method  

 

As we have previously pointed out, there are many reasons why new technology may fail 

to diffuse in rural areas of developing countries, and it is often difficult to disentangle their 

effects empirically.  In this study, however, we naturally control for several important 

potential determinants of non-adoption of new technology.  In particular, the sample 

households have all received basic information about the available innovations, the inputs 

involved are well distributed, and the way to use them well communicated by the promotores.  

Given imperfect credit (and insurance) markets, the liquidity constraint therefore suggests 

itself as a critical remaining determinant of differential rates of adoption. Note carefully, 

however, that insofar as the inputs associated with the new technologies must be paid upfront 

while the returns are uncertain, it is impossible to make out whether the wealth effect arises 
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from credit imperfections or from absent insurance.  The liquidity constraint bites if, in the 

absence of credit, the potential adopter does not have funds prior to the realization of the gains 

from using the modern inputs associated with a new technology. But risk aversion is the 

problem if, in the absence of insurance, he is unwilling to borrow, or to use his own funds, to 

purchase the inputs required for the uncertain investment that a new technology represents 

(Foster and Rosenzweig, 2010).   

In the following, we discuss the various measurement and estimation problems that stem 

from both the nature of our data and the context of the study. 

To begin with, we measure the liquidity available to a household by its monetary income. 

Computed as the gross proceeds from the sale of milk and cheese on a per capita (and per 

annum) basis, this income is considered as a good proxy for the household savings that may 

be potentially used as working capital for the purpose of adopting innovations.  Two distinct 

problems need to be addressed here. First, there is an obvious endogeneity between 

innovation adoption and income. To overcome it, we use an historical measure of income, i.e. 

the (gross) income of the household in 2002, as a proxy that is directly entered into the 

regression equation. A missing variable problem nevertheless remains and is the second 

challenge that we need to face. It can, indeed, be argued that there exists some unobserved 

heterogeneity in the form of individual characteristics of the agents that both determine their 

income, including past income, and their current innovation adoption behaviour. The effect of 

liquidity may thus be confounded with the influence of personal attributes such as willingness 

to innovate and skill level, which are plausibly correlated with income. 

To minimize the risk of biased estimates caused by omitted variables, we follow a three-

pronged strategy. The first plank of this strategy relies on three indicators of the 

innovativeness, skills, and entrepreneurial predisposition of the household heads that we are 

able to measure in our sample. These are: the number of innovations used in 2002, the 

average productivity of the cowherd in the same year, and the household’s willingness to 

acquire additional information about the innovations on offer. Let us discuss each of these 

control variables in turn.  

Regarding the first of them, the absence of correlation between initial innovation adoption  

and wealth or income measures needs to be emphasized: for example, the average monetary 

income per head of adopter households (701 soles) was quite similar to that of non-adopter 
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households (685 soles) in 2002, the initial year.
6
 This apparently puzzling observation is not 

surprising since it is actually the result of a particular feature of our data. As a matter of fact, 

most innovations used in 2002 were cheap.  Careful examination of data thus reveals that 83% 

of innovation adopters in 2002 had adopted less than three innovations and the two most 

frequently adopted innovations −double cow milking and multiple ploughing− have the 

special characteristics of being relatively time-consuming and toilsome, yet do not necessitate 

the purchase of modern inputs.
7
  As a consequence, adoption of innovations in the initial year 

should not be subject to the liquidity constraint, which removes the suspicion that it might be 

endogenous to initial household monetary income. Interestingly, while there is no correlation 

between initial wealth and innovation behaviour in 2002 (the correlation coefficient is equal 

to 0.04), the correlation between initial wealth and the number of innovations adopted in 2007 

is significant with a coefficient of 0.27. This change is to be related to the fact that costly 

innovations have been adopted in significant numbers during the period 2002-2007.  

Our second control variable, average cow productivity, is measured by the number of 

litres produced per cow per day, on an average for the whole year. Like the first variable, it is 

not well correlated with income and asset variables, and can therefore be treated as a measure 

of innovativeness that is largely independent of the household’s wealth status: for the year 

2002, the correlation of average cow productivity with monetary income is 16%, with 

cowherd 18%, with grazing area 2%, and with improved pasture area close to 0%.
8
 Average 

cow productivity plausibly depends on the quality of grazing lands which varies from 

community to community (owing, in particular, to variations in altitude).  In order to be able 

to interpret average cow productivity as a measure of skill or innovativeness of the household 

head, it will therefore be important to estimate our innovation adoption model with 

community fixed effects. 

The third control variable is the rate of attendance of the household head to special 

information and training sessions organized by SP during the years 2002-2007 (see supra).  

We use a count variable, which takes on values between zero and five, since a maximum 

number of five special sessions have been accessible in the surveyed region.  Note that as 

many as 69 percent of the sample households (292 out of 423) have chosen not to attend any 

                                                 
6
 The same conclusion obtains if we compare the number of innovations adopted in 2002 with the 

following asset measures: grazing land area owned in 2002 by the household, the number of cows per 

head owned, and the type of irrigation used in the household farm. 
7
 Note that these two innovations are, respectively, the second- and third-most quickly adopted 

innovations when the whole period is considered (they are numbered (2) and (3) in Table 2). 
8
 It is therefore difficult to argue that households which enjoyed comparatively high cow productivity 

in the initial year benefited from scale economies.   
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of these special sessions. It is again striking that this variable is not well correlated with initial 

income: the correlation coefficient is equal to 0.11. It can nevertheless be argued that 

innovation adoption and the decision to attend training sessions are simultaneously 

determined. Or, the training decision is an outcome rather than a causal variable: herders first 

decide whether to innovate and, conditional on that decision, whether to attend training 

sessions. Although evidence provided at the end of this section does not support it such 

alternative scenarios - there are people who attend training events and do not later adopt 

innovations- we will check whether the effect of liquidity is modified when the training 

variable is removed from the regression equation. This naturally takes us to the next 

component of our estimation strategy. 

Through the second approach, we want to verify that there is no omitted variable that 

explains at once the effects of all relevant variables, including the key variable of interest 

(wealth or income, our proxy for liquidity). Indeed, if wealth or income is obviously 

correlated with observables of the determinants of innovation adoption, it is plausible that it is 

also correlated with unobserved determinants. We will use a stepwise procedure starting from 

a simple regression of wealth on change in innovations adopted (controlling for the number of 

innovations adopted in 2002), and then adding controls successively. The variables measuring 

the household’s predisposition to innovate are entered first, followed by other household-level 

determinants and location-specific variables. We hope to show that the coefficient of the 

wealth variable is stable across these different specifications so as to reinforce our case for 

causality from wealth to innovation adoption.  

The third and last plank of our estimation strategy consists of exploiting the exogenous 

difference between costly and costless innovations. In conformity with the above-noted 

absence of correlation between initial income/wealth and initial number of innovations 

adopted, we expect income to constrain innovation adoption only if innovations are costly, 

that is, only if they require the purchase of modern inputs. If this differentiated prediction 

could be borne out by the data, it would be difficult to believe that the effect of the liquidity 

constraint is spurious. Indeed, if the omitted variable problem exists, the way it affects the 

relationship between innovation adoption behaviour and initial income should not vary with 

the monetary cost of innovations. 

The dependent variable that we use is the number of additional innovations adopted by the 

household during the period 2002-2007, controlling for the number of innovations used in the 

initial period. The former variable is denoted by Δinnovationsij, and the latter by innov_02ij, 

where i is the index of the household, and j the index of the community to which it belongs. In 
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our basic model, Δinnovationsij therefore appears on the LHS whereas innov_02ij and 

income_head_02ij, the initial monetary income of the household measured on a per capita 

basis, appear on the RHS.
9
 Moreover, we will test for a form that is quadratic in initial income 

because a concavity in the relation is strongly suggested by a semi-parametric fit (using 

Yatchew, 1958) of the relationship between innovation adoption and initial income (see 

Figure 1). 

 

     INSERT FIGURE 1 ABOUT HERE 

    

Since the dependent variable of our model is a count variable, the innovation adoption 

equation is best estimated using a Poisson or a Negative Binomial Regression (NBR). As a 

robustness check, we have also estimated a simple OLS model the results of which are 

reported in the Appendix. Although somewhat less sharp, the OLS results essentially confirm 

the results obtained with the NBR. The NBR model to be estimated is: 

 

                                               

  

The list of our independent variables includes three matrices, Z
innov

, X, and G, and the 

error term, εij, is specific to the household. Standard errors are clustered at the community 

level. The first matrix, Z
innov

, consists of the aforementioned variables measuring the 

household’s innovative or entrepreneurial spirit and initial skill level: innov_02ij, 

cow_productivity_02ij, another continuous variable, and training, a qualitative variable.  

The matrix X comprises other household-level controls, more precisely physical assets 

privately owned by the household in the initial year: the grazing land area (labelled 

grazing_area_02) and the size of its cowherd measured on a per capita basis (cowherd_02). 

Since all innovations on offer are divisible, we do not expect that scale economies are present. 

On the other hand, if local land markets are quite inactive, the same is not true of the market 

for cows, and we may suspect that the number of animals owned by a household also 

measures its ability to obtain liquidity in case the need arises (hence our definition of this 

                                                 
9
 We use the income per head instead of the aggregate income of the household because we believe 

that it is a better proxy of the liquidity constraint. If a household has a higher income than another, but 

has more dependents to cater to, it may actually be more liquidity-constrained. We may alternatively 

use both household income and household size as right-hand side variables, yet this does not 

essentially modify our results. 
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asset variable on a capita basis). Its impact on innovation adoption is therefore predicted to be 

positive, especially when used as an alternative to monetary income. 

In X, we also include binary variables representing the type of irrigation system to which 

the household had access in the initial year. Since four irrigation systems are observed in our 

study area −natural irrigation, water conveyed by a central canal, access to a secondary 

channel infrastructure, and irrigation through sprinkling−, three dummy variables are used as 

regressors (denoted by irrigation_1, irrigation_2, and irrigation_3).   

It must be noted at this stage that the interpretation of the coefficient of the liquidity 

variable is apparently difficult owing to the absence of any information about the educational 

level of the household head in our dataset. As a matter of fact, wealth or income may be 

significantly correlated with education, so that a positive income effect may represent a 

relationship between education and adoption (Foster and Rosenzweig, 2010).  As will be 

explained later, however, our data about technical innovations provide us with an indirect test 

of the possible role of education. Another problem that may potentially plague our 

interpretation of initial income as a proxy measure of the liquidity or saving available to the 

household arises from the possible presence of land-related technical constraints that bear 

upon the profitability of innovations.  This problem will be addressed when we discuss our 

results.   

Unfortunately, we do not have information about personal characteristics of the household 

head such as age and education. We do not however believe that the latter, in particular, is a 

critical determinant of innovation adoption. This is because education levels are typically low 

and homogeneous in the study area. In fact, only the promotores have reached the secondary 

school and beyond. 

Finally, the matrix G stands for location-specific variables. Toward that purpose, we use a 

binary variable that indicates the presence or absence of Nestlé multinational in the 

community to which the household belongs.
10

  This milk purchasing company directly 

operates in a number of the surveyed communities (in 8 out of 27 of them) and, since such a 

presence has the expected effect of reducing transaction costs, it is presumed to stimulate 

innovation adoption.  Revealingly, the average milk purchase price obtained by local 

producers is higher in communities serviced by the Nestlé company than in the other 

communities, yet the difference is particularly noticeable during the rainy season. In point of 

                                                 
10

   In fact, there is a smaller company, called Gloria, which also operates in the area. However, since 

all the villages in which it operates are also serviced by Nestlé, we will ignore it when we speak about 

the impact of a milk-purchasing company. We just have to bear in mind that our dummy is equal to 

one when either Nestlé or Gloria is present in the community (instead of Nestlé alone).  
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fact, prices are much more stable across seasons in the former than in the latter 

communities.
11

 In an alternative specification of the NBR, we drop the dummy Nestlé (equal 

to one if the community to which the household belongs is serviced by the company) and 

introduce fixed effects to control for the influence of community-specific characteristics. The 

latter model has the advantage of avoiding the problem of the possible endogeneity of Nestlé 

(the company has chosen its areas of operation on the basis of the local residents’ personal 

attributes)
12

 and, moreover, it allows to control for all characteristics of the promotores’ 

activities that possibly vary from community to community (number of operating promotores, 

intensity of their activities, etc.).  

In conformity with the above-explained estimation strategy, we present different sets of 

results depending upon whether we introduce all the independent variables at once or using a 

stepwise procedure, and depending upon whether and how we exploit the difference between 

costly and cheap innovations. As already pointed out, we have chosen to display and fully 

discuss the estimates obtained by using the NBR model only. Moreover, we focus attention on 

the regression estimates with community fixed effects although we also comment on 

regressions that feature the Nestlé variable.  

The descriptive statistics for the above variables as well as all other variables used in this 

study are reported in Appendix 1.  

 

                                                 
11

  The average milk prices (in soles per litre of milk) are given in the table below from which it is 

apparent that prices in communities serviced by Nestlé are not only higher but also much more stable 

across the two seasons. 

 

 Nestlé absent Nestlé present 

 Dry season Rainy season Dry season Rainy season 

2002 0.322 0.277 0.358 0.357 

2007 0.423 0.369 0.486 0.477 

 
12

 Endogeneity is quite unlikely, though, since it assumes that company managers have a good 

knowledge of the personal qualities of rural producers in different locations.  Moreover, it is 

noteworthy that its areas of operation have not changed during the period under review and that they 

had been initially chosen because of their comparatively easy accessibility. 
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3.3 First set of results 

 

In Table 4, we present the results of our estimation of the innovation adoption equation in 

a stepwise manner. Column (1) reports the estimates obtained when only the initial income 

(and its square value) and the initial number of innovations adopted are entered as regressors. 

Then, in the following columns we have successively added the two remaining components of 

Z
innov

, −the measure of training and initial cow productivity−, the variables representing the 

irrigation system, the pasture land area, and the Nestlé dummy. The variable cowherd is 

omitted for reasons explained below.   

 

INSERT TABLE 4 ABOUT HERE 

 

The central result is the strong and robust presence of a liquidity constraint. When we run 

the stepwise regression model, it selects the initial income (and its square term) and the initial 

stock of innovations as the only independent variables. The coefficients of the two income 

terms are strongly significant statistically (at the 99 percent confidence level), and their signs 

confirm the concave shape of the innovation adoption function. When we add successively 

training, cow_productivity_2002, grazing_area_02, the irrigation dummies, and Nestlé, this 

relationship continues to hold despite the fact that training, cow_productivity_02, and Nestlé 

are all significant at 99% level.  

As expected, the size of the (positive) coefficient of income_head_02 diminishes between 

the first and last regressions, yet the fall (by about one-fourth of its initial value) is almost 

entirely due to the introduction of initial cow productivity as a control. A plausible 

explanation is that this variable captures community fixed effects in the form of variations in 

the quality of pasture land between villages. This interpretation seems to be confirmed when 

we re-estimate the complete model with community fixed effects and without Nestlé. It then 

appears that the coefficient of cow_productivity_02 is no more significant, suggesting a strong 

redundancy of fixed effects (see column (6)). It is still justified to keep that variable in the 

regression because it potentially capture within-community variations of land quality as well 

as variations in household dynamism.
13

 It is noteworthy that in the regression with community 

fixed effects the square income term is no more significant. 

                                                 
13

 Revealingly, when cow_productivity_02 is dropped from the regression with fixed effects, the 

coefficient of income_02 increases significantly. 
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On the contrary, the cowherd_02 variable has been dropped because it does not add any 

explanatory power to the innovation adoption equation. Its coefficient is not significant and its 

presence does not modify the other effects, including that of initial income, whether we look 

at the significance or the size of the corresponding coefficients. This is not surprising since 

the correlation between cowherd_02 and income_head_02 is quite high (equal to 0.593).  

As has been stressed earlier, it is impossible to disentangle the effects of credit constraints 

and absent insurance.  The data available do not allow us to determine whether the liquidity 

constraint arises from credit imperfections or from greater risk aversion and smaller 

protection from risk among poorer producers. From Section 4, we will learn that the usual 

practice is for innovation suppliers to grant credit to adopters, yet default is not infrequent so 

that suppliers have learned to screen their customers.  There are therefore two possible stories 

behind our central result.  On the one hand, poor households may be reluctant to accept credit 

with a view to adopting innovations associated with modern inputs because they have doubts 

about their ability to repay the loans due to uncertainty of returns or other reasons.  On the 

other hand, innovation suppliers may refuse to grant loans to poor households because they 

think reimbursement is too uncertain.   

Regarding the remaining effects, the coefficients that are significantly different from zero 

have the expected sign. Thus, the initial number of innovations influences adoption negatively 

and significantly (99% confidence level).  Even though it reflects the household’s willingness 

to innovate, a larger initial stock of innovations leads to a smaller absolute increase in the 

subsequent period: this is the mechanical consequence of the existence of a ceiling on the total 

number of adoptable innovations.  Second, the frequency of attendance to special information 

and training sessions is positively related to innovation adoption. The fact that the addition of 

training does not affect the relationship between Δinnovationsij and income_head_02 is good 

news since, as pointed out earlier, training can be suspected of reverse causality. Third, 

communities directly serviced by Nestlé, which tend to benefit from higher milk purchase 

prices (see above), appear to have adopted more additional innovations than other 

communities during the years 2002-2007.   

 

3.4  Second set of results 

 

We now consider the results obtained when the third approach to testing the effect of a 

liquidity constraint is followed. Because we possess rather detailed information about the 

available technical innovations and their varying characteristics in terms of working capital 
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requirements, we can re-estimate the innovation adoption equation by isolating innovations 

that require labour efforts and know-how, but no modern inputs, for effective use. Another 

advantage in separating innovations that incorporate costly inputs from the others is the 

following.   If education, an omitted variable plausibly correlated with wealth or income, 

influences technology adoption positively, we expect the income-adoption relationship to hold 

for both categories of innovations unless we believe that costly innovations are necessarily 

more sophisticated or skill-intensive (a possibility that we will put under scrutiny).   

The techniques that fit the above definition of cheap innovations happen to be the first five 

innovations listed in Table 2: hygienic measures in milking operations, double cow milking, 

multiple ploughing, application of organic fertilizers, and the use of lime to improve 

productivity of grazing fields.  Costly innovations correspond to the other six innovations, 

numbered (6) to (11).  We label these two categories of innovations Δcheap_innovations (the 

number of additional innovations of the cheap kind adopted by the household during the 

2002-2007 period), and Δcostly_innovations (the number of additional costly innovations 

adopted). Our sample data show that 94 out of 423 households (22 percent) have not adopted 

any costly innovation during the period under concern. 

In the first two columns of Table 5, we report the separate estimates for the full model 

when innovations are partitioned in the above way and the complete sample is used. (For the 

sake of brevity, we show only the results for the regressions with community fixed effects, yet 

the results obtained with the alternative specification featuring the Nestlé dummy are quite 

similar). The estimated coefficients of income_head_02 are strikingly different once we 

distinguish between the two types of innovations: while for costly innovations the value of the 

coefficient is about 0.20 and is significant (at 95 percent level), it is equal to only 0.02 for 

cheap innovations, which is not statistically different from zero. Note that the results obtained 

for each regression are confirmed at every step of the stepwise estimation procedure (results 

not shown). As for the coefficient of the square income term, it is negative (-0.013) and 

significant for costly innovations while it is very low and insignificant for cheap innovations.  

 

INSERT TABLE 5 ABOUT HERE 

 

In addition to initial monetary income, the initial number of innovations adopted and 

participation in training sessions remain strong determinants of the adoption of additional 

costly innovations. It bears emphasis that the coefficient of training is four times as large for 

costly innovations (about 0.20) than for costless innovations (0.05), yet in the latter case the 
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effect remains also strongly significant. Moreover, the grazing area owned by the household is 

a strongly significant factor influencing the adoption of costly innovations, and its influence is 

negative. Upon closer look, it appears that the effect is largely attributable to a single 

innovation, i.e. improved seeds for grazing fields.
14

 This is the only costly innovation which is 

actually applied to the grazing land rather than to the animals. The implication seems to be 

that, by increasing land productivity through the use of improved seeds, households endowed 

with smaller land endowments substitute quality for quantity. 

Finally, the (positive) coefficient of cowherd_02 is not significant. However, when we 

drop the initial income variables from the regression for costly innovations, we find that the 

coefficient of cowherd_02 becomes statistically significant, again without modifying the 

effects of the other independent variables (results not shown). This seems to indicate that 

cowherd_02 is an alternative measure of household liquidity, yet less precise than initial 

monetary income.
15

  

The need to differentiate between costly and cheap innovations when assessing the impact 

of liquidity emerges clearly from Figure 2, which displays the results of two separate semi-

parametric fits of the relationship between innovation adoption and initial (per capita) income. 

While the relation is unambiguously positive for costly innovations and actually replicates the 

relation obtained when all innovations are aggregated, the relation appears to be absent for 

cheap innovations. 

INSERT FIGURE 2 ABOUT HERE 

 

We must now reckon that it is not entirely satisfactory to estimate the determinants of the 

adoption of cheap innovations on the basis of the complete sample. This is because of the 

presence of households which have adopted both costly and cheap innovations. Another test 

of the presence of a liquidity constraint therefore consists, for cheap innovations, to restrict 

our attention to households which have adopted a varying number of cheap innovations to the 

exclusion of any costly innovation. As indicated above, there are 94 such households. When 

we re-estimate the cheap innovation adoption equation based on this restricted sample (see 

column (3)), we find again that, as expected, no income effect is at work (the z-value for the 

income_head_02 coefficient is as low as 0.18). In addition, the stepwise procedure for cheap 

                                                 
14

 Indeed, when we remove that innovation from the list of costly innovations and we re-run the 

regression, the coefficient of grazing_area comes close to losing its statistical significance. 
15

 When all innovations are aggregated, and we similarly drop the initial income variables from the 

regression, the coefficient of cowherd_02 does not become significant, but it is positive whereas it was 

negative in the presence of the income variables. 
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innovations reveals that the income effect is never statistically significant even when only the 

initial income variables and the initial number of innovations are used as explanatory 

variables.  

Lastly, it must be noted that the coefficient of training remains significant when the 

sample size is reduced from 423 to 94 households. The persistence of the training effect in 

columns (1) to (3) means that specific skills need to be acquired for the effective use of both 

costly and cheap innovations. As pointed out above, however, the role of such skills is more 

important for the former than for the latter innovations. 

The differentiation between cheap and costly innovations can be exploited in still other 

ways to further test the robustness of our results. We can thus estimate a model in which the 

dependent variable is a dummy equal to one if the household has adopted four or five cheap 

innovations to the exclusion of any costly innovation, and to zero if it has adopted less than 

four cheap innovations. The sample used in this instance is restricted to 89 households.  When 

this is done with the complete set of explanatory variables, either by using a logit model 

without community fixed effects but including Nestlé or with a simple linear probability 

model with these fixed effects, the result is neat: there is no income effect but the coefficients 

of innov_02 and training are strongly significant (see columns (1) and (2) in Table 6). 

Conversely, we can estimate another model in which the dependent variable is a dummy equal 

to one if the household has adopted at least one costly innovation and to zero otherwise. Here, 

we retain the full sample. Results shown in columns (3) and (4) of the same table reveal that 

the effect of initial income is then strongly significant, whether we use the logit or the OLS 

models. 

 

INSERT TABLE 6 HERE 

 

As an additional robustness check, we carry out the following exercise. Our benchmark 

comes from contrasted estimates for six costly and five cheap innovations (see columns (1) 

and (2) in Table 5). We then gradually broaden the category of costly innovations by adding, 

one by one, innovations subtracted from the cheap category. Cheap innovations are 

successively taken out of their original category by descending order of their presumed cost. 

More precisely, to the category of costly innovations we first add the application of lime (to 

reduce the acidity of grazing land), then the application of organic fertilizers, and lastly 

multiple ploughing. Table 7 compares the values of the coefficient of income_head_02 

resulting from this stepwise estimation procedure, using the NBR model (first row) and the 
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OLS model (second row), both with community fixed effects. As expected, the value of this 

coefficient decreases monotonically as additional innovations of the cheap type are added to 

those of the costly type. On the other hand, the same coefficient estimated for the increasingly 

narrow category of cheap innovations always remains statistically non-significant. 

 

INSERT TABLE 7 HERE 

 

The non-significance of the initial income variable for cheap innovations, whichever 

way we define this category, suggests that the influence of income for costly innovations may 

not be reasonably traced to education. Could it be said, however, that cheap innovations 

correspond to rather simple techniques so that the role of education in facilitating the 

decoding of new information for their effective use is necessarily limited?  The fact of the 

matter is that the relationship between the cost of innovations and their educational 

requirements is not straightforward. Thus, the most frequently adopted innovation, innovation 

(1) which consists of hygienic measures applied during milking operations, is clearly care-

intensive, and the same is true of innovations (4) and (5), the application of organic fertilisers 

and lime, respectively, which also happen not to be among the costly innovations. It is true 

that certain innovations, most of them costly, require specific knowledge in addition to 

general education, yet the training variable takes that effect of acquired knowledge into 

account.   

Another interpretation problem that deserves to be mentioned arises from the fact that a 

category of producers present the double characteristics of being comparatively poor and 

more strongly exposed to income variability. These are the producers of low quality cheese. 

We cannot therefore exclude the possibility of a confounding effect in the sense that that the 

impact of low incomes on innovation adoption could be attributable to risk rather than a pure 

liquidity problem. A simple way of testing this alternative explanation consists of adding as a 

regressor a binary variable which is equal to one when the household is a low quality cheese 

producer (it does not produce any fresh milk or high quality cheese, whether in the initial or in 

the terminal year), and to zero otherwise. We also add an interaction term between this 

dummy and initial (per capita) income. We find that the coefficients of these two variables are 

far from being significant whereas all our other results, in particular the positive impact of 

initial (per capita) income on innovation adoption, stand unchanged (results not shown).  Our 

interpretation in terms of a liquidity or savings constraint therefore seems warranted. 
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The last exercise that we want to carry out obeys the need to better understand the way in 

which the training variable exerts its impact on innovation adoption. As a matter of fact, since 

we know that the liquidity constraint is present only for costly innovations, we expect that for 

this category of innovations the effect of training manifests itself only if the liquidity problem 

is surmounted. If it is not, participation in training activities cannot result in the adoption of 

costly innovations. We can test for this hypothesis in the following way. We estimate a 

censored Poisson model (since the liquidity constraint is operating) to explain adoption of 

costly innovations, and we include an interaction term between the initial income and training 

variables in the list of regressors. The predicted outcome is that the interaction effect is 

statistically significant (and positive) and causes the direct effect of training to vanish. The 

results, presented in Table 8, fully confirm the prediction. Incidentally, they provide evidence 

that the decision of participation in training sessions does not necessarily follow the adoption 

decision: people may have attended training events and find themselves later unable to adopt 

innovations due to the liquidity constraint. Note carefully that the effect of initial income 

remains strongly significant (the square term has been dropped because the relationship 

between initial income and adoption of costly innovations is close to linear, as shown in 

Figure 2). The conclusion is, therefore, that liquidity has a significant impact, and 

participation in training sessions encourages adoption of costly innovations provided that 

liquidity is not constraining. A look at the Odds Incidence Ratios reveals that the effect of 

initial income is quite important, especially when associated with participation in training 

sessions: if initial income per head is increased by 1,000 soles, the number of additional costly 

innovations adopted increases by 51 percent, but each training session adds a further increase 

of 166 percent (per unit of 1,000 soles) to that effect. 

 

INSERT TABLE 8 HERE 

 

 

4. The supply of extension services and the wealth constraint 

 

4.1.Creation of a market for extension services and credit transactions  

 

The “promotores” programme launched by SP in La Encanada and Hualgayoq districts 

was actually the outcome of a rethink of a previous scheme known as the “kamayoq” 

programme.  Under the latter scheme, extension agents, duly elected by their village 
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community, were supposed to “return” or transfer the benefit of SP-sponsored training to their 

community by providing free services to willing local users.  Revealingly, in less than 25% of 

the cases did the kamayoq ask for a payment exceeding the cost of the products supplied as 

part of their extension services (Demont, 2009).  The approach, however, yielded 

disappointing results reflected in low activity rates and considerable attrition of kamayoq.  

Hence the shift to the new programme based on the idea that grassroots operators should 

activate a genuine market for extension services by charging prices that allow their business 

to be profitable and sustainable.   

From Table 9, it is apparent that in 2007 the (gross) income earned from extension 

activities by promotores represented, on an average, one-fourth of their total (gross) income.    

Since income from extension services is considerably underestimated for the APM category 

of promotores (see infra), we have also calculated the average income (and its share in total 

income) after removing APM promotores: the share of extension incomes then increases from 

25.4 to 34.4 percent.  On the other hand, we compare the monetary incomes obtained by 

extension agents from their domestic activities only with those of innovation adopters who do 

not perform extension activities.  For the year 2007, the ratio of the latter to the former 

incomes is 0.68 if all agents are taken into consideration, and 0.85 if the APM are dropped.  In 

year 2002, the same ratio worked out to 1.28 and 1.40, respectively.   This significant reversal 

is not surprising since it suggests that the extension agents themselves have been quite active, 

and actually doing quite well, in adopting new innovations.  

 

INSERT TABLE 9 HERE 

 

Incidentally, the above evidence provides a rich insight into the issue of the viability of 

privately-supplied extension services in poor and remote areas, in particular.  It is because 

they can rely on complementary incomes obtained from productive activities linked up with 

their extension work that the extension agents can operate on a sustainable basis: their 

incomes from extension work in 2007 (209 soles if we leave out the APM) are significantly 

lower than the incomes obtained by households who are not involved in extension work (337 

soles).  In other words, if they had to limit their activities to extension, promotores would 

choose to become pure cattle herders, and this would be all the more likely as extension 

activities are vulnerable to the risk of default. Once this risk is taken into account, indeed, 

extension workers derive two benefits from their ability to earn incomes from production 

activities: besides augmenting their incomes from extension, incomes from production 
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provide insurance against the default risk arising from the granting of credit to purchasers of 

extension services. Agro-processing firms themselves get involved into agricultural extension  

because they can combine it with other profitable activities.  In the case of promotores, 

experimenting with new techniques and on-the-ground practices on their own farm has the 

additional advantage of generating positive externalities for their work as extension agents.  

As we know from Section 2, providers of veterinary services (VET) constitute the 

majority of the promotores.  During the month preceding our field survey (toward the end of 

year 2007), they had an average of 24 customers (with a minimum of 1 and a maximum of 

120), residing in three different communities. Most of them (21 out of 23) typically include a 

profit margin when setting the price for their services
16

 yet, with one exception, they all 

supply free services occasionally.
17

  

An important characteristic of the VET extension business is that, for 80% of their 

transactions, services are sold on credit.
18

  The term set for the settlement of the service price 

is 15 days in 40% of the cases and one month in the remaining 60%.  Two VET only refuse 

adamantly to extend the term whereas it is common practice among others to double the time 

initially granted for loan repayment. Moreover, only a small minority of the VET (8%) charge 

an interest on the loans given to their clients.  Even allowing for grace periods, loan 

delinquency has occurred in 16% of the deals struck during the month preceding the date of 

our survey.   

Uncertain (re)payment is the motive behind rationing practices on the part of service 

suppliers: 37% of the VET said that they control the risk of default by limiting the scope of 

their activities while 61% of them stressed their willingness to only cater to a fixed set of 

carefully selected customers (these two answers obviously overlap). When default 

nevertheless occurs, a VET always starts by going to the customer in order to exert pressure 

and issue warnings.  In the next step, he appeals to the local asemblea de ronda, or to the 

                                                 
16

 The two of them who do not have a very low activity rate (not more than five services per month) 

and restrict their services to close relatives or acquaintances. 
17

 The main reasons adduced to justify strict cost pricing of extension services are, by decreasing order 

of importance: the short time spent in supplying the service (in 50% of the cases), poverty of the 

customer (35%), a personal relationship (either a friend or a relative) between the extension agent and 

the customer (10%), and high socio-political status of the customer (5%). 
18

 Note that the profit margin is typically computed as a percentage of the total value of the products 

delivered.  In many instances, though, the price charged by the VET also depends on a number of 

specific factors, namely: distance between his place of residence and that of the customer (this 

happens in 46% of the reported transactions), difficulty in finding the product required (36%), and 

character of the service provided (18%). The gross income earned for a given service is thus equal to 

(1+m%)xproduct price + variable margin.  To make things even more complicate, the level of the 

fixed margin m varies from agent to agent. 
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Judge of Peace if he resides in a so-called centro poblado.
19

  If compelled to take up such 

costly steps, the extension agent inflicts a punishment on the defaulting customer by refusing 

to deal with him (her) in the future.  Since information circulates well among the VET, who 

meet regularly through their professional associations, defaulting by a customer easily leads to 

ostracisation by all the promotores in the region, a mechanism known as multilateral 

punishment (Greif, 1993, 1994, 2006; Platteau, 2000; Aoki, 2001; Fafchamps, 2004; Dixit, 

2009). 

The above account leads to several important conclusions.  First, VET tend to behave in a 

business-like manner looking for reliable and creditworthy customers.  Second, by providing 

credit to their customers, they relax the liquidity constraint weighing on the latter, yet only to 

a certain extent (hence the risk of default which prompts VET to resort to rationing of service 

supply).  Third, since they are selling their services on credit, they may subject themselves to 

a liquidity constraint.  Their need for liquidity also arises from another source since they must 

finance the purchase of products ahead of delivery to customers. In order to economize on 

transaction costs, purchases are pooled inside one of the two VET professional associations.   

In the beginning of the experience, the NGO endowed the veterinary associations with an 

initial capital so that they could operate collectively as a rotating fund. Not only were 

members thus enabled to purchase products ahead of their sale and the payment of associated 

services, but special interventions of the NGO insured them against the risk of losses caused 

by customer defaulting.  Such schemes, however, collapsed in 2005-2006 as a consequence of 

rather familiar problems (embezzlement, lack of discipline on the part of certain members) 

which ended up eroding the rotating fund of each association.  Since a few years, therefore, 

the two associations serve only two functions: the pooling of input purchases (but the VET 

have to pay cash upon their receipt), and exchange of technical and other types of information 

(in particular, regarding the creditworthiness of customers). 

Let us now turn to the situation of the agricultural service providers (AGR).  All of them 

actually sell their services on credit since they supply seeds for improved pastures at sowing 

times and get paid after the (third) harvest of the fodder crops.
20

  Defaulting on this obligation 

to return seeds has been widespread: according to the AGR, about one-third of the seeds 

supplied to customers have never been returned with the result that the rotating fund created at 

                                                 
19

 The centro poblado is an administrative unit just below the district level which regroups several 

villages and where a Justice of Peace is often located. 
 
20

 There are, indeed, three consecutive harvests of fodder crops, and the last of them is earmarked as 

seeds for use in the next period, or for reimbursement of a loan in kind. 
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the initiative of the NGO could not be adequately replenished and eventually collapsed.  In 

this specific instance, the default risk has been considerably enhanced as a result of unfair 

competition caused by the distribution of free seeds and free technical assistance by 

YANACOCHA mining company.  This intervention sparked a protest movement against the 

promotores who were accused of exploiting their communities.  The AGR, organised in a 

professional association (called Naturaleza Andina) similar to the VET associations, also 

reacted by screening potential customers more strictly. The average number of their customers 

(per month) is equal to 27, and it varies from 1 to 80. 

Finally, agro-processing and marketing service providers (APM) differ from the above 

two categories in that they do not earn directly observable incomes from the technical 

assistance they provide.  This free assistance aims at helping cattle herders to improve the 

quality of their milk (raising its fat content and degree of purity) so that it can be transformed 

into high quality cheese. APM benefit from this situation since they purchase cheese and are 

therefore eager to transform clients into regular suppliers of a product that meets strict quality 

standards. Not surprisingly, the APM provide, on average, a much smaller number of 

extension services per month than the VET and the AGR.
21

 

Unfortunately, there is no reliable way in which we can impute a monetary value to the 

benefits obtained from their exclusive relationships with privileged customers/suppliers. As 

can be deduced from a comparison of figures obtained for all the promotores and for the 

reduced sample after removal of the APM (see figures between brackets) in Table 7, the 

average income obtained by the APM from extension services (which is downward biased) is 

much lower than the (correctly measured) income of the VET and the AGR, yet the income 

from domestic activities is much larger for the APM.  These results are perfectly consistent 

with the above point that extension benefits for the APM mainly take the form of increased 

incomes from their domestic activities. 

 

4.2.Extension agents and the liquidity constraint: econometric evidence 

 

Descriptive evidence provided above strongly suggests that extension agents themselves, 

with the exception of the APM, may be constrained by liquidity. We test this hypothesis 

below by estimating the impact of wealth on the scope of extension activities of the 

                                                 
21

 Note that the APM sometimes supply veterinary or agricultural extension services in addition to 

their agro-processing services. 
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promotores concerned (VET and AGR), controlling for a number of personal and community-

level characteristics.  The model to be estimated has the following form: 

 

                                                  

  

where k and j index, respectively, the extension agent’s household and his community, 

domestic_income_07 is the per capita income of the agent’s household, and M is the matrix of 

personal characteristics. 

Two key issues concern the way to measure the dependent variable, on the one hand, and 

the wealth or liquidity available to the extension agent, on the other hand.  Since our objective 

is to assess the extent to which liquidity constrains the scope of business, we make the logical 

choice of using the total (monetary) value of the extension services supplied by the agent as 

our dependent variable.  We label it value_of_services.  As for our central independent 

variable, two different routes are trodden.  In the first approach, we measure liquidity by using 

the current monetary income that the extension agent’ household obtains from its domestic 

productive activities (sales of milk and cheese) only.  We designate this variable by 

domestic_income_07, which is measured annually in this instance.  The idea is that cash 

incomes currently earned from the sale of milk and cheese products can be easily used to 

finance expenditures involved in the purchase of inputs associated with extension service 

activities.  The explanatory variable is thus considered as a mass of liquidity available to the 

head acting as an extension agent. 

It could be objected that the above variable is likely to be endogenous to the value of 

extension services.  There are two grounds on which reverse causality is suspected: (1°) 

incomes from extension services could be themselves invested in productive assets (a 

complementarity effect) and (2°) more intensive extension activities could be at the expense 

of domestic income-earning activities (a substitution effect in labour).   

To take seriously into account the possibility of endogeneity of our results, we instrument 

the domestic_income_07 variable by its five-year lagged value.  Note that, when we do not 

instrument the income, results remain unchanged. Moreover, the outcome of the Durbin-Wu-

Hausman test supports our belief that the current domestic income from herding activities is 

not endogenous to the value of extension services (the test statistic is 1.33 which is associated 

with a p-value of 0.25). This is not really surprising. First, the complementarity effect is not 

very plausible because productive investments made as a result of higher incomes from 

extension activities, assuming that they have actually occurred, are not likely to yield larger 
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monetary benefits during the current period (think, for example, of the purchase of new seeds 

for pasture improvement).
22

  On the other hand, since women in age of working are 

specialised in the day-to-day handling of milk and cheese production within the household, it 

is difficult to see how greater extension activity on the part of the household head could cause 

a fall in domestic production (the substitution effect).
23

   

Let us now comment on the control variables that appear on the RHS of our regressions.  

Age of the extension agent is measured continuously, and is represented by two terms (age 

and agesquare) so as to allow for a non-linear effect.  Two measures are employed to assess 

the influence of human capital: an ordered variable, labelled education, reflecting the level of 

formal schooling achieved by the agent, and the number of additional, optional training 

sessions or workshops organized by SP which the extension agent attended after year 2002.  

This second variable is named workshop.  The formal education variable comprises six 

categories defined as follows: no education (value 1), primary school non-completed (value 

2), primary school completed (value 3), secondary school non-completed (value 4), secondary 

school completed (value 5), and higher education, whether completed or not (value 6). 

Besides age and education, the list of independent variables include the dummy VET, 

equal to one when the agent supplies veterinary services, and nr_of_specialisations, equal to 

one when the extension agent has more than one field of specialisation, and to zero otherwise.  

Yet another dummy, labeled mine, indicates whether the agent is working for YANACOCHA 

mining company or not.  This is useful information because a commonly heard opinion is that 

this company has recruited the most performing promotores to operate its aforementioned 

programme.  These promotores receive a fixed wage from YANACOCHA (bear in mind that the 

extension services delivered under this programme are free of charge) and, in addition, they 

continue to operate as independent agents.  The value of their incomes from extension has 

therefore been computed by summing up their wage and the value of their independently 

provided services. Lastly, we control for location-specific effects by using a district dummy, 

named district, which takes on value one when the extension agent resides in La Encanada 

district, and zero when he resides in Hualgayoq.   

Note that since several extension agents have two fields of specialisation (none of them 

has three specialisations), they appear twice in the dataset used for our regressions.  To take 

                                                 
22

 It is true that the purchase of a new cow could have immediate effects on domestic income, yet the expense 

involved (about 300 soles, on an average) is too large to be financed by an accumulation of savings over less 

than a year. Note carefully that this figure of 300 soles cannot be compared to the income data 

displayed in Table 7 because the latter have been estimated by using gross values. 
23

 Bear in mind that there are only three women in our sample of 39 extension agents. 
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this specific feature of the data into account, we estimate our regressions by attaching a 

sample weight of ½ to any agent who has two fields of specialisation, so that his ultimate 

weight is unity.  As it turns out, this weighting procedure does not yield different results from 

a simple procedure in which all observations receive the same weight (results not shown). The 

estimates are presented in Table 10.   

The existence of a liquidity effect, measured in terms of either current domestic income, 

is largely borne out by the data: the coefficient of domestic_income_07 is positive and 

significantly different from zero.   

 

INSERT TABLE 10 HERE 

 

There are other interesting results worthy of attention.  Age has a significant non-linear 

influence on the gross incomes earned by extension agents from the sale of their services.  

The relationship is convex and we calculate that the age above which experience accumulated 

over time seems to boost such incomes is 35 years (when wealth is measured as liquidity).  

Below that age, being younger is an advantage.  As regards education, the level of formal 

schooling of the extension agent has a significant positive influence whereas the impact of 

additional training through participation in workshops is strongly significant (at 99% 

confidence level) when liquidity or savings is proxied by the current monetary income from 

domestic activities.   

A final result is the strongly positive effect (at 99% confidence level) of the mine variable, 

which indicates that the agents recruited by YANACOCHA company obtain a higher total 

income from extension services than others.  Caution is needed before concluding that they 

are better performing because their higher incomes might reflect advantageous wages at the 

mine rather than a higher number of services, or an identical number of more valuable 

services, compared to their colleagues.  However, when we take the wage component out of 

total incomes from extension services, all the results displayed in Table 10 continue to hold.  

Results again persist if wages are added to incomes from domestic activities, considering that 

they, too, can be used to finance independent extension activities, and if the newly defined 

domestic income variable is interacted with the dummy mine. Clearly, promotores working 

for this company form a special, highly performing category of extension agents.   

In order to test the robustness of our central result and check that it is not attributable to 

some peculiar interaction between income and other independent variables, we have also 

estimated a stepwise regression model. The results (not shown) confirm that income has a 
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strongly significant effect (at 99.9% confidence level) on the scope of extension activities 

whichever the number and nature of the other explanatory variables it is associated with.  

 

 

5.3 Rationing demand for innovations 

 

Through which channel operates the liquidity constraint weighing on the extension agents 

is the last question we address in this paper.  To answer it, we decompose the aggregate value 

of their services into a quantity and a price component. In other words, we re-run the 

regression with exactly the same explanatory variables as those used in the above estimations, 

but with newly defined dependent variables.  In the first series of regressions, the dependent 

variable is the number of services supplied by the agent and, in the second serie, it is the 

average value or price of an extension service.  The results (presented in Appendix 3) are 

rather neat when liquidity is measured in terms of domestic income: while the first estimation 

(number of services as dependent variable) does not yield any significant effect except for the 

mine variable, the second one (value of the average client) turns out to be a close replica of 

the estimation displayed in Table 10.  

The central conclusion to draw is that, when limited by his liquidity, an extension agent 

rations his services not by reducing his number of customers but by decreasing the average 

price or value of the services offered them.
24

  Since product quality is uniform and the 

available products are standardized so that prices are unique, reduction of service value 

cannot take the form of substitution of low quality for high quality products.  We conclude 

that liquidity-constrained extension agents bring down the value of their services by avoiding 

to supply costly innovations and concentrating on those requiring comparatively cheap inputs. 

Whether the liquidity constraint on the side of the promotores causes a rationing of the 

demand arising from certain customers hinges on the characteristics of the local market for 

extension services.  Indeed, if such a market works perfectly in the sense of allowing service 

providers to freely move among villagers and across communities, these providers could be 

expected to find, and deal with, customers whose demand, itself possibly constrained, 

matches their own liquidity-constrained supply.  If the opposite situation obtains in the form 

of a segmented market with local monopolies, liquidity problems on the supply side would 

inevitably result in the rationing of the demand expressed by certain customers.  

                                                 
24

 Remember that promotores make bulk purchases of modern inputs at discrete times of the year so 

that liquidity available matters. 
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Unfortunately, our data do not allow us to map out how extension agents are matched with 

customers (the two datasets cannot be articulated together on individual basis), and we are 

therefore unable to mobilise quantitative evidence to diagnose the type of market that is at 

work in the region under concern. 

This said, the combined findings that personalised relationships are still pervasive in the 

societies under concern, and that in many village communities several promotores (up to five) 

operate simultaneously, suggest that the reality lies somewhere in between the two above 

extreme scenarios.  It is also telling that, when queried about their relationships with 

customers, promotores stressed that, while it is difficult for them to refuse to deal with a client 

who requires their services (provided that he or she is trustworthy), a lack of working capital 

may compel them to reduce the value of the products delivered below what a client is willing 

to pay.  The first part of the statement indicates that an extension agent may not be free to 

choose customers of the optimal size, while the second points toward the possibility of 

demand rationing at least within the framework of a particular supplier-client relationship (we 

cannot rule out the possibility that the rationed customer will find another agent to obtain the 

products he or she could not buy from the privileged one). 

Finally, the exceptional performance of promotores working for the mining company 

deserves to be stressed. Not only do they have a significantly larger number of customers 

even besides those served on account of the company, but the value of their average customer 

is also significantly higher. In other words, on the top of their work for the company, they 

cater to a larger pool of more worthy customers than their colleagues.  The result holds 

whether we proxy liquidity by domestic income or cowherd size (through wealth1 or 

wealth2).
25

   

 

                                                 
25

 The following result may also be brought to attention. When the average price of a service is used as 

the dependent variable in a regression where liquidity is proxied by wealth, the coefficient of VET is 

positive and significant whereas it is negative and (weakly) significant when the dependent variable is 

the number of customers.  (As is evident from Table 8, the coefficient is not statistically different from 

zero when the gross aggregate value of extension services is the dependent variable).  These results 

reflect the fact that, on average, VET promotores give more valuable services than AGR promotores 

because the products involved are more costly.  As it turns out, such an effect is broadly compensated 

by the fact that the former cater to fewer customers than the latter. 
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5. Conclusion 

 

SP-Soluciones Practicas is an NGO specialised in helping poor rural communities of the 

Peruvian Highlands to enhance their productive abilities through technical change.  It initially 

designed a participatory programme in which locally elected extension agents were required 

to return the benefits of their training to their native communities by providing free technical 

assistance.  Since this attempt ended up in glaring failure, the NGO changed its tactic and 

opted for a market-creating approach in which service providers were allowed to run a 

profitable business.  Treating this momentous change of approach as an exogenous event that 

shapes a quasi-natural experiment, the paper has assessed the impact of the liquidity 

constraint weighing on both the demand and the supply sides of a nascent market for technical 

innovations in conditions of highly imperfect credit and insurance markets.  The conclusion is 

that this constraint effectively limits the adoption and the supply of innovations.   

As regards the demand side, we find that, according to expectation, liquidity proxied by 

wealth influences innovation adoption, and it does it for costly but not for cheap innovations. 

The result is robust since it holds under various specifications that exploit the available 

information about cost characteristics of innovations. Because all sample households have 

received basic information about available innovations, and because we are also able to 

control for the influence of the household’s willingness to innovate (including its willingness 

to acquire more specialized technical knowledge), it is legitimate to rule out interpretations of 

wealth as an indicator of informational or innovativeness advantages.  As regards the supply 

side, we find that liquidity, measured in terms of domestic income or physical assets, 

constrains the aggregate (gross) value of the services provided by grassroots extension agents.  

The constraint operates in a context where these agents have both to extend credit to their 

(poor) customers and to finance the purchase of the modern inputs in which most innovations 

are embedded.  
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Whether the wealth-adoption relationship arises from credit imperfections or from greater 

risk aversion and smaller protection from risk among poorer individuals is an issue that we 

cannot settle on the basis of the data. Two stories are plausible, in particular: (i) poor 

households are reluctant to accept credit from innovation suppliers in order to adopt 

innovations associated with modern inputs because they have doubts about their ability to 

repay the loans due to uncertainty of returns or other reasons; (ii) innovation suppliers refuse 

to grant loans to poor households because they think reimbursement is too uncertain.   

 Although a relatively high attrition of extension agents has dampened its impact, SP’s 

new programme has obviously succeeded in activating the market for technical assistance in 

the targeted Andean communities.  Local households have been offered a wide range of 

technical innovations susceptible of enhancing productivity and raising their welfare.  The 

liquidity constraint, however, has limited the extent of potential benefits from the active 

presence of grassroots extension agents.  From the beginning of the experience, SP was aware 

of such an obstacle, hence its credit programme run through several professional associations 

and destined to mitigate the shortage of working capital on the side of these agents.  

Unfortunately, however, poor management of the rotating funds with which these associations 

were endowed, as well as lack of discipline and collective action failures on the part of the 

members, have brought this crucial component of the whole experiment to an end.  As a 

consequence, the liquidity constraint weighing on the supply side of the market re-emerged as 

a significant factor restricting the benefits of technical change in the targeted areas.  As often, 

credit market imperfections and the underlying incentive problems turn out to be the Achille’s 

heel of market development.  

Lastly, our study offers an answer to the tricky question of the viability of privately-

supplied extension services.  It is because they can rely on complementary incomes from 

productive activities linked up with their extension work, and because they originate from the 

communities to be serviced that extension agents are able to operate on a sustainable basis.    
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Table 1: Distributions of sample population according to economic specialisation in 2002 

and 2007 

 2002 2007 

Do not sell any surplus 40  (9.5%) 29   (6.8%) 
Sell only milk 248  (58.6%) 268  (63.4%) 
Sell only (low quality) cheese 135  (31.9%) 112  (26.5%) 
Sell both milk and (low quality) cheese 0  (0.0%) 14  (3.3%) 
Total 423  (100.00%) 423  (100.00%) 

 

Table 2: Types of innovation most frequently adopted by rural producers (2007)  

 Type of innovation  

Nr of 

innovations 

adopted 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) Total 

0 0 0 0 0 0 0 0 0 0 0 0 5 

1 9 0 1 0 0 1 0 0 0 1 0 12 

2 21 8 6 4 0 2 0 1 0 4 0 23 

3 27 5 30 13 8 18 1 2 0 4 0 36 

4 31 11 40  27 26  22 6 1 0 2 2 42 

5 58 21 64 59 53 50 5 2 2 7 4 65 

6 79 57 89 81 77 79 27 9 4 23 9 89 

7 51 48 58 56 54 58 43 15 7 18 5 59 

8 34 22 34 33 34 34 26 19 13 12 11 34 

9 32 32 34 33 34 32 31 27 28 14 9 34 

10 20 19 20 20 20 20 17 17 17 15 15 20 

11 4 4 4 4 4 4 4 4 4 4 4 4 

Nr of 

adopters* 

366 

(58) 

227 

(33) 

380 

(76) 

330 

(24) 

310 

(2) 

320 

(42) 

160 

(14) 

97 

(5) 

75 

(7) 

104 

(28) 

59 

(7) 
423 

Order of 

importance 
2 6 1 3 5 4 7 9 10 8 11  

Rank order 

of adoption 
1 2 3     4 5 6 7 8 9 10 11  

* The figures between brackets indicate the number of adopters in 2002.  

 

 

Table 3: Descriptive statistics about innovation adoption in years 2002 and 2007 

 2007 2002 

Average number of innovations 

adopted per household* 
5.74 0.70 

(5.83) (0.71) 

Modal value 6 0 

Maximum value 11 8 

Standard deviation 2.33 1.18 

Proportion of non-adoptor 

households 
1.18% 60.52% 

Rate of use of innovation 

potential* 
52.18% 6.34% 

(52.96%) (6.45%) 
* The figures put in brackets refer to the corresponding statistics measured per cow-possessing household. 
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Table 4: Determinants of innovation adoption and the impact of the wealth constraint 

 Dependent variable Δinnovationij  

 Negative Binomial  

 (1) (2) (3) (4) (5) (6) 
(6) 

OIR 

 Income_head_02 0.167*** 0.161*** 0.114** 0.113*** 0.122*** 0.091** 1.096 

 (3.57) (3.36) (2.55) (2.71) (3.08) (2.23)  

 (Income_head_02)
2
 -0.010*** -0.011*** -0.007** -0.007** -0.008** -0.005 0.995 

 (2.71) (2.82) (2.11) (2.31) (2.46) (1.55)  

 Innovation_02 -0.209*** -0.211*** -0.212*** -0.212*** -0.186*** -0.169*** 0.845 

 (5.45) (5.83) (6.96) (7.32) (7.74) (4.76)  

 Training  0.126*** 0.115*** 0.114*** 0.099*** 0.108*** 1.114 

  (5.74) (4.23) (4.20) (3.76) (4.76)  

 

Cow_productivity_02 

 

 0.032*** 0.027*** 0.009 0.009 1.009 

   (5.53) (3.04) (1.32) (1.32)  

 Grazing_area_02 
  

 -0.001 -0.001 -0.001 0.999 

    (1.13) (1.57) (1.52)  

 Nestlé 
    

0.272** 
  

     (2.52)   

 Constant 1.642*** 1.584*** 1.423*** 1.406*** 1.300*** 1.472***  

 (16.58) (16.35) (13.13) (12.60) (11.21) (39.15)  

FIXED EFFECTS NO NO NO NO NO YES 
CLUSTER AT VILLAGE  

LEVEL 
YES YES YES YES YES YES 

CONTROL FOR     

IRRIGATION TYPE NO NO NO YES YES YES 

Nr of Observations 423 423 423 423 423 423 
 Robust z-statistics in parentheses  

 * significant at 10%; ** significant at 5%; *** significant at 1%  
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Table 5:  Determinants of innovation adoption separating costly and cheap innovations 

Dependent variable Δcheap_innovij 

(1) 

Δcostly_innovij 

(2) 

Δcheap_innovij 

(3) 

 Negative 

Binomial 

Odds Incidence 

Ratio 

Negative 

Binomial 

Odds Incidence 

Ratio 

Negative 

Binomial 

Marginal 

effects at 
median income 

Income_head_02 0.024 1.019 0.200** 1.244** 0.129 1.137 
 (0.83) (0.67) (2.14) (2.33) (0.18) (0.18)   

(Income_head_02)
2
 -0.001 0.100 -0.013* 0.986* -0.062 0.940 

 (0.24) (0.09) (1.83) (2.03) (0.25) (0.25) 

Innovation_02 -0.175*** 0.840*** -0.156*** 0.856*** -0.163** 0.849** 
 (4.87) (4.84) (3.38) (3.33) (2.49) (2.49) 

Training 0.050*** 1.051*** 0.196*** 1.222*** 0.165** 1.179** 
 (3.39) (3.33) (4.28) (4.43) (2.02) (2.02) 

Cow_productivity_02 0.009* 1.010* 0.010 1.009 0.027 1.027 
 (1.85) (1.86)  (0.63) (0.57) (0.50) (0.50) 

Grazing_area_02 0.001 1.001 -0.003*** 0.996 *** -0.000 0.100 
 (1.59) (1.71) (2.91) (3.80) (0.02) (0.02) 

Constant 1.292***  -0.195**  1.078***  
 (48.47)  (2.22)  (8.75)  

FIXED EFFECTS YES YES YES 
CLUSTER AT VILLAGE 

LEVEL 
YES YES YES 

CONTROL FOR 

IRRIGATION TYPE 
YES YES YES 

Nr of Observations 423 423 94 

Robust z-statistics in parentheses 

* significant at 10%; ** significant at 5%; *** significant at 1% 
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Table 6:  Determinants of innovation adoption with selective categories of innovations 

Dependent variable Adoption of 4 or 5 cheap    

innovations 

Adoption of at least 1 costly  

innovation 
 (1) (1 bis) (2) (3) (3 bis) (4) 

 Logit Marginal 

effects at 
median income 

Linear Probability 

model 

Logit Marginal 

effects at    
median income 

Linear Probability 

model 

Income_head_02 0.779 0.115 0.007 1.063*** 0.152** 0.100** 

 (0.41) (0.41) (0.02) (2.59) (2.49) (2.36) 

(Income_head_02)
2
 0.377 0.056 0.026 -0.066* -0.009* -0.007** 

 (0.71) (0.71) (0.21) (1.90) (-1.94) (2.24) 

Innovation_02 -0.717*** -0.106*** -0.062 -0.515*** -0.074*** -0.079*** 

 (3.27) (-2.71) (1.23) (4.01) (-4.33) (3.38) 

Training 1.104*** 0.163*** 0.142 0.224 0.032 0.036* 

 (4.68) (4.85) (1.66) (0.98) (1.01) (1.99) 

Cow_productivity_02 0.132 0.020 0.021 0.137** 0.020* -0.000 

 (1.43) (1.31) (0.83) (2.10) (2.06) (0.05) 

Grazing_area_02 -0.078 -0.012 0.005 0.018 0.003 0.001 

 (1.63) (-1.62) (0.71) (0.61) (0.60) (1.19) 

Nestlé 0.904 0.145  0.392 0.056  

 (1.55) (1.39)  (0.65) (0.68)  

Constant -2.115***  0.417*** 0.074  0.513*** 

 (3.96)  (4.99) (0.14)  (16.10) 

FIXED EFFECTS NO YES NO YES 
CLUSTER AT VILLAGE 

LEVEL 
YES YES YES YES 

CONTROL FOR 

IRRIGATION TYPE 
YES YES YES YES 

Nr of Observations 89 89 423 423 

R-squared - 0.35 - 0.32 

Robust z-statistics in parentheses 

* significant at 10%; ** significant at 5%; *** significant at 1% 

 

 

Table 7: Compared values of the coefficient of initial income when the category of costly 

innovations is gradually enlarged (using both NBR and OLS models, and community FE) 

 

 Size of the category of innovations 

Variable of interest 

(while using the 

complete usual set) 

6 7 8 9 10 11 

Income_head_02 0.22** 0.18*** 0.15*** 0.11** 0.10** 0.09** 
 (2.33) (2.60) (2.79) (2.48) (2.24) (2.25) 

(Income_head_02)
2
 -0.01** -0.01** -0.01** -0.01** -0.01 -0.01 

 (-2.04) (-2.14) (-2.14) (-1.75) (-1.53) (-1.58) 

Robust z-statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
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Table 8: Censored Poisson on adoption of costly innovation and odds incidence ratio 

Dependent Variable Δcostly_innovij 

 (1) (2) 

 Censored Poisson OIR Censored Poisson OIR 

Innovation_02 -0.428*** 0.652*** -0.423*** 0.655*** 

 (4.38)  (4.35)  

Income_head_02 0.510** 1.665** 0.412** 1.510** 

 (2.33)  (2.40)  

Training 0.440*** 1.553*** 0.064 1.066 

 (4.35)  (0.49)  

Training*Income_head_02   0.979** 2.660** 

   (2.36)  

Cow_productivity_02 0.035 1.036 0.032 1.033 

 (0.85)  (0.81)  

Grazing_area_02 -0.004* 0.996* -0.007** 0.993** 

 (1.70)  (2.01)  

Constant -0.083  -0.053  

 (0.37)  (0.26)  
FIXED EFFECTS YES YES 
CLUSTER AT VILLAGE LEVEL YES YES 
CONTROL FOR IRRIGATION 

TYPE 
YES YES 

Nr of Observations 423 423 
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Table 9: Average gross incomes earned by extension agents from domestic and extension 

activities, and gross incomes earned by innovation users from domestic activities (in soles per 

household per month)* 

 

 Promotores 2002 Innovation users 

2002 
Promotores 2007 Innovation users 

2007 
a. Income from 

domestic activities 

182 233 493 337 

(167)**  (398)**  

b. Income from 

extension services 
 − 168 − 

  (209)**  

Total income: a + b 182 233 661 337 

(167)**  (607)**  

Ratio b/(a+b) − − 25.4% − 

  (34.4%)**  

Proportion of 

households for 

which b > a 

−  13.0% 

(6/46) 
 

* For the promotores, the incomes have been drawn from our own dataset of the incomes earned during the 

month preceding the survey.  For innovation users, on the other hand, we use the information from the first 

dataset which report average monthly incomes pertaining to the rainy and the dry seasons (see Section 2). 

** The figures between brackets refer to the situation obtained when the APM have been removed. 
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Table 10: Determinants of the value of extension services supplied and the impact of the 

wealth constraint 
       

Dependent variable Value_of_services_07 

 IV 

Domestic_income_07 0.030*** 0.031*** 0.031*** 0.019** 0.024*** 0.023*** 

 (3.15) (2.89) (2.75) (2.54) (4.37) (4.58) 

VET -135.603** -130.028** -116.201** -59.787 -57.714 -50.289 

 (2.36) (2.16) (2.04) (1.11) (1.40) (1.05) 

Mine  440.063*** 439.082*** 396.840*** 450.394*** 490.982*** 493.386*** 

 (12.51) (11.96) (8.50) (10.78) (16.74) (15.96) 

Age  -19.645 -16.529 -44.525** -47.305*** -46.077*** 

  (1.28) (0.83) (2.41) (3.75) (4.06) 

Age_Square   0.260 0.240 0.631** 0.695*** 0.675*** 

  (1.39) (0.99) (2.68) (4.29) (4.72) 

Education    54.450 79.461** 83.866*** 77.857*** 

   (1.52) (2.66) (3.51) (3.29) 

Workshop    19.755** 19.991*** 21.195*** 

    (2.70) (3.44) (3.10) 

District     105.790** 110.868** 

     (2.44) (2.24) 

Nr_of_specialisations      -50.495 

      (0.69) 

Constant -366.349*** -16.847 -269.928 -95.765 -216.826 -169.269 

 (4.75) (0.06) (0.85) (0.31) (0.88) (0.72) 

Observations 85 85 85 85 85 85 

R-squared 0.78 0.79 0.82 0.87 0.90 0.90 

Robust t statistics in parentheses 

* significant at 10%; ** significant at 5%; *** significant at 1% 

The variable Domestic_income_07 is instrumented by its lagged value in 2000.  
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Figure 1:  Semi-parametric fit of the relationship between innovation adoption and initial 

income 

 

 

 

Figure 2: Semi-parametric fits of the relationship between innovation adoption and initial 

income per capita while disaggregating costly and cheap innovation 

 

COSTLY innovation adoption 

 

CHEAP innovation adoption 
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APPENDIX 1: Descriptive statistics 

 
Variables Mean Standard 

Deviation 

Minimum Value Maximum Value 

Δinnovations 5.043 2.488          0 10 
Income_head_02° 0.669 1.117 0 13.716 
Innovations_02 0.698 1.147 0 7 
Cow_productivity_02 5.967 2.994 0 23.5 
Training 0.466 0.828 0 5 
Nestlé 0.465     0.499 0 1 
Δcostly_innovations 1.683 1.471 0 6 
Δcheap_innovations 3.357 1.455 0 5 
Costly_innov_02 0.243 0.623 0 5 
Cheap_innov_02 0.456 0.749 0 4 
Income_head_07° 1.026     1.942         0      25.674 
Age 34.475 6.643 25 57 
Education 3.632 1.036 2 6 
Workshop 9.445 5.573 0 20 
Mine 0.198 0.399 0 1 
District 0.409 0.492 0 1 
Domestic_income_07 6436.97 4103.847 480 30000 
Value_services_07 168.152 265.996 0 1100 
Meanvalue_clients_07 10.965 11.332           0 40 
Nr_clients_07 23.194             20.919           1 80 
° In thousand soles. 

*Nr_activewomen refers to the number of women in age of working (more than twelve years old) inside the 

household of an extension agent. 

** Nr_hholdmembers refers to the total number of members inside the household of an extension agent. 
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APPENDIX 2 

 

A. Determinants of innovation adoption and the impact of the wealth constraint, OLS 

 

Dependent variable Δinnovationij 
 OLS 

Income_head_02 0.897*** 0.869*** 0.565** 0.572** 0.615*** 0.389* 
 (3.76) (3.63) (2.45) (2.62) (2.84) (1.79) 

(Income_head_02)
2
 -0.050** -0.054*** -0.029* -0.031* -0.035* -0.016 

 (2.60) (2.89) (1.78) (1.98) (1.97) (0.77) 

Innovation_02 -0.846*** -0.839*** -0.875*** -0.874*** -0.765*** -0.664*** 
 (5.34) (5.45) (7.47) (7.76) (9.11) (5.27) 

Training  0.673*** 0.619*** 0.616*** 0.553*** 0.623*** 
  (5.05) (4.44) (4.37) (4.18) (5.40) 

Cow_productivity_02   0.188*** 0.188*** 0.170*** 0.064 
   (4.73) (4.81) (4.19) (1.58) 

Grazing_area_02    -0.006* -0.006 -0.004 
    (1.93) (1.56) (1.59) 

Nestlé     1.423**  
     (2.63)  

Constant 5.116*** 4.825*** 3.914*** 3.845*** 3.316*** 4.224*** 
 (9.97) (10.01) (8.52) (8.35) (6.86) (23.69) 

FIXED EFFECTS NO NO NO NO NO YES 
CLUSTER AT VILLAGE 

LEVEL 
YES YES YES YES YES YES 

CONTROL FOR 

IRRIGATION TYPE 
NO NO NO YES YES YES 

Nr of Observations 423 423 423 423 423 423 
R-squared 0.18 0.23 0.28 0.28 0.36 0.52 
Robust z-statistics in parentheses 

* significant at 10%; ** significant at 5%; *** significant at 1% 
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B. Determinants of innovation adoption separating costly and cheap innovations, OLS. 

 

  

Dependent variable Δcheap_innovij Δcostly_innovij Δcheap_innovij 

 OLS OLS OLS 

Income_head_02 0.038 0.200** 0.297 
 (0.36) (2.17) (0.19) 

(Income_head_02)
2
 0.003 -0.013* -0.229 

 (0.34) (1.85) (0.37) 

Innovation_02 -0.447*** -0.156*** -0.311** 
 (5.38) (3.38) (2.53) 

Training 0.184*** 0.196*** 0.296 
 (4.29) (4.30) (1.47) 

Cow_productivity_02 0.038* 0.010 0.042 
 (1.74) (0.63) (0.34) 

Grazing_area_02 0.002 -0.003*** 0.005 
 (1.19) (2.93) (0.15) 

Constant 3.579*** -0.195** 3.072*** 
 (34.28) (2.23) (9.46) 

FIXED EFFECTS YES YES YES 
CLUSTER AT VILLAGE 

LEVEL 
YES YES YES 

CONTROL FOR 

IRRIGATION TYPE 
YES YES YES 

Nr of Observations 423 423 94 

Robust z-statistics in parentheses 

* significant at 10%; ** significant at 5%; *** significant at 1% 
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APPENDIX 3 
 

A. Determinants of the number of customers per extension agent in 2007 

       

Dependent variable Nr_services_07 

 IV 

Domestic_income_07 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 

 (0.70) (1.04) (1.10) (1.06) (0.85) (0.86) 

VET -22.613** -18.224 -18.755* -16.409 -16.318 -17.316 

 (2.27) (1.65) (1.70) (1.20) (1.24) (1.35) 

Mine  22.589** 25.226*** 26.846*** 29.073*** 30.863*** 30.539*** 

 (2.49) (2.94) (3.06) (2.84) (3.24) (3.27) 

Age  1.192 1.073 -0.091 -0.214 -0.379 

  (0.53) (0.48) (0.02) (0.06) (0.10) 

Age_Square   -0.023 -0.023 -0.006 -0.004 -0.001 

  (0.91) (0.89) (0.14) (0.08) (0.02) 

Education    -2.089 -1.049 -0.854 -0.046 

   (0.87) (0.31) (0.25) (0.01) 

Workshop    0.821 0.832 0.670 

    (0.57) (0.59) (0.50) 

District     4.664 3.981 

     (0.57) (0.50) 

Nr_of_specialisations      6.793 

      (0.83) 

Constant 14.891 -0.754 8.953 16.195 10.857 4.460 

 (1.06) (0.02) (0.20) (0.32) (0.20) (0.08) 

Observations 85 85 85 85 85 85 

R-squared 0.45 0.49 0.50 0.51 0.52 0.53 

Robust t statistics in parentheses 

* significant at 10%; ** significant at 5%; *** significant at 1% 

The variable Domestic_income_07 is instrumented by its lagged value in 2000. 
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B. Determinants of the average value of customers per extension agent in 2007 

       

Dependent variable Meanvalue_clients_07 

 IV 

Domestic_income_07 0.002*** 0.002*** 0.002*** 0.002*** 0.002*** 0.002*** 

 (4.08) (4.34) (5.24) (4.94) (5.38) (5.77) 

VET 0.176 1.334 2.456 2.927 3.021 3.604 

 (0.05) (0.42) (0.87) (1.05) (1.13) (1.25) 

Mine  9.837*** 10.095*** 6.666** 7.113** 8.961*** 9.150*** 

 (3.86) (3.47) (2.30) (2.32) (3.70) (3.87) 

Age  -1.823** -1.570* -1.803* -1.930** -1.834** 

  (2.15) (1.72) (1.81) (2.17) (2.27) 

Age_Square   0.023** 0.021* 0.025* 0.028** 0.026** 

  (2.11) (1.90) (1.94) (2.39) (2.51) 

Education    4.420** 4.629** 4.830*** 4.358*** 

   (2.58) (2.56) (3.22) (2.98) 

Workshop    0.165 0.176 0.270 

    (0.49) (0.57) (0.80) 

District     4.819* 5.218* 

     (1.85) (1.88) 

Nr_of_specialisations      -3.966 

      (1.04) 

Constant -13.191*** 19.991 -0.554 0.900 -4.615 -0.879 

 (3.01) (1.16) (0.03) (0.04) (0.25) (0.05) 

Observations 85 85 85 85 85 85 

R-squared 0.54 0.57 0.69 0.69 0.72 0.73 

Robust t statistics in parentheses 

* significant at 10%; ** significant at 5%; *** significant at 1% 

The variable Domestic_income_07 is instrumented by its lagged value in 2000. 
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