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Abstract

Quinoa production has boomed tremendously in the Andes since the early 2010s. It is widely
promoted as a highly nutritious food and is rapidly changing from a subsistence crop into a
high-value cash crop. This entails opportunities for upward income mobility and improved food
security for Andean smallholders. However, farmers in the Andean highlands cannot reap the
full benefits of lucrative market opportunities due to poor agricultural technologies and low
quinoa productivity levels. While investments into developing improved quinoa varieties are
ongoing, breeding programs are not tailored to the needs of smallholder quinoa farmers
producing for own consumption, the local market and the export market. In this paper, we study
farmers’ preferences and willingness to pay for improved quinoa varieties in the Junin region
in Peru. We use data from a choice experiment among 458 Andean smallholders and estimate
generalized multinomial logit models to control for preference and scale heterogeneity. We find
that farmers generally prefer improved varieties over traditional varieties, with mildew-
resistance as most important crop trait. This is in line with mildew being a serious constraint to
quinoa production in the Andes. In general, farmers prefer varieties that are characterized by
larger grain sizes, higher yield levels, lower levels of saponin, and a reduced maturation period.
Yet, food-insecure farmers are found to be indifferent to early maturity and a larger grain size,
which can be explained by a lower degree of commercialization among these farmers. Our
results imply that developing mildew-tolerant and higher-yielding varieties with a medium to
low saponin content is a priority if investments in quinoa technologies is to benefit small-scale
and food insecure farmers in the Andean highlands of Peru.
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Adoption of improved quinoa varieties among smallholder farmers in the Peruvian
Andes

1. Introduction

Quinoa is widely promoted as a highly nutritious food and demand from high-income countries
is rapidly increasing (Lester, 2006; Ruiz et al., 2014). As a consequence, production of quinoa
has boomed tremendously in the Andes region since 2010, with Peru as main producing and
exporting country. While quinoa is traditionally cultivated as a common staple and subsistence
crop by smallholders in the Andes region, it is increasingly produced by large-scale farms in
the Peruvian coastal areas as a high-value export crop (Ofstehage, 2012). In addition, the
number of countries growing quinoa outside the Andean region, like the United States of
America, United Kingdom and Denmark among others, has risen sharply since 2014 (Bazile,
Pulvento, et al., 2016; Bazile, Bertero, & Nieto, 2015; Zurita-Silva, Fuentes, Zamora, Jacobsen,
& Schwember, 2014). This transition has been supported by recent investments into the
development of improved quinoa varieties, focusing on higher yields, a reduced maturation
period and a sweeter taste (Zurita-Silva et al., 2014).

It is unlikely that the current developments towards improved quinoa varieties will
benefit small-scale producers and improve local food security in Andean regions. Investments
are mainly targeted to the export sector and large-scale producers in coastal areas. Smallholders
face different constraints to crop production and marketing than large-scale producers and
might have different preferences for certain traits of improved quinoa varieties. For example,
taste preference in Andean regions where quinoa belongs to the traditional diet may differ from
taste preferences in international markets where quinoa has become a healthy food hype. In
addition, one of the major impediments to reaching high productivity in the Andes region is
quinoa’s susceptibility to mildew, a plant disease caused by fungi (Sven-Erik Jacobsen, 2003;
Ruiz et al., 2014). This pathogen causes the development of chlorotic and necrotic spots in the
leaves and premature leaf fall, leading to yield reductions of up to 99% in susceptible cultivars
(Danielsen & Munk, 2004; Zurita-Silva et al., 2014). Given that smallholders in the Andes
region still cultivate almost 90% of the total area allocated to quinoa production in Peru, the
development of mildew-resistant varieties is thus a key priority for researchers and policy
makers.

In order to increase adoption rates of improved varieties among quinoa producers, it is
crucial to take into account their specific requirements and needs ex-ante, before new varieties

are developed and introduced (Sibiya, Tongoona, Derera, & Makandaa, 2013). In this paper,



we study farmers’ preferences and willingness to pay for improved quinoa varieties in the Junin
region in Peru, using a choice experiment among 458 Andean smallholders. A choice
experiment is a stated preference method to assess which specific traits of a certain hypothetical
scenario (in this case improved quinoa varieties) are valued most. Previous research has used
choice experiments to investigate the adoption of improved seed varieties of different staple
food crops, such as maize in Zimbabwe (Kassie et al., 2017) and Mexico (Sanchez-Toledano,
Kallas, & Gil-Roig, 2017), pearl millet in India (Smale, Diressie, & Birol, 2016), beans in
Burundi (Lambrecht, Vranken, Merckx, Vanlauwe, & Maertens, 2015), rice in India (Ward,
Ortega, Spielman, & Singh, 2014), and sorghum and teff in Ethiopia (Asrat, Yesuf, Carlsson,
& Wale, 2010). These studies show that farmers’ preferences for improved staple crop seeds
are heterogeneous and depend on the local context, and demonstrate the usefulness of using
choice experimental research to provide ex-ante insights on farmers’ preferences for
agricultural technologies. To the best of our knowledge, no studies have analyzed the
preferences of Andean quinoa farmers for improved quinoa seeds. This paper thereby makes a
relevant contribution as quinoa is an increasingly important crop in local as well as international
markets. For smallholder Andean quinoa farmers to benefit fully from lucrative market
opportunities and ongoing investments in quinoa research and technology development, it is
imperative to understand their preferences. In addition, we use an approach that allows us to
analyze preference heterogeneity as well as scale heterogeneity while most existing choice
experiment studies do not distinguish between these two sources of heterogeneity.

The paper is structured as follows. The second section provides background information
on quinoa production and the development of improved varieties in Peru. The third section
describes the data and methodology, while the fourth section presents the results. In the fifth

section we discuss the results and the sixth section concludes.

2. Background

2.1 Export and production of quinoa

The international demand for quinoa as a highly nutritious food has increased rapidly since
2007 (MINAGRI, 2017). Peru has consolidated its position as market leader in quinoa exports,
bypassing Bolivia to be the largest quinoa exporter since 2014. The export volume in Peru
increased with an average annual growth rate of 37% during the period 2000-2017 (Figure 1).
At the same time, the export price in Peru increased considerably, from 1.27 USD/kg on average
in 2000 to 2.34 USD/kg in 2017, corresponding to an average annual price increase of 3.69%.



The sharpest increase is observed between 2008 and 2014 when the price jumped from 2.42 to

5.42 USD/kg. After 2014, the price decreased again to a similar level as in 2008.
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Figure 1. Export volume and export price of Peruvian quinoa
Source: Authors’ elaboration from Ministry of Agriculture and Irrigation (MINAGRI), over 2000-2017.

To meet this international demand, the area allocated to quinoa production has increased
tremendously in Peru. Quinoa is cultivated in 18 out of the 24 regions in Peru (Apaza, Caceres,
Estrada, & Pinedo, 2015). An important distinction can be made between the six traditional
producer-regions in the Andes (Apurimac, Ayacucho, Cajamarca, Cusco, Junin and Puno),
which account for 89% of national quinoa area in 2016, and 12 secondary and new producer-
regions (Arequipa, Ancash, Huancavelica, Huanuco, Ica, Lambayeque, La Libertad, Lima,
Moquegua, Pasco, Piura and Tacna), which account for 11% of the national area (Figure 2).
These new producer-regions are mainly located in the coastal agro-industrial zones of Peru,
where the government has actively promoted the expansion of quinoa cultivation since 2014.
Because of the large adaptability of quinoa to other environmental conditions and a more
efficient water and soil use, productivity in these areas is higher than in the traditional producer-
regions; with average yields of 1.9 ton/ha, compared to 1.3 ton/ha in traditional regions

(Bedoya-Perales, Pumi, Mujica, Talamini, & Padula, 2018).
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Figure 2. Evolution of quinoa area harvested and production in Peru in traditional
quinoa-producing (TP) regions and secondary and new producing (SNP) regions.

Source: Authors’ elaboration from MINAGRI, over 1991-2016

In the traditional producer-regions in the Andes, quinoa production is constrained by
adverse climate and agro-ecological conditions such as drought, frost, wind, hail, soil salinity
and poor soil fertility (S.-E. Jacobsen, Mujica, & Jensen, 2003; S. E. Jacobsen, Mujica, & Ortiz,
2003; Sven-Erik Jacobsen, 2003). Also the occurrence of mildew, the most important plant
disease in quinoa production, can seriously constraint productivity (Sven-Erik Jacobsen, 2003;
Ruiz et al., 2014). The maturation period for quinoa is relatively long — six months for the most
common variety used in the research area —which is a limiting factor for farmers seeking several
crop rotations per year. In addition, farmers face constraints to meet requirements in export
markets due to a high saponin content in the seed hull, and small and non-uniform grain sizes
(Bazile, Jacobsen, & Verniau, 2016; Bedoya-Perales et al., 2018).

2.2 Development of improved varieties
The current development of improved quinoa varieties mostly focuses on production for the
international market. In Europe and North America, breeding programs concentrate on early
maturity, high yield, uniformity of seeds and sweet cultivars for commercial production (Bazile,
Jacobsen, et al., 2016). In Peru, the Cereal and Native Grain Research Program at the National
Agricultural University La Molina is developing genetically improved quinoa seeds, with a
focus on early maturation and reduction in plant height for easier introduction of quinoa in
modern agricultural systems (Gomez-Pando & Eguiluz-de la Barra, 2013).

Recently, there has been an effort to develop improved varieties for the traditional
producer-regions in Peru. Nationally, 35 quinoa varieties have been identified, of which eight

are improved (Bojanic, 2011; Mujica, 1992). The improved varieties have been obtained



through conventional breeding methods, such as selection and hybridization, by the
experimental stations of the National Institute of Agricultural Research (INIA) (Apaza et al.,
2015). Breeding programs have mainly focused on tolerance to plagues and diseases, high yield,
and large grain size. The varieties have been developed for specific producer-regions, such as
Puno (INIA 420-Negra Collana, INIA 415-Pasankalla, Salcedo INIA, llpa INIA and INIA 431-
Altiplano), Cusco (Quillahuaman INIA and INIA 427-Amarilla Sacaca) and Junin (INIA 433-
SantaAna/AlIQ/FAQ). The uptake of these improved varieties among smallholder farmers is
rather limited. This could be related to a lack of farmer awareness about improved quinoa
varieties; a high cost of improved varieties combined with capital constraints and risk aversion
among farmers; or the traits of the improved varieties not being in line with farmers’

preferences.

2.3 Quinoa and food security

Quinoa production and trade entail important opportunities for upward income mobility and
improved food security among Andean smallholders (S.-E. Jacobsen et al., 2003). Quinoa is
one of the main grain crops supplying highly nutritious food for farm-households in the Andean
region and also has the potential to contribute to food security in other regions of the developing
word (Sven-Erik Jacobsen, 2003). Being a strategic Andean crop in the region, quinoa has
attracted political and research interest since 1999. The Peruvian government has been
promoting quinoa cultivation to improve the food security of the impoverished Andean
population through various social programs (Bedoya-Perales et al., 2018; Hellin & Higman,
2005). In 2008, the food assistance program “National Food Support Program - PRONAA” was
authorized by the state to purchase Andean agricultural products, with quinoa being one of
those products, directly from local small farmers. In 2012, the National Program School Food
Qali Warma provides a quality food service, appropriate to local consumption habits to girls
and boys who are enrolled in public educational institutions at the primary and kindergarten
levels, in which the program incorporates quinoa as a processed product.

The introduction and adoption of improved quinoa varieties could have a positive impact
on improving food security and reducing poverty in the Andean region. Farmers might benefit
from a higher productivity while consumers might favor a better taste. However, a study for
Puno showed that a change in quinoa’s taste did not lead to a substantial difference in
households’ nutrition, because only a relatively small share of households’ overall diets consists

of quinoa (Stevens, 2017).



3. Data and methodology

3.1 Research area

In this paper, we focus on traditional quinoa producers in the Junin region, located in the central
highlands of Peru. In 2012, this region was considered to be moderately vulnerable to food
insecurity (MIDIS, 2012). Before 2013, quinoa was a subsistence crop for smallholder farmers
and was mainly produced on small plots of land for self-consumption (INEI, 2013) (Table Al).
Andean farmers usually diversify crop production with potato, barley and maize as the most
common crops in the Junin region (DRAJ, 2017). Quinoa is cultivated in two agro-ecological
zones in the Andean region of Junin, namely Quechua and Suni zones with altitudes between
2300-3500 m.a.s.l. and 3400-3800 m.a.s.l., respectively, and average annual temperature
around 11-16°C and annual rainfall between 500 and 1200 mm (Tapia & Fries, 2007).

The quinoa production in this region is highly prone to mildew (Peronospora farinosa)
(Rojas et al., 2015). It affects the germination and the formation of the first sheet of quinoa and
causes a risk of yield loss. The Junin region is one of the five sub-centers of genetic diversity
of quinoa (Apaza et al., 2015), and smallholders use five local commercial varieties, like

Hualhuas, Junin white, Junin pink, Huancayo and Mantaro.

3.2 Choice experiment

3.2.1. Concept
We employ a discrete choice experiment to ex-ante analyze farmers’ preferences and

willingness to pay for an improved quinoa variety in the Junin region by presenting various
hypothetical quinoa variety scenarios. Discrete choice experiments are a stated-preference
method and are based on Lancaster’s consumer model, in which respondents are presented with
several choice sets, each containing a number of alternatives between which respondents are
asked to choose. Each alternative is described by its attributes and each attribute takes one of
several levels that describe ranges over which the attributes vary (Lancsar, Fiebig, & Hole,
2017). As a result, respondents derive utility from the different attributes of a good rather than
the good as a whole (Lancaster, 1966). It is assumed that respondents choose the alternative
which maximizes utility among the available options (McFadden, 1973). Experimental choice
modelling allows to assess ex-ante preferences, when the good or service is not available in the
market.

Choice experiments have become a popular tool to evaluate the preferences of
respondents in marketing research (Alfnes, Guttormsen, Steine, & Kolstad, 2006; Loureiro &
Umberger, 2007), labor economics (Ochieng, Veettil, & Qaim, 2017; Van den Broeck, Van
Hoyweghen, & Maertens, 2016), agricultural technology studies (Asrat et al., 2010; Kassie et



al., 2017; Lambrecht et al., 2015; Ward et al., 2014), and studies on the adoption of
sustainability standards (Ibnu, Glasbergen, Offermans, & Arifin, 2015; Meemken, Veettil, &
Qaim, 2017). Several studies have used choice experiments to analyze the adoption of improved
varieties among smallholder farmers in some staple food crop sectors, including a study on
maize in Zimbabwe (Kassie et al., 2017), on rice and pearl millet in India (Smale et al., 2016;
Ward et al., 2014), on beans in Burundi (Lambrecht et al., 2015), and on sorghum and teff in
Ethiopia (Asrat et al., 2010).

3.2.2. Design

The design of a choice experiment entails different steps. The first step includes the
identification of relevant attributes and attribute levels. Based on a review of the literature on
quinoa seed, household survey data from 2014, semi-structured interviews with quinoa breeders
at the National Institute of Agricultural Innovation (INI1A), the Experimental Station of Santa
Ana - Huancayo and agricultural experts at La Molina Agrarian University (UNALM), and four
focus group discussions with quinoa farmers in the Junin region, we identify six attributes: 1)
seed price, 2) grain size, 3) susceptibility to mildew, 4) maturation period, 5) yield and 6)

saponin content (Table 1).

Table 1. Quinoa seed attributes and attribute levels used in the choice experiment

Attribute Levels Dummy coding
Seed price 4 PEN/kg Continuous variable
9 PEN/Kkg (SQ)
14 PEN/kg
24 PEN/kg
34 PEN/kg
40 PEN/kg
Grain size Small (SQ) 0
Large 1
Susceptibility to Mildew Susceptible (SQ) MD1=0 ; MD2=0
Tolerance MD1=0 ; MD2=1
Resistance MD1=1 ; MD2=0
Maturation period 4 months Continuous variable
5 months
6 months (SQ)
Yield 1 tons/ha Continuous variable
2 tons/ha (SQ)
3 tons/ha
4 tons/ha
5 tons/ha
6 tons/ha
Saponin content High level (bitter) SC1=1,; SC2=0
Low content (semi-sweet) (SQ) SC1=0; SC2=0
Without saponin (sweet) SC1=0; SC2=1

Note: SQ: Status quo

The first attribute is seed price, which is a monetary attribute and is expressed as the price

of one kilogram of seed. The six levels (4, 9, 14, 24, 34 and 40 PEN/kg) were chosen based on



the average seed price in 2014 (about 9 PEN/kg), and the maximum and minimum price that
focus group respondents found acceptable. We expect farmers to prefer a lower seed price.

The second attribute, grain size, describes the diameter of the grain expressed by two
levels: 1) small grain with less than 1.8 mm, and 2) large grain with a diameter major of 1.8
mm. The current varieties that farmers use have a small grain size, which is more difficult to
transform into pearled seeds or flakes by the food industry. We expect that farmers prefer a
large grain size in order to receive a better price and sell to the food industry.

The third attribute, susceptibility to mildew, relates to the risk of yield loss when quinoa
is affected by the mildew disease. We include three attribute levels: 1) resistance, with a risk of
yield loss between 0% and 5%, 2) tolerance, with a risk of yield between 6% and 10% and 3)
susceptible to mildew, with a risk of yield loss by more of 10%. We expect the farmer to dislike
a susceptible quinoa seed.

The fourth attribute, maturation period, is expressed as the number of months between
sowing and harvesting. Three levels (4, 5 and 6 months) have been chosen based on the
minimum and maximum time to mature. If the maturation period is shorter, frost and drought
are less likely to affect quinoa production and the opportunity costs of land (and labor) is
reduced.

The fifth attribute, yield, is expressed as the expected output (in tons) of quinoa for one
hectare. The yield levels (1, 2, 3, 4, 5 and 6 ton/ha) are based on the maximum level that experts
deem to be feasible. The yield attribute is independent from the dosage of fertilizers and
agricultural management. We expect that farmers have a strong preference for higher yields.

The sixth attribute, saponin content, is related to the level of saponin in the quinoa grain.
We include three attribute levels: 1) bitter with a high level of saponin, 2) semi-sweet with low
content of saponin, and 3) sweet without saponin. Saponin is found in the pericarp (outer shell)
and gives the grain a bitter taste. It must be removed before the quinoa is edible, which increases
the processing cost. We expect that farmers dislike seeds with higher saponin levels.

The second step of the design entails the construction of the choice cards. Each choice
card includes two unlabeled alternatives that represent a hypothetical improved quinoa variety,
described by the six attributes with varying levels. In addition, we include a status quo or opt-
out option, indicating that the respondent is not willing to adopt an improved quinoa variety. If
a farmer chooses this option, (s)he uses a white quinoa variety called Hualhuas that was
cultivated by 78% of farmers in Junin region during the 2014 season. It is a long-maturation (6

months) variety yielding approximately 2 tons/ha under normal conditions. It is a small grain
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with a low content of saponin (semi-sweet) and susceptible to mildew. The average seed price
for this variety was about 9 PEN/kg in 2014.

Each farmer evaluated 12 choice cards. The total number of possible combinations of the
two alternatives, the six attributes and its associated levels is much higher than 12, so we use a
D-efficient design to reduce the number of choice cards to 12. This design aims to minimize
the correlation between the attribute levels in the choice experiment and to minimize the
standard errors of the parameter estimates. In a first phase, we use a small positive or negative
number (0.001 and -0.001) to indicate whether we expect a positive or negative effect for a
specific attribute. We expect that yield, grain size, mildew, and saponin content will positively
influence the probability that an improved quinoa variety is chosen, while we expect a negative
effect for maturity period and seed price. This preliminary design is used in a pilot test among
32 farmers who live in the Junin region. In a second phase, we use the parameter estimates from
the pilot test in order to improve the efficiency of the design. The D-error of the preliminary
design is 0.0933, while this is 0.0896 in the final design. We use Ngene software to generate
the design. An example of a choice card is given in Figure Al.
3.2.3. Data collection
Data were collected in two phases. First, we collected baseline survey data between February
and March 2015. We employed a three-stage sampling design with purposive selection in the
first stage and stratified random selection in the second and third stage. In the first stage, based
on statistics collected from Regional Direction of Agriculture of Junin (DRAJ, 2016), we
identified 61 districts where quinoa was produced in 2014 and selected 25 that were more
specialized in quinoa cultivation (with the median of the location ratios3 in the last three years
more than one). In the second stage, based on reports and personal communication with
employees from the agricultural agencies of Concepcion, Chupaca and Jauja, we identified the
largest villages in terms of population density (154 in total), from which we randomly sampled
47 villages. In the third stage, we randomly selected 518 farm-households, with the number of
households in each village proportional to the population of quinoa producers. We used a
quantitative structured questionnaire which provides household-level data on socio-

demographic characteristics; land ownership; quinoa production and marketing; other crop

3 The location ratios (Q;; = (Vi;/ X:Vij)/(X;Vij / 2i2;Vi;)) represent the relationship between the
participation of sector "i" in region "j" and the participation of the same sector in the national total and therefore,
it is used as a measure of "relative or interregional specialization”. The relative specialization of a region in an
activity (sector) would be associated with Q;; > 1; and it is measured with the harvested area between quinoa and
total area cultivated (Lira, L., Quiroga, B., 2009).

11



production and marketing; livestock and animal production; off-farm activities and other
income; and food security and quinoa consumption.

Second, we implemented a choice experiment in November and December 2016 using
the same sample of farmers from the baseline survey. From the 518 farmers in the baseline
sample, 458 farmers could be re-surveyed. This amounts to an attrition of 11.6%, which is due
to local migration and refusal to participate in the survey. To ensure that the respondents
understand the choice tasks, enumerators carefully explained the purpose of the choice
experiment. They stressed that farmers should select the variety that they are most interested
in, but that they should also be willing to pay the price indicated on the choice card. Each
attribute and its levels were described into detail, and were visually represented on the choice
cards. To test whether the choice experiment was understood by the farmers, we first presented
a choice card in which there was one clearly dominant alternative before we proceeded with the
actual choice experiment. In order to mitigate bias from respondents’ fatigue or a learning
effect, we presented the choice cards in a random order to each respondent. The choice
experiment lasted about twenty minutes, and was accompanied by a small survey on current
quinoa seed use and production/marketing practices.

3.2.4. Econometric analysis

To estimate farmers’ preferences for different traits of improved quinoa varieties, we use a
generalized multinomial logit (G-MNL) model (Fiebig, Keane, Louviere, & Wasi, 2010). The
model incorporates both preference and scale heterogeneity, as it nests both the mixed logit
(MXL) model and the scale heterogeneity multinomial logit (S-MNL) model. Preference
heterogeneity relates to the fact that preferences for specific attributes are individual-specific
and vary across respondents, while scale heterogeneity relates to the fact that choice consistency
varies across respondents, implying an individual-specific error variance. Although preference
heterogeneity has been widely acknowledged in the literature, there are few empirical studies
that take scale heterogeneity into account (Kassie et al., 2017). The utility to farmer i
(1i=1,...,458) from choosing alternative j (i=1,2,3) in choice card t (t=1,...,12) in the generalized
multinomial logit model (G-MNL) is given by:

Uijt = aiASC + ,Bl-xijt + Sijtl (1)
Bi = o +yn; + (1 —y)oym;, (2)
Where x; . is the vector of attributes; g; is the vector of individual-specific parameters;

and &, is the idiosyncratic error, which is assumed to be independently and identically

distributed (i.i.d.) (eqg.1). The specification of g; (eq. 2) depends on £, which is a vector of mean
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attribute utility weights; o; a person-specific scale heterogeneity of the idiosyncratic error
which is log-normal with mean 1 and standard deviation z, or LN(1,72); n;, which is a vector
of individual specific deviations from the mean distributed MVN (0, X); and y, which is a scalar
parameter that governs the variance of residual taste heterogeneity . Two model forms are
produced to account for scale heterogeneity by restricting the scalar parameter y. If y is set to
zero, the model G-MNL-I implies 8; = o, + n;, whereas if y is set to 1, the model G-MNL-II
implies S; = 0;(B + n;). The difference is that in the G-MNL-I model, the standard deviation
of n; is independent of the scaling of 8, whereas in G-MNL-II, it is proportional to o; (Fiebig
etal., 2010). However, if y < 0 or y > 1 we still have an interpretation (Keane & Wasi, 2013).
Our model includes an alternative specific constant (ASC) to account for the alternative in
which the farmer does not choose an improved variety but a traditional variety instead (meaning
a positive o coefficient). The ASC is a dummy variable, coded zero for the improved varieties
and one for the traditional variety. The ASC reflects a farmer’s general attitude to the adoption
of improved (quinoa) varieties, capturing factors not included by attributes in the choice
experiment. We assume that farmers have a homogeneous preference for lower quinoa seed
prices and we specify the price attribute to have a fixed coefficient. All other attributes and the
ASC are specified as random and normally distributed. To account for preference heterogeneity,
we estimate the G-MNL model for the full sample of farmers and for subsamples of food secure
and food insecure farmers separately4 - with food security calculated as explained below.
Assuming a linear utility function, the mean marginal willingness to pay (WTP) for a certain
attribute x is given by the negative ratio of the coefficient for attribute x and cost (price of
quinoa seed). This measure allows us to compare whether food secure farmers and food

insecure farmers have different preferences for improved quinoa varieties.

3.3 Measurement of food security

We measure food security using the Food Insecurity and Hunger Module (FIHM) developed
by the United States Department of Agriculture (USDA). Food security is defined as ‘Access
by all people at all times to enough food for an active, healthy life. It includes (1) the availability
of nutritionally adequate and safe foods, and (2) the ability to acquire acceptable foods in
socially acceptable ways’ (Bickel, Nord, Price, Hamilton, & Cook, 2000). The FIHM is a

questionnaire consisting of 18 multiple-choice questions, which measure the food security

4 We use this approach to identify preference heterogeneity instead of the more common approaches based on
interaction terms in mixed logit models or latent class models as these approaches did not results in additional
relevant insights.

13



situation at the household level during the last twelve months prior to the survey (Table A2).
When a household experiences food insecurity, the frequency is assessed as well (ranging from
‘often’ to ‘some months but not every month”), which are coded as a positive response. Based
on the sum of these responses, a score on the “Household Food Security Scale” is determined.
This is a single numerical value ranging from 0 to 10, which measures the degree of severity of
food insecurity/hunger experienced by a household. This measure allows us to classify
households according to their food security status into four categories, each one representing a
meaningful range of severity on the underlying scale: 1) food secure (from 0 to 2.2), 2) food
insecure without hunger (from 2.4 to 4.4), 3) food insecure with moderate hunger (from 4.7 to
6.4), and 4) food insecure with severe hunger (from 6.6 to 10). We recode the household food
security status as a binary variable ‘Food Insecure’, equal to one if a household is food insecure
(irrespective of hunger status) and equal to zero if a household is food secure.

We acknowledge that other measures of food security, such as food consumption,
energy and micronutrient intake, and anthropometric measures, have been shown to more
correctly estimate food and nutrition insecurity than self-reported measures, like the FIHM
(Lele et al., 2016). However, the FIHM has been demonstrated to be a useful, rapidly
implementable, low-cost tool (MIDIS, 2012), which captures both physical and psychological

elements of food insecurity.

4. Results

4.1. Descriptive statistics

Seventy percent of the sampled farm-households are classified as food secure and 30% as food
insecure. The latter include households classified as ‘food insecure without hunger’ (21%), as
‘food insecure with moderate hunger’ (6%) and ‘food insecure with severe hunger’ (4%). Table
2 presents household and farm characteristics for the full sample, and across food secure and
food insecure farm-households. Most (87%) of the sampled households are male headed and
the average age of the household head is 50 years. While for food insecure households only
14% has a household head with completed tertiary education, this is 25% for food secure
households. An average household consists of 3.7 members with food-insecure households
having larger households. A small minority (19%) of farmers are member of a farmer
organization, with food secure farmers being more likely to be member. In terms of household
welfare, we find that the income of food secure farmers is more than triple the income of food
insecure farmers, and that the propensity to be poor is 15% for food insecure farmers while this

is only 3% for food secure farmers. These statistics confirm that households’ food security
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status is highly correlated with welfare, which corroborates the validity of the food security

measure.

Table 2. Household and farm characteristics by food security status

Full sample Food insecure Food secure
households households
Mean SD Mean SD Mean SD
Household head characteristics
Age (year) 5042  13.25 49.71 12.79 50.72 13.45
Education level
Secondary education 0.49 0.47 0.50
Technical / university education 0.22 0.14 0.25 Fkx
Female head (dummy) 0.13 0.11 0.14
Household characteristics
Household size total 3.74 1.52 4.03 1.50 3.62 151 faieie
Household size children 1.09 1.20 1.33 1.27 0.98 1.16 Hhx
Organization member (dummy) 0.19 0.12 0.22 *x
Net income 2014 20,435 45242 8,414 14,068 25,619 52,515  ***
Net income per capita 6,442 14,236 2,422 4,385 8,176 16,494  ***
Net income per adult equivalent 10,084 21,672 4,042 7,048 12,690 25,079  ***
Poor household MPI® (dummy) 0.07 0.15 0.03 ekl
Off-farm employment (dummy) 0.11 0.05 0.00 0.13 0.00 Fxx
Farm characteristics
Farm size (ha) 4.65 6.04 2.56 2.57 5.56 6.84 Fkk
Number of crops 3.60 151 3.33 1.42 3.73 1.53 **
Number of tropical livestock units 3.42 5.24 3.04 5.66 3.58 5.05
Quinoa area (ha) 1.85 2.88 1.02 1.19 2.20 3.30 Hx
Specialization @ 0.43 0.24 0.44 0.24 0.42 0.24
Quinoa price (PEN/kg) 6.86 2.20 6.49 2.45 7.02 2.07 el
Quinoa yield (kg/ha) 2,053 988 2,126 1,016 2,022 975
Quinoa production (kg) 4,185 7,884 2,149 3,178 5,064 9,063 faleie
Self-consumption (%) 0.07 0.13 0.11 0.16 0.06 0.10 Frk
Seed-saving (%) 0.03 0.05 0.04 0.06 0.03 0.05
Storage (%) 0.13 0.27 0.11 0.24 0.14 0.28 faied
Sell (%) 0.76 0.31 0.75 0.30 0.76 0.31
Experience growing quinoa (year) 10.51 11.09 8.29 8.79 11.43 11.80 Fxx
Source of quinoa seeds
from its last harvest (dummy) 0.47 0.43 0.49
from other farmers (dummy) 0.46 0.51 0.44
buying from INIA  (dummy) 0.05 0.06 0.05
Use of Insecticide (dummy) 0.69 0.76 0.66 **
Use of Fungicide (dummy) 0.81 0.79 0.82
Mildew problem (dummy) 0.82 0.78 0.84
Extension on quinoa (dummy) 0.26 0.18 0.29 el

Note: Wilcoxon rank-sum test are used to test differences between food secure and food insecure households.
Significant differences are indicated with * p < 0.1, ** p < 0.05, *** p < 0.01. 2 Specialisation is measured as the

® The Multidimensional Poverty Index (MPI) identifies multiple deprivations at the household level in health,
education and standard of living and it was developed by the United Nations in 2010. Each household is assigned
a deprivation score according to his deprivations in each of the 10 component indicators. The maximum
deprivation score is 100 percent, with each dimension equally weighted. The health dimension has two indicators,
nutrition and mortality, in which indicator is worth 16.7 percent. The education dimension has two indicators,
years of schooling and child attendance to school, in with each indicator is worth 16.7 percent. The standard of
living dimension has six indicators: cooking fuel, sanitation, water, electricity, floor and assets, in which indicator
is worth 5.6 percent. Each household is classified as poor if the deprivation score is 33.3 percent or higher.
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ratio of the surface devoted to quinoa area and its total surface cultivated, both measured in hectares. ® INIA:
National Institute of Agricultural Innovation.

Farmers in the research area cultivate on average 4.7 ha in total and allocate 1.9 ha to
quinoa production. Food secure farmers produce more quinoa than food insecure farmers, but
this is due to a larger farm size and not to higher yield levels, which is 2 tons/ha on average.
They are also more likely to have received agricultural training and have been cultivating
quinoa for a longer period (about three years more) than food insecure farmers. There are no
differences related to quinoa seed use. The majority of farmers either store and reuse the
harvested quinoa grain as seeds in the next season or buy it from other farmers. The five most
common varieties are Hualhuas, Blanca de Junin, Rosada de Junin, Huancayo, and INIA 433
varieties, with Hualhuas as the most common variety (78% of farmers cultivating it during
harvest 2014).

4.2. GMNL model results
Table 3 presents the empirical results of the generalized multinomial logit model (GMNL). The
scale parameter 7 is 0.6 with a standard error of 0.07, implying substantial scale heterogeneity
in the data. We account for this in the models with gamma fixed at zero (GMNL 1) and gamma
fixed at one (GMNL 1) (Table A3). The results of these models are very similar to the results
of the unrestricted GMNL model, so we can assume that our results are robust to scale
heterogeneity. We proceed the analysis with the unrestricted GMNL model and estimate this
for food secure and food insecure farm-households separately.

Regarding the full sample, we find that the ASC estimate is negative and significant.
This suggests that farmers generally prefer improved varieties over traditional varieties. All
attribute coefficients are significant with expected signs (except for sweet quinoa, which is not
significant). This suggests that all of these attributes matter in farmers’ choice for improved
varieties, and that farmers prefer cheaper varieties that are tolerant/resistant to mildew, and that
have a larger grain size, higher yield levels and a shorter maturation period. Farmers dislike a
high level of saponin but are indifferent between low levels of saponin and no saponin at all.
However, we also find significant standard deviations for all of these attributes (except for
tolerance to mildew and sweet quinoa), which suggests that preferences differ across farmers.
We indeed find differences across food secure and food insecure farmers. The preferences for
quinoa variety traits of food insecure farmers differ from those of food secure farmers with
respect to maturation period and grain size, for which these farmers are indifferent.
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Table 3. Generalized multinomial logit model estimates

Full sample Food insecure farmers Food secure farmers
Mean SE Mean SE Mean SE
Parameters
Seed price (PEN/kg) -0.019 0.002 *** -0.027  0.009  *** -0.016  0.003  ***
ASC -0.724 0.109 *** -0.740  0.223  *** -0.741  0.138  ***
Yield (ton) 0.971 0.060 *** 0.991 0.224 ***  0.946 0.122  ***
Maturation period (months) -0.061 0.027 ** -0.076  0.058 -0.063 0.032 **
Large grain 2 0.184 0.060 *** 0.207 0.227 0.189 0.104 *
Resistance to Mildew ° 1.528 0.108 *** 1.565 0.325  *** 1.514 0.178  ***
Tolerance to Mildew ° 0.903 0.078 *** 1.017 0.196 ***  0.814 0.103  ***
Bitter © -3.308 0.222 *** -3.493  0.909  *** -3.194 0451  ***
Sweet © -0.027 0.048 -0.106  0.098 0.012 0.058
Standard Deviations
ASC 1.231 0.084 *** 1.145 0.205  *** 1.298 0.112  ***
Yield 0.465 0.047 *** 0.410 0.151 ***  0.409 0.050  ***
Maturation period -0.127 0.049 ** 0.276 0.120 ** -0.079  0.063
Large grain 0.638 0.088 *** 0.773 0422 * 0.608 0.150  ***
Resistance to Mildew 0.364 0.120 *** -0.359  0.816 -0.363  0.165 **
Tolerance to Mildew -0.012 0.072 0.178 0.322 -0.094  0.083
Bitter 2.095 0.196 *** 2.163 0.640  *** 1.952 0.290  ***
Sweet 0.129 0.082 0.064 0.366 -0.173  0.142
1 0.651 0.067 *** 0.730 0.284 ** 0.653 0.155  ***
Y -0.483 0.203 ** -0.022  0.353 -0.393  0.246
Observations 16488 4968 11520
Chi squared 386.641 66.485 155.771
p-value 0.000 0.000 0.000
Log likelihood -4425.066 -1317.405 -3103.917
BIC 9034.629 2796.514 6385.519
AlIC 8888.132 2672.809 6245.834

Note: ASC, alternative specific constant (refers to traditional quinoa variety). # Reference category is a small grain.
b Reference category is susceptible to Mildew. ¢ Reference category is semi-sweet quinoa. * p < 0.1, ** p < 0.05,
*kk

p <0.01.

4.3. Willingness to pay for quinoa traits
The estimated WTP values for each attribute level are given in Table 4 for the full sample as
well as for food secure and food insecure households. These WTP estimates highlight the extent
to which farmers value characteristics of an improved quinoa variety. We find an average WTP
of 49 PEN per kg of quinoa seed for a one ton higher yield and an average WTP of 81 PEN per
kg of quinoa seed for mildew resistant varieties. These WTP values are high in comparison with
current quinoa seed prices. According to the National Institute of Agricultural Innovation
(IN1A), the average price of quinoa seed during the time of our survey was 25 PEN/kg for a
traditional variety (Hualhuas) and 40 PEN/Kkg for an improved variety (INIA 433/AIQ/FAQ) in
the Junin region. Given the discrepancy between current seed prices and the estimated WTP
values, we need to interpret the WTP estimates cautiously and we do so in relative terms rather
than in absolute terms.

Our results suggest that farmers are willing to pay most for an improved quinoa variety

that is resistant to mildew. This is justified as mildew disease is the most important challenge
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for quinoa production in the Junin region. Farmers are even prepared to pay double for a
mildew-resistant variety than for a mildew-tolerant variety. Compared to the other traits,
farmers value a mildew-resistant variety 1.6 times higher than a one-ton increase in yield level,
8.1 times higher than a variety with large grain size, and even 22.5 times higher than a one-
month reduction in maturation period. However, farmers are not willing to buy a seed with a
high saponin content, because the bitter taste does not allow for auto-consumption and makes
it difficult to sell to food processors, as it increases their cost to remove the saponin.

Food secure farmers have the same ranking of attribute importance as food insecure
farmers, but food secure farmers are in general willing to pay more for improved quinoa variety
traits than food insecure farmers; e.g. 59.46% more for mildew-resistant varieties, 33.16% more

for mildew-tolerant varieties, 55.83% more for a one-ton increase in yield level.

Table 4. Willingness to pay (WTP) estimates (PEN per kilogram of quinoa)

. Total Food insecure Food secure
Attribute level farmers farmers
Mean SD Mean SD Mean SD
Yield 49.39 18.49 35.52 9.60 55.36 18.19 ***
Maturation period -3.62 331 -3.01"s 550 -3.89 1.57
Large grain 10.06 20.78 8.00"% 18.02 10.95 21.83
Resistance to Mildew  81.34 17.81 57.47 5.06 91.64 952  **x*
Tolerance to Mildew 46.02 5.90 37.37 1.72 49.76 1.48 falaia
Bitter -172.73 87.69 -126.18 59.25 -192.81 90.36  ***
Sweet -0.84 3.44 -3.98"s 0.50 0.52"s 3.27
Observations 458 138 320

Note: WTP estimates were derived from generalized multinomial logit model parameter estimates. Wilcoxon rank-
sum test are used to test differences between households with food security or not. Significant differences are
indicated with * p < 0.1, ** p < 0.05, *** p < 0.01. "* Not significant.

5. Discussion

In general, we find that traditional quinoa producers in the central highlands of Peru have a
strong preference for improved varieties over traditional varieties — and a relatively high
willingness to pay for improved quinoa varieties. Farmers have a strong preference for varieties
that are resistant or tolerant to mildew. In addition, farmers prefer varieties that have higher
yield levels, a larger grain size, and a shorter maturation period but their willingness to pay for
these variety traits is substantially lower. Farmers dislike a high level of saponin. We find that
farmers have heterogeneous preferences and that this preference heterogeneity can partially be
explained by the food security status of the farm-household. Food insecure farmers, accounting
for 30% of the sample, are found to be indifferent for maturation period and grain size, and to
have a lower willingness to pay for improved varieties than food secure farmers. The

indifference to maturation period and grain size likely relates to the fact that food insecure
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farmers produce less quinoa and have a larger degree of self-consumption of quinoa (Table 2).
As quinoa is less important as a cash crop for food insecure farmers, they do not appreciate a
larger grain size, a characteristic that is valued in the market, nor a shorter maturation period,
which may result in early marketing and better market prices and a lower opportunity cost of
land. The lower willingness to pay likely relates to lower income levels, a higher incidence of
poverty and higher capital constraints among food insecure farmers.

Mildew resistance is the most important attribute for the adoption of improved quinoa
variety among smallholder farmers in Junin region. This is in line with the reported high
incidence of mildew in Junin region (Rojas et al., 2015), causing yield reductions of up to 99%
in susceptible cultivars (Zurita-Silva et al., 2014) and large income shocks. Our result that
mildew resistance/tolerance, and hence yield stability, is more important to quinoa farmers than
higher yield levels is consistent with findings in other studies — for example with the finding
that drought tolerance is a more important trait than yield level for improved maize varieties in
Zimbabwe (Kassie et al., 2017), and that farmers in Ethiopia are willing to forego a higher yield
for more stability in yield with improved sorghum and teff varieties (Asrat et al., 2010). Our
result that quinoa farmers prefer a shorter maturation period but that this trait is less important
than mildew resistance and yield levels, is in line with a study on climbing beans in Burundi
(Lambrecht et al., 2015) in which maturation period was found to be a less important trait than
yield levels. Yet, other studies indicate stronger farmer preferences for yield levels than for
yield variability (Lambrecht et al., 2015; Ward et al., 2014) — which implies that farmers’
preferences for improved staple food crop varieties is context specific. We find substantial
preference heterogeneity among farmers, which is in line with other choice experiment studies
on staple food crop varieties (Asrat et al., 2010; Kassie et al., 2017; Lambrecht et al., 2015;
Ward et al., 2014) that show preference heterogeneity related to food security status, resource
endowments and risk aversion. A drawback of our study is that we were not able to explore
preference heterogeneity more in depth, as we found few significant interactions with farm and
farmer characteristics in the G-MNL model and derived no additional insights from latent class
models. A novelty in our approach is the inclusion of scale heterogeneity, leading to results that
are robust to heterogeneity in choice consistency across respondents — this source of
heterogeneity was not accounted for in previous choice experiment studies on staple food crop
varieties.

In addition, our results are consistent with other studies that consider high yields and
lower seed prices as the mean drivers for the adoption of improved varieties (Lambrecht et al.,
2015; Sanchez-Toledano et al., 2017; Ward et al., 2014). For example, farmers had a strong
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preference for rice and bean seed varieties that resulted in higher yields in India and Burundi
respectively (Lambrecht et al., 2015; Ward et al., 2014). However, few studies that consider the
local environmental conditions find that improved varieties with higher yield have a slight
preference over the environmental adaptability (Asrat et al., 2010), and drought tolerant traits
(Kassie et al., 2017) for a staple food crop like sorghum, teff and maize in Ethiopia and
Zimbabwe, respectively.

In Peru, recent breeding programs focus on generating varieties with early maturity and
short plant height for the introduction of quinoa in large-scale, modern and mechanized
agricultural systems (Gomez-Pando & Eguiluz-de la Barra, 2013) — such as quinoa production
in two seasons in high-technology farms along the Peruvian coast. However, small-scale and
food insecure farmers who grow quinoa in non-irrigated and lowly mechanized systems in the
highlands, do not benefit from these investments and improved varieties. From a public policy
perspective, our results imply that developing mildew-resistant and higher-yielding varieties
with a medium to low saponin content is a priority if investments in quinoa technologies are to

benefit small-scale and food insecure farmers in the Andean highlands of Peru.

6. Conclusions

In this paper, we study farmers’ preferences and willingness to pay for improved quinoa
varieties using a choice experiment and data from 458 smallholder farmers in the Peruvian
Andes. We find that farmers have a strong preference for improved quinoa varieties over
traditional varieties, with mildew-tolerance or -resistance as most important crop trait. Farmers
are found to prefer varieties that are characterized by higher yield levels, a larger grain size,
lower levels of saponin (causing a bitter taste), and a reduced maturation period. Yet, food
insecure farmers are found to be indifferent to early maturation and a larger grain size, which
likely relates to quinoa being less important as a cash crop for these farmers — and have a lower
willingness to pay for improved quinoa varieties. Our results imply that improved quinoa
varieties entail the highest potential for a rapid diffusion among smallholder Andean farmers if
ongoing investments focus on the development of mildew-resistant and higher-yielding
varieties with a medium to low saponin content.

This paper contributes to the literature on ex ante adoption of improved varieties for
staple food crops with new evidence on smallholders’ preferences for quinoa varieties. Our
study underscores the importance of studying farmers’ preferences ex ante to better inform

agricultural research and development initiatives — which holds especially in the case of quinoa,
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given the sharp increase in attention for and investment in this crop in recent years — and

corroborates earlier findings on the heterogeneity of preferences among farmers.
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Appendix

Table Al. Quinoa harvested area, production, yield and consumption in quinoa-
producing farmers in Peru.

2010 2011 2012

Mean SD Mean SD Mean SD Average

N° farmers 424 354 573
Avrea harvested (has) 0.21 0.53 0.16 0.38 0.19 0.44 0.18
Yield (kg/ha) 1,770 2,250 1,156 1,066 1,026 1,736 1,317
Production (kg) 228.91 763.98 163.56 48956 23451 1109.90  208.99
% of sell (Sale/Production) 0.18 0.30 0.17 0.30 0.15 0.29 0.16
% of Self-consumption (Self-

consumption/Production) 0.56 0.31 0.60 0.33 0.60 0.34 0.59
Price (soles/kg) 3.71 1.02 3.74 0.84 4.12 1.10 3.86
Consumption per capita 19.98 41.93 15.02 18.72 15.70 22.33 16.90
Consumption per adult

equivalent 31.63 71.48 20.65 24.94 21.40 27.74 24.56

Source: Author’s calculation based on micro data from National Survey of Strategic Programs (ENAPRES), over
2010-2012
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Table A2. Food Insecurity and Hunger Module (FIHM)

Percentage (N=458)

Question description ves No Often  Sometimes  Never  Refused
Q2 Worried whether food would run out -- -- 3.71 47.82 46.51 1.97
Q3 Food that we bought just did not last - -- 1.75 34.72 61.79 1.75
Q4 Could not afford to eat balanced meals - -- 1.09 22.93 75.11 0.87

Relied on only a few kinds of low-cost food to
Q5 feed children - -- 0.66 13.54 84.93 0.87
Q6 Could not feed the children a balanced meal - -- 0.44 10.04 88.65 0.87
Q7 Children were not eating enough -- -- 0.22 6.33 9258 0.87
Q8* Adult cut the size of meals or skipped them 1441 8559 0.44 12.45 85,59 153
Q9 Eat less than felt should 16.38 83.62 -- -- -- --
Q10 Hungry but did not eat 1288 87.12 -- -- - -
Q11 Lose weight 1245 8755 -- -- - -
Q12*  Adult did not eat for a whole day 6.77 93.23 0.22 5.02 93.23 153
Q13 Cut the size of children's meals 5.02 9498 -- -- -- --
Q14*  Children ever skip meals 3.28 96.72 0.00 2.40 96.72 0.87
Q15 Children ever hungry 2.40 97.60 -- -- - -
Q16 Children did not eat for a whole day 2.18 97.82 - -- - -

Note: For questions 8, 12 and 14, “Often” is “Almost every month” and “Sometimes” is “Some months but not
every month”.
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Table A3. Generalized multinomial logit model

Full GMNL GMNL- 11 GMNL- |

Mean SE Mean SE Mean SE
Parameters
ASC -0.69 0.10 falalel -0.71 0.11 faleal -0.71 0.10 faleal
Seed price -0.02 0.00 falekal -0.02 0.00 Hkx -0.02 0.00 Hkx
Yield 0.88 0.06 faledal 0.84 0.05 faleal 0.76 0.04 bl
Maturation period -0.07 0.03 il -0.06 0.03 *x -0.05 0.02 *
Large grain 0.16 0.06 faleial 0.15 0.06 Fhx 0.12 0.05 *x
Resistance 1.40 0.10 falalal 1.38 0.10 falaal 1.23 0.07 faleal
Tolerance 0.83 0.07 Fkx 0.80 0.07 Fkx 0.72 0.06 Hkx
Bitter -3.08 0.22 falall -2.96 0.17 bl -2.64 0.14 falaal
Sweet -0.03 0.04 -0.03 0.05 -0.01 0.04
Standard Deviations
ASC 1.22 0.12 faledal 1.23 0.10 falaal 1.19 0.10 Hkx
Yield 0.39 0.04 falall 0.39 0.04 bl 0.36 0.03 bl
Maturation period -0.14 0.05 folalel -0.15 0.07 ** -0.19 0.04 bl
Large grain 0.55 0.11 faleial 0.41 0.10 Fkx 0.52 0.08 Fkx
Resistance -0.21 0.16 -0.29 0.11 bl 0.19 0.28
Tolerance 0.06 0.08 0.11 0.10 0.19 0.12
Bitter 1.82 0.19 falelal 1.75 0.15 faleal 1.49 0.11 falaal
Sweet 0.07 0.11 0.01 0.23 -0.08 0.09
Tau -0.60 0.09 falakol 0.57 0.08 falalal 0.35 0.08 kel
Gamma -0.24 0.18
Observations 16488 16488 16488
Chi squared 343.11 465.41 817.56
p-value 0.00 0.00 0.00
Log likelihood -4452.19 -4444 .82 -4464.48
AlC 8942.378 8925.647 8964.966
BIC 9088.875 9064.434 9103.753

Note: * p < 0.1, ** p < 0.05, *** p < 0.01
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