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Abstract

The quinoa (Chenopodium quinoa Willd.), is a pseudocereal that has been cultivated in the Andean region in South America
and especially in Nariiio, Colombia. The quinoa has a great potential in the improvement of food for humans and animals.
1Its importance could be due to the quality of its proteins, the content and balance of its amino acids. The objective was to
determine the factors that affect quinoa adoption, by using the model innovation-decision process (Rogers 2003) which
structured and evaluated following parameters. level of consumption, use in animal feed, quinoa related to profitability and
expectations with the improvement of quinoa. The results of the survey indicated that high proportion of small farmers know
the quinoa crop, but only a short time (16 years ago), this could be the main reason of the a low consumption and low quinoa
production. Low proportion of farmers (20%) has used quinoa in animal feed so we could consider them as the Innovators
and early Adopters according to Innovation Adoption Curve categories of Rogers (2003).

Due to knowledge of quinoa from previous state projects there is a good potential adoption to innovate food production.

Quinoa has a good nutritional content, the availability of adequate agricultural conditions and broad varieties.
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INTRODUCTION

Traditionally Colombian’s livestock farming is the
country’s’ basic industry, one which does not guarantee a
sustainable production, especially in the local population
(Andean region). The reason for this is the dependency
on imported cereals. Quinoa has great potential for pro-
duction and food security (Bhargava et al.,2006; FAO,
2010; Koziol, 1993) in the Andean regions (Cardozo et
al.,1979; Ceron, 2000). Its status as an indigenous crop,
characterizes it as easy to produce in the Andean region
for its adaptability to different agro-climatic environ-
ments, which is an agronomic advantage over any crop
introduced (Del Castillo et al., 2007; Montoya and Roa,
1985). However, in Colombian foodstuff production of
monogastrics, specifically poultry production systems,
the feeding is exclusively on diets based on cereals and
soybeans (Ly, 1993). This affects the production costs es-
pecially in the feeding (Rosero et al., 2008). Therefore,
it is necessary for Colombia to develop economically
feasible and sustainable production systems in order to
upgrade tropical poultry. The study explores the low up-
take of quinoa by-products for livestock feed among lo-
cal farming communities in Colombia, utilizing core ele-
ments of the original innovation diffusion theory (Won-

glimpiyarat and Yuberkb, 2005; Rogers, 2003; Sunding
and Zilberman, 2000). The knowledge of having the qui-
noa by-products as a possibility is affected by its relative
invisibility of quinoas’ potential among people. To our
knowledge, there have been no studies which examine
perceptions of quinoa products by the farmers thus af-
fecting the stated adoption of quinoa.

The local technological capability and indigenous
knowledge can contribute significantly to the process
of adaptive improvement (Uddin, 2006) and also the
mechanism of conservation of local crop and the con-
servation of natural sources. Ways and methods to bring
this knowledge, innovation and adoption (Rogers, 2003;
Au and Enderwick, 2000) of a native crop can be brought
through the knowledge of the quality of food products
scientifically proven, establishing that within the pro-
duction chain of quinoa cultivation there are not only
economic benefits but also food security (Mendoza,
1993; MADR, 2010) from the availability of grain and
indirectly from chicken meat production for family con-
sumption. The present investigation was developed with
the objective of determining the capacities of farmers to
adopt quinoa grain as a potential feedstuff, through the
determination of the factors that affected quinoa adop-
tion, the state of farmer knowledge about the quinoa pro-
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duction and the social and economic factors that impact
the stated adoption

MATERIALS AND METHODS
Localization

The survey of quinoa crops come from the Munici-
palities of Cumbal, Iles, Carlosama, Aldana, Cordoba,
Ipiales and Pasto; of the Narifio department in Colom-
bia. The Narifio department is located at 4° 35” 56. 57"
latitude and 74° 4° 51. 30" longitude West of Greenwich
meridian, average altitude 2800 m above the sea level, a
mean temperature of 10-15°C and an annual precipita-
tion of 932 mm, in Andes Region (IGAC, 2009).

Survey: Adoption and perception of quinoa cultiva-
tion in Colombia

The model of survey was constructed according to
constraints described for Feder et al. (1985). The body of
survey had four sections: Section I: Level of consump-
tion; Section II: Use in animal feed; Section III: Quinoa
related to profitability; Section I'V: Expectations with the
improvement of quinoa.

Population survey

The survey was conducted among 430 randomly se-
lected farmers in Narifio department. The farmers are
peasants and are part of the native population that belong
to “Pueblo de Pastos”. The survey of semi-structured in-
terviews were performed, from which study participants
were asked the following core questions regarding qui-
noa production and the understanding of supplementa-
tion of animal feed processes. The questions were formu-
lated to generate descriptive narrations while lowering
the possibility of enumerator input or bias. The survey
was developed in the period of 10 December 2009 to
January 10, 2010.

Application of model of the innovation-decision
process

The conceptual model for this study is a modification
of the innovation-decision process which comprises of
six stages: problem definition, research (basic and ap-
plied), development, commercialization, adoption and
diffusion, and consequences (Rogers, 2003; Stone-
man, 2002), because were complementary part of gen-
eral process, which consisted with a traditional adoption
study were developed 10 year ago for Colombian gov-

ernment (Corredor 2005). Since a farmer could receive
satisfaction from the perceived nutritional, economic
and environmental benefits of quinoa, this model was
based on utility maximization.

The responses of 4 categories (Level of consumption,
use of quinoa in animal feed, quinoa related to profit-
ability, expected with the improvement of quinoa) were
regrouped into quinoa attributes, farm attributes and out-
side influences.

Level of consumption: In this category were the fol-
lowing: the time knowledge, profitability and quinoa
quality effect. Farmers were asked to rank their opinions
about four statements of quinoa characteristics on which,
how many (kg), and why. The statements were: for time
(long-time, medium time, short time and nothing); pro-
duction, consume, sold and feedstuff for animal (high,
means, low, nothing,).

Time knowledge: This means whether the farmer per-
ceives the practice as time knowledge of quinoa or not.
Time knowledge is related to relative advantage since
“capacity adoption”, but it may also be associated with
the traditional of the practice. Responses that view qui-
noa as time consuming are expected to be negatively cor-
related with quinoa adoption.

Quinoa quality effect: This measures the farmer*s per-
ception that quinoa improves feed quality, as taste or
nutritive benefits of quinoa related to the relative advan-
tage nutritious compound (Gonzalez et al., 1989; Ogung-
benle, 2003). Farmers who think that quinoa improves
feed quality are expected to be positively correlated with
quinoa adoption.

Use of quinoa in animal feed: Species: identifies the
types of species the farm produces. This variable captures
the compatibility of quinoa with the farm. It is expected
that non-ruminant species, such as swine, broilers and
other non-ruminants, are positively correlated with quinoa
use. Ruminants are expected to be negatively correlated
with quinoa use. Non-ruminants are expected to be nega-
tively correlated with farmers who do not know if quinoa
is used since quinoa is applicable to non-ruminants only.

QOutside influences: These variables measure the in-
fluence of outsiders on the agricultural production deci-
sions of the farm. The aspects evaluated in this variable
were: Institutional cooperation and natural conserva-
tion sources. Responses on quinoa varieties (the NRC
actions), institutions cooperation’s and consumers gave
variable response.

Natural resource conservation: This measures how
much influence the natural resource conservation has on
the farm. It is expected that farms with more influence
from the NRC are going to be more likely quinoa users be-
cause they are considered to have more important genetic

309



AGRICULTURA TROPICA ET SUBTROPICA

VOL. 43 (4) 2010

resources for conservation biodiversity of the native crops
produced in Andeans region in South America (Mujica et
al. 2001; Corredor, 2003; Christensen et al., 2007).

Statistical analysis

The categories were rated on a five-point Likert scale (5
= strongly agree, 4 = agree, 3 = indifferent, 2 = disagree,
1 = strongly disagree) with a no non-response variable
(Likert, 1974; Hosseini et al., 2009; Ryan and Garland,
1999). Schnettler et al. (2009) mentioned that to Kinnear
et al. who used a Likert scale with five levels (5 = very
useful, 4 = useful, 3 = indifferent, 2 = not very useful, 1
= not useful at all) for subjects to indicate the assigned
utility to eight different types of information. For this rea-
son it was used in each variable and the statements were:
for time (Very long, long-time, medium- short time and
nothing); production, consumption, price, sold and feed-
stuff for animal (very high, high, means, low, nothing)
and area of crop (nothing, small, medium and large very
large) and the capacities of adoption were established us-
ing the Innovation Adoption Curve categories (Rogers,
2003): innovators (2.5%), early Adopters (13.5%), early
Majority (34%), late Majority (34%) and laggards (16%).

The statistical analysis of the results was analyzed with
descriptive statistics as means and standard deviation, fre-
quency histogram, and statistical analyse were used the
test of Kruskall-Wallis and correlations using Minitab 15
(Minitab, Inc., in the United States) Statistical software.

RESULTS

According to the five-level Likert scale (Table 1) the
different themes of information on level of consump-

tion presented values higher proportion of farmers,
who had low acceptation (2) more 50% of producers
than in the total sample, however corresponds to levels
of high utility for consumption. And quinoa related to
profitability low level of utility was given to region (40
farmers). The level of consumption and quinoa related
to profitability the results indicated that 98% of small
farmers know the quinoa crop, 70% of this 98% farm-
ers knew of quinoa for a short time (16 years ago), the
recent knowledge of quinoa was the main reason for
53.5% of the farmers to have a low consumption (2).
In the profitability, the major production range was be-
tween 525 to 700 kg, however this was only represented
in 0.5% of farmers, the major percentage of farmers
44.2 % that did produce had a low quinoa production
(1-175 kg) and that production was not sold (37% of
farmers) because it was used as self supply. This factor
showed significant differences (P < 0.05) using the test
of Kruscall-Wallis. According to Rogers (2003), the re-
sults indicated that a high proportion of farmers were
own adoption curve categories innovators (2.5%) and
early adopters (13.5%).

In the five-level Likert scale the different themes of
information on level of consumption presented the low-
est utility were for use in animal feed. The use of quinoa
in animal feed, only 20% of farmers have used quinoa
in animal feed indicating the low level of adoption, 78%
of farmers did not use it. The species fed with quinoa
were chickens and guinea pigs, 9% of farmers have used
quinoa to feed chickens and 2% of them to feed guinea
pigs, sheep and cow. The proportion of quinoa supplied
in the animals diet had a low level (1 to 2.5 kg) for 4.5%
of farmers, followed by 2.3% of farmers who used from
2.5 to 5 kg of quinoa and a high level (7.5 to 10 kg) was
used in 1.4% of farmers (Figure 1).

Tab. 1: Likert-scale applied to 7 statements that pertained to the characteristics of production, use and profitability as

regards the acceptance of the quinoa crop.

Perception statement 1 2 3 4 5
1. Level of consumption

since when you have quinoa crops or know (years) 10 300 40 40 40
planting area (acres/meters square) 50 360 10 0 10
quinoa crop production (kg) 220 190 12 6 2
That amount of quinoa is reserved for family consumption (kg) 170 230 10 10 10
2. Use in animal feed

Amounts of quinoa has been used as fed (kg) 392 20 10 2 6
3. Quinoa related to profitability

Quantity of quinoa to sold (kg) 379 40 10 0 1
Price per kg $ 290 10 60 10 60
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Figure 1: Quinoa production with relation to use
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The expected with the improvement of quinoa, the
results found showed that in the region of Narifio there
is an outside influence especially from governmental in-
stitutions. However a high proportion of farmers (80%)
ignore the existence of institutions that incentive the pro-
motion of quinoa crop. Natural resource conservation,
which is very important in Andean populations, 48% of
the population know varieties of quinoa.

DISCUSSION

The level of consumption and the farmer’s response to
the knowledge of quinoa was because they cultivated or
consumed it. However this knowledge only corresponds
to a short period of time, between 1-16 years, and this
result indicated that despite of being a native crop, over
the past 60 years it has been forgotten. According to the
five-level Likert scale the different themes of informa-
tion on level of consumption presented values of a higher
proportion of farmers who had low adoption (2) more
than 50% of producers than in the total sample. But this
shows a large potential for growth in quinoa production
in the future. Among the themes with the lowest utility
were those for use in animal feed and quinoa related to
profitability. A low level of utility was given to region
(40 farmers).

Nevertheless since this last decade there has been a
reactivation of the cultivation of quinoa as a result of
the project “Quinoa as a multipurpose crop for agro-in-
dustrial uses in Andean countries”. This project began
in August 2002, with the objective to help create ad-
ditional revenue opportunities for small-scale Andean
farmers, small businesses and national industry. This
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also took advantage of the great diversity of the quinoa
germplasm (Corredor, 2003). The process was initiated
in some departments such as Cundinamarca, Boyaca,
Cauca and Narino, which had an agro-alimentary chain
using priority crops (DPN, 2007). This means that it can
help the recovery and promotion of native or local crops
as a part of a strategy of community welfare and food
security (Moreno, 1993; FAO, 1995) and as a new food-
stuffs, which helps to improve the diet and is conducive
to a healthier state of the population (Jancurova et al.,
2009). Around half of the farmers consumed quinoa as
food for their family, although is low. This pseudocer-
eal is important in the Andean regions due to its similar
conditions in Boyaca, Cundinamarca y Narifio, because
they are promising crops for organic farming production
(DNP, 2007). With this research it was established that
consumer populations are guided by the nutritional prec-
edent which is vital for widespread adoption of farming
and increased production rather than considering the
potential and history of the Andean largest producing
countries like Ecuador, Bolivia (Del Castillo et al., 2008)
and Peru (Mujica et al., 2003). Although quinoa has been
grown as an alternative crop with environmental condi-
tions, traditional economy and nutritional factors, espe-
cially in the areas with indigenous populations where
quinoa was their ancestral crop, where the women play
a key role in this process because it is them who know
the different materials and their culinary and nutritional
benefits (Reyes and Corredor, 1999).

When quinoa was related to profitability it showed that
commercial production was the principal objective the
economic advantages. However, even the small farm-
ers were unable to establish the cultivation of quinoa as
a primary crop, hence their production is low. The low
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production is due to the fact that it has been associated
with other crops which are generally used for self-con-
sumption. Thus a largest proportion of farmers do not
sell the quinoa because it is the subsistence crop and the
tendency of the use of grain for family consumption re-
flects the lack of information concerning market prices
of quinoa. The low quantities sold are distributed for the
local population and a very small amount is exported
from Colombia to Ecuador and Peru, but they are not
registered. According to the latter situation the area of
cultivation has been increased in Narifio Department
(Corredor, 2005) and its goals were improve nutritional
conditions of producers (Mendoza, 1993; MADR, 2010).
DPN (2007) determined some characteristics as advan-
tages: suitable land, different thermal levels and when
more than 50% of population lives in rural zone having
as their main economic activity the agriculture. Howev-
er, it is necessary that quinoa production has a commer-
cial purpose. There are two issues that are essential for
a correct understanding of its identity: (1) the business
model of producer organisations in developing countries,
(2) the development of approaches to help small produc-
ers strengthen their position in domestic markets (Ton
and Bijman, 2006; FAO, 2010). Therefore advances in
research and a gradual market acceptance permit a se-
lection to be made of those Andean crops that have an
immediate chance of being saved for food use regionally
and worldwide (FAO, 1995).

The leaves or stems of quinoa used in animal feed
(the quantities formerly given in kg) were not precisely
recorded by the farmer and therefore these are approx-
imations. To analyse its use in animal feed, with the
purpose of understanding the potential of using its by-
products in animal feeds, specific questions were made
over the use of quinoa grain and/or plant parts. Cardozo
and Tapia (1979) mentioned that although the main ob-
jective in the cultivation of quinoa is the production of
grain for human consumption, it has been considered a
second-class grain from the by-products of a crop that
can be used in feeding poultry, pigs and cattle in special
conditions. In Narifio some companies (Molinos San
Fernando) that process manufactured quinoa products,
generate by-products (hulls, small grains or pieces)
which are destroyed, because their potential uses are
ignored.

Sweet and bitter quinoa were when feeding chickens.
The quinoa base (30%) had no reported negative effects
on performance in weight. However, higher levels of bit-
ter quinoa (with saponin) have been reported to cause
a deficiency of vitamin A (Ward, 2000). Other experi-
mental studies have been conducted on the use of quinoa
in feed for chickens (Jacobsen et al., 1997; Improta and
Kellems, 2001; Munoz, 1980); pigs (Cardozo and Tapia,

1979; van der Peet-schwering et al., 2006), yielding ex-
cellent results. However, at farms not used, the first rea-
son is the lack of knowledge of quinoa use. The second
reason is that at the level of household consumption, the
grain produces digestive disorders and some fear that
animals would suffer from similar effects. Some studies
in infant quinoa food found modestly lower iron absorp-
tion (Cook et al., 1997) which can be due to antinutrients
(Chauhan et al., 1992)

There are important facilitators such as institutional
and production organisations, experienced with Bolivian
quinoa production. They were established by exploiting
economies of scale and reducing transaction costs, thus
allowing the production organisations to improve the ef-
ficiency and efficacy of agri-food supply chains (Ton and
Bijman, 2006). However it is a long process. Even coun-
tries like Bolivia, which is the largest producer, have
flaws in its production. Soto et al. (2006) affirmed that
Bolivia’s agricultural sector is characterized by insuffi-
cient use of advanced knowledge and technology in pro-
duction and processing, despite the continuous efforts of
public and semi-public research and extension of agen-
cies and development co-operations.

Natural resource conservation for the survival of An-
dean crops has been due, until now, to the existence of
numerous natives and peasant communities which still
inhabit the area and which by preserving their traditions
and their ancestral knowledge of handling quinoa, as
well as cultivating and using these species have managed
to prevent them from being lost. Nevertheless there is
the existence of several phenotypic characteristics, sug-
gesting the existence of considerable genetic diversity.
According to McElhinny et al. (2007) and Delgado et
al. (2009), found that the farmers’ field selection crite-
ria for quinoa in the field were mostly based on yield,
earliness and plant colour. As well as breeders’ measure-
ments of yield and panicle height significantly correlated
to farmer selection scores. The study allows the co-op-
eration of natives and local communities and has sought
the conservation of natural resources (FAO, 1995). This
was achieved by the natural conservation resources of
the Narifio regions using mechanisms of conservation,
the use of quinoa as genetic resources, and its an essen-
tial native crop for the sustainability of future production
of natives communities. Through collecting expeditions
(IBPGR, INIAP, UNAL) in Colombia, Ecuador, Peru and
Bolivia samples have been obtained showing the vari-
ability of Andean crops and have ensured the conserva-
tion of a high percentage of genetic material (Corredor,
2005). Of equal importance has been the compilation of
descriptions of the main Andean species, done with the
help of FAO’s Seed and Plant Genetic Resources (FAO,
1995).
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CONCLUSION

The advancement of sustainable agriculture in devel-
oping countries depends largely on the application of
scientific information. The producer requires specific
solutions. There is a good potential of quinoa adoption
that will enable farmers to innovate food and feed pro-
duction, due to its knowledge, addition of quinoa by-
products in animal diet and broad varieties of quinoa.
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