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Abstract: Potato is a traditional and economically important crop for farmers in the high mountains of Nariño
(Colombia). However, its productivity growth is weakening, injuring farmers’ livelihoods. We hypothesize that
an in-depth study of farm typologies and their relationship with productive efficiency could prove helpful in
delivering recommendations for sector improvement. With a representative sample of 1,018 farmers, this
research used cluster methods to identify representative types of farming and then a stochastic frontier model
to build a measure of potato production efficiency. Finally, it analyzed how technical efficiency behaves across
the calculated types of farming. Results suggested that four kinds of farming describe potato production in
Nariño: micro, small, medium, and large-scale. Most farmers are of the micro (71.8 %) and small scale (23.8 %),
and their conditions are unfavorable in terms of access to technical assistance, credit, and improved production
practices. Although these farmers report an average efficiency of 79 % and 85 %, respectively, there is still an
opportunity for improvement. We close with a brief discussion that focuses on suggestions for future policy
or research advances around these farmers.
Keywords: econometric analysis, hierarchical cluster, potato production, Solanum toberosum, stochastic frontier
model.
Resumen: La papa es un cultivo de tradición y relevancia económica para los agricultores de montaña en
Nariño (Colombia). Sin embargo, el crecimiento de su producción reporta un aparente estancamiento, lo cual
podría poner en riesgo a los productores paperos. Un estudio a profundidad de las tipologías de producción
y su conexión con la eficiencia productiva pueden ser clave para brindar recomendaciones con base en la
evidencia. Partiendo de una muestra representativa de 1018 paperos, esta investigación usa métodos de clúster
para identificar tipologías de hogares productores, para luego ajustar una frontera estocástica que permite crear
una medida de eficiencia técnica. Por últimos, se analizó la forma en que la eficiencia técnica varía a través de
las tipologías identificadas. Los resultados mostraron que cuatro tipos de producción describen a los paperos
de Nariño: micro, pequeños, medianos y grandes productores. La mayoría de estos son de escala micro
(71,8 %) y pequeña (23,8 %), y sus condiciones son desfavorables en lo que respecta a acceso a asistencia
técnica, crédito y adopción de prácticas agronómicas mejoradas. Aunque estos productores presentan niveles
medios de eficiencia de 79 % y 85 %, respectivamente, aún hay posibilidades de mejora. El documento cierra
con una breve discusión que se enfoca en sugerir futuros trabajos de investigación o política alrededor de estos
productores.
Palabras clave: Análisis econométrico, clúster jerárquico, modelo de frontera estocástica, producción de la
papa, Solanum toberosum.
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Introduction
Potato (Solanum tuberosum) is an essential crop for food security and the economic sustainability
of several agricultural households worldwide (Campos & Ortiz, 2019), especially in the Nariño
province, Colombia, where it is one of the three most important crops, along with coffee and
plantain. Based on official data from the Colombian government, reported through Municipal
Agricultural Assessments (Ministerio de Agricultura y Desarrollo Rural [MADR], 2020), we
calculate that between 2007 and 2019, the total national production of potato grew at an average
yearly rate of 2.4 % for first half cycles and 3.3 % on second halves (Supplementary materials, Table
SM1). Meanwhile, the total harvested area increased at average yearly rates of 0.5 % and 1.4 %
for the first and second halves, respectively. Nariño shows different patterns, with higher
productivity growth rates during the first half seasons (2.9 % compared to 1.9 %), and more
significant acreage growth rates than the national trend, with an annual 2.4 % for first and 1.6 %
for second halves.
Furthermore, such different patterns between Nariño and the rest of Colombia are reflected in
yield trends. During these 13 years, the overall national yield of potatoes grew at a rate of 1.8–
1.9 %, while in Nariño, it had an average growth of 0.4–0.5 %, although such growth does not
appear to be statistically significant. In comparison, while the national potato yield went from
19.59 to 22.81 tons per hectare, Nariño went from 18.74 to 20.35 in the same metric. Hence,
since the increase is statistically insignificant (SM, Table SM1), Nariño is not catching up with
the national trend. Moreover, as prices perceived by farmers are becoming relatively steady (SM,
Figure SM1), potato farmers in Nariño are in a likely urgent need to find either means to increase
their productivity (and thus remain competitive) or means to change their agricultural and
commercial practices to access (or create) high-value markets (Martinez-Delgado et al., 2014).
Otherwise, their limited competitiveness will vulnerate their livelihoods in both the short and
long run.
Miranda (2010) provides a thorough qualitative characterization of potato production in Nariño.
Her findings suggest that production fits a traditional structure in developing countries;
production units are passed down from one generation to the following, with relatively steady
practices regarding input use and labor allocation, which explains why yields remain considerably
low. Furthermore, the results of Miranda (2010) highlight how the technological capacities of
these farmers are minimal. For example, machinery used for soil preparation and harvesting is
scarce. As these practices are labor-intensive, and a lack of mechanization can negatively affect
effective plot productivity and final exploitation, there is a clear need to improve capacities.
Policy and research efforts should be in place to provide sustainable mechanisms that help
improve farmers’ capabilities and means of living.
Although technology transfer could promote much-needed changes, is it enough to deliver the
necessary transformation? Unfortunately, attempts to transfer technology to farmers may not
imply results as good as suggested by experimental trials (Laajaj et al., 2020), nor as good as
desired by policymakers. The literature provides evidence on how technology adoption can be
successful when farmers learn about it either by experimenting with it themselves or learning
from others (Conley & Udry, 2010; Foster & Rosenzweig, 1995). Nonetheless, it is also apparent
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that its final impact is exceptionally constrained in developing countries (Magruder, 2018).
Market imperfections are usually considered the most relevant cause in differences between
expected and observed changes from technology adoption. However, a new growing body of
literature suggests that differences between controlled experimental trials and real-life farming
conditions and adoption patterns could be better determinants (Abate et al., 2018; Dar et al.,
2013; Laajaj et al., 2020). The latter, along with the need to understand how and on what
dimensions the potato production system of Nariño can be improved, further motivates our
research.
One standard approach to exploring agricultural production systems’ structure is the stochastic
frontier analysis (Kumbhakar & Lovell, 2000). This method models the relationship between
observed outputs with inputs and associated practices and defines a frontier (i.e., an optimum)
to determine how efficiently individuals perform within a sample (or population) of interest. For
example, if the average efficiency is said to be 50 %, this means that the average farmer would
only get half of what they could get in their production system. The literature is vast, but it is
worth highlighting some works that take a particular focus on potato farming. Melesse and
Ahmed (2015) make a comparative analysis of the productive efficiency of potato farmers in
Ethiopia, capturing the differences between efficiency levels of irrigated and rainfed systems.
Beyond the considerable differences in this metric, the authors emphasize that it will be crucial
to meet better the needs of rainfed-based farming households, which are at a clear disadvantage
when entering the market.
In another work in Ethiopia, Wassihun et al. (2019) find that the average efficiency level among
potato farmers in the Amhara State is 46 %; there is plenty of room for improvement. Moreover,
the authors reveal that animal-powered soil preparation, fertilization, and the quantities of seeds
used when establishing the crop are significant drivers of improved outputs. Focused on Irish
potato farmers in Kenya, the analysis by Nyagaka et al. (2009) indicates that the average efficiency
of farmers is also low (around 39 %) and that there exist decreasing returns to the scale of
production. Nevertheless, evidence suggested that education and membership to farmers’
associations positively relate to efficiency; thus, improvements towards farmers’ connectedness
and access to education could boost production returns. Similar results were found in
Bangladesh by Hossain et al. (2008). Despite a higher average efficiency among potato farmers
(75 %), they also suggest that investments in extension linkage and increasing seed use levels can
significantly drive achievable production.
This research attempts to identify the most relevant attributes that a technology transfer program
should include to increase the odds of successfully creating impact. The first goal of this study
was to identify types of farmers that describe the production of potatoes in Nariño based on
relevant socioeconomic and technical attributes, arguing how this kind of information can better
help construct successful technology transfer efforts. As a second goal, we aimed to build a
measure of technical efficiency across potato farms in Nariño to compare how it differs among
types of farmers identified from the first objective. Both are valuable sources of information for
policymakers looking to strengthen, from the bottom up, the potato sector of Nariño.
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Materials and methods
This study relied on a representative sample of 1,018 farm households in Nariño. Participants
were interviewed during the first half of 2016 and provided detailed information via a structured
survey. The sample size was determined by simple random sampling (Levy & Lemeshow, 2008),
based on an estimated population of 16,861 potato farming households, a confidence level of
98 %, and an accepted error margin of 2 %. These figures were based on information provided
by the Departmental Government of Nariño, which also helped determine the collection area
to achieve data representativity at the department level. Different from the available farm-level
anonymized micro-data from the 2014 Agricultural Census, this survey allowed collecting
detailed information on specific agricultural practices for potato farming at the plot level, as well
as socioeconomic and family-related information. To our knowledge, this sample is the single
department-level representative source of information about potato production available in
Colombia.
Clustering data to identify types of farmers with statistically common attributes (Bartholomew
et al., 2008) is a standard practice in descriptive and analytic agriculture studies in Colombia, with
known examples in crops such as lulo (Solanum quitoense) (Gallego et al., 2004) and cacao
(Theobroma cacao) (Mantilla-Blanco et al., 2000). To this end, this paper followed Ward’s linkage
approach. This hierarchical method repeatedly identified groups of mutually exclusive subsets
of observations based on their attributes’ (dis)similarity (Ward, 1963). To build a more robust
analysis, technical variables that capture or directly affect the performance of potato farmers
were used, namely: mechanization of labor (manual, mixed, mechanical), the elevation of the
farm, farm size, area dedicated to potato crops, irrigation, and overall production. In addition,
we included various socioeconomic variables that could indirectly affect productive outcomes:
household size, age of the household head, monthly household income, type of farm labor used
(hired, paid family labor, or unpaid family labor), access to technical assistance and credit,
household size, multidimensional poverty index, and household’s cultural self-identification
(peasant, indigenous, mestizo, or none). Finally, by analyzing the dendrogram structure produced
by the adjusted dissimilarity measure (Ward, 1963), we determined the most suitable number of
groups representing the types of potato farmers in Nariño.
A stochastic frontier model (Aigner et al., 1977; Meeusen & van den Broeck, 1977) was adjusted
for potato production at the plot level to build a measure of technical efficiency. This stochastic
frontier was adjusted for the whole sample, allowing us to compare an efficiency index across
types of farmers detected in clustering. We followed a Cobb-Douglas production function
(Greene, 2012; Nicholson & Snyder, 2012), adjusting it for production at a plot level 𝑗 for a farm
𝑖, where the theoretical model is:
𝛽

𝛿

𝐻
𝑘
ℎ
𝑞𝑖𝑗 = 𝐴 ∏𝐾
𝑘=1 𝑥𝑖𝑗𝑘 ∏ℎ=1 𝑑𝑖ℎ

(1)

such that 𝑞𝑖𝑗 is the production (kg) of potato of plot 𝑖 at the farm household 𝑗, which is
determined by technical factors at the plot-level (𝑥𝑖𝑗𝑘 ) and at the farm level (𝑑𝑖ℎ ). Also, there is
a random shock 𝐴 that follows:
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(2)

𝐴 = exp(𝛽𝑜 + 𝜀𝑖𝑗 ) = exp(𝛽𝑜 + 𝜐𝑖𝑗 − 𝑢𝑖𝑗 )

with 𝜀𝑖𝑗 being a composite error. It was assumed that 𝜀𝑖𝑗 is made of an independently and
identically distributed (iid) error 𝜐𝑖𝑗 , and a non-negative measure of inefficiency 𝑢𝑖𝑗 , independent
of productive technical factors since they are already included as explanatory variables.
Therefore, taking logs in (1) the model yielded
𝐻
ln(𝑞𝑖𝑗 ) = 𝛽0 + ∑𝐾
𝑘=1 𝛽𝑘 ln(𝑥𝑖𝑗𝑘 ) + ∑ℎ=1 𝛿ℎ ln(𝑑𝑖ℎ ) + 𝜐𝑖𝑗 − 𝑢𝑖𝑗 .

(3)

Note that binary regressors can be added into a final empirical specification, assuming 𝑑𝑖ℎ =
exp(𝑏𝑖ℎ ), where 𝑏𝑖ℎ is a binary covariate; these are commonly known as frontier shifters (e.g., see
Centorrino et al., 2021). The covariates used to econometrically model potato’s stochastic
frontier production function and its variance are summarized in table 1; categorical covariates
were split into binary variables, omitting a base category.
Table 1. Variables used in the stochastic frontier regression model to estimate productive
technical efficiency of potato farmers. Nariño, Southwest Colombia, 2016.
Variable
log-log-Quantity of seeds used
Herbicides used to prepare the plot

Expression
ln(𝑆𝑄𝑖𝑗 )
𝐻𝑒𝑟𝑏𝑖𝑗

Type
Numeric
Binary

Soil preparation

𝑆𝑜𝑖𝑙𝑃𝑟𝑒𝑝𝑖𝑗

Qualitative

Workforce for soil preparation

𝑆𝑜𝑖𝑙𝑃𝑟𝑒𝑝𝑊𝐹𝑖𝑗 Qualitative

Label values
N/A
(0) No, (1) Yes.
(1) Ploughed once, (2) Ploughed
twice or more, (3) Furrows
(animal traction), (4) Harrowed
and plowed [Guachado], (5) Other.
(1) Manual, (2) Improved manual
or
animal
traction,
(3)
Mechanical, (4) Other.

Soil analysis for the plot (within the
𝑆𝑜𝑖𝑙𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑖𝑗 Binary
last two years)

(0) No, (1) Yes.

Groove orientation

Qualitative

(1) With the slope, (2) Against the
slope, (3) Diagonal, (4) Level
curves, (5) Other.

Binary

(0) No, (1) Yes.

Lime products used for soil
preparation

Potato variety used in the plot

Irrigation system in the plot

𝐺𝑂𝑖𝑗
𝐿𝑖𝑚𝑒𝑖𝑗

𝑉𝑎𝑟𝑖𝑒𝑡𝑦𝑖𝑗

𝐼𝑟𝑟𝑖𝑔𝑖𝑗
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Qualitative

Binary

(1) Capiro, (2) Suprema, (3)
Unica, (4) Criolla, (5) Betina, (6)
Superior, (7) Parda, (8) Bilingüé,
(9) Morasurco, (10) Roja Huila,
(11) Mambera, (12) Nevada, (13)
Other.
(0) No, (1) Yes.
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log-Plot area
log-Total person-days used last
season
Chemical soil fertilizers used at the
farm level
Chemical foliar fertilizers used at
the farm level
Organic fertilizers used at the farm
level
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ln(𝐴𝑟𝑒𝑎𝑃𝑖𝑗 )

Numeric

N/A

ln(𝑀𝐷𝑗 )

Numeric

N/A

𝐶ℎ𝑒𝑚𝑆𝐹𝑗

Binary

(0) No, (1) Yes.

𝐶ℎ𝑒𝑚𝐹𝐹𝑗

Binary

(0) No, (1) Yes.

𝑂𝑟𝑔𝐹𝑗

Binary

(0) No, (1) Yes.
(1) Low (<10 appl.), (2) Medium
(10-15 appl.), (3) High (>15
appl.), (4) Other.

Intensity of preventive treatment
applications

𝑃𝑟𝑒𝑣𝑗

Qualitative

Share of certified potato seeds

𝑆𝐶𝑆𝑗

Numeric /
N/A
Percentage

Source: Elaborated by the authors.
More specifically, the final expression for our stochastic frontier model was set as:
𝑙𝑛(𝑞𝑖𝑗 ) = 𝛽0 + 𝛽1 ln(𝑆𝑄𝑖𝑗 ) + 𝛽2 𝑙𝑛(𝐴𝑟𝑒𝑎𝑃𝑖𝑗 ) + 𝛽3 𝐻𝑒𝑟𝑏𝑖𝑗 + 𝛿1 𝑙𝑛(𝑀𝐷𝑗 ) + 𝛿2 𝐶ℎ𝑒𝑚𝑆𝐹𝑗 +
𝛿3 𝐶ℎ𝑒𝑚𝐹𝐹𝑗 + 𝛿4 𝑂𝑟𝑔𝐹𝑗 + 𝛿5′ 𝑃𝑟𝑒𝑣𝑗 + 𝛿6 𝑆𝐶𝑆𝑗 + 𝜐𝑖𝑗 − 𝑢𝑖𝑗 ,
(4)
while the variance of the technical inefficiency measure was defined as a linear function of
additional technical covariates:
𝑉𝑎𝑟(𝑢𝑖𝑗 |𝑋) = 𝛼0 + 𝜶1′ 𝑆𝑜𝑖𝑙𝑃𝑟𝑒𝑝𝑖𝑗 + 𝜶′2 𝑆𝑜𝑖𝑙𝑃𝑟𝑒𝑝𝑊𝐹𝑖𝑗 + 𝛼3 𝑆𝑜𝑖𝑙𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑖𝑗 + 𝜶′4 𝐺𝑂𝑖𝑗 +
𝛼5 𝐿𝑖𝑚𝑒𝑖𝑗 + 𝜶′6 𝐶𝑟𝑜𝑝𝑉𝑎𝑟𝑖𝑗 + 𝛼7 𝐼𝑟𝑟𝑖𝑔𝑖𝑗 + 𝜂2 𝑆𝐶𝑆𝑗 + 𝜁𝑖𝑗
(5)
with 𝜁𝑖𝑗 an iid random shock.
Since 𝜐 and 𝑢 are independent, then the probability density function of 𝜀 is expressed as mixed
density (Belotti et al., 2013):
+∞

𝑓𝜀 (𝜀𝑖𝑗 ) = ∫0

𝑓𝑢 (𝑢𝑖𝑗 )𝑓𝜐 (𝜀𝑖𝑗 + 𝑢𝑖𝑗 ) d𝑢𝑖𝑗 ,

(6)

so that the maximum likelihood coefficient estimates for 𝜽 = (𝜷, 𝜹) optimized a target function:
ℓ(𝜽) = ∑𝑖𝑗 log 𝑓𝜀 (𝜀𝑖𝑗 |𝜽),

(7)

where the marginalization of 𝑢, assuming a normal-exponential distribution, provided a closedform that quickly converges to a unique solution (Belotti et al., 2013). Since the theoretical 𝑢 is
a measure of inefficiency, a straightforward index of technical efficiency at the plot-level was:
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𝑇𝑒𝑐ℎ𝐸𝑓𝑓𝑖𝑗 = exp (−Ε(𝑢𝑖𝑗 |𝜀̂𝑖𝑗 )).

(8)

For the final analysis, an ordinary linear regression model was used to determine the correlation
between the overall efficiency measure and the identified types of farmers from the hierarchical
cluster analysis. This approach was helpful to understand better how relevant attributes captured
at the farm level may be related to measures of efficiency at the plot level (i.e., detecting whether
farmers in “better” preliminary conditions were systematically more efficient than those who
were less favored). It is worth highlighting that letting the stochastic frontier be based on the
whole sample allows us to compare the efficiency measures across typologies directly. Estimating
separate models for each typology would prevent explicit comparisons. For example, in such a
case, 80 % of average efficiency in one group and 80 % on another would not tell whether they
are equal or even close since the frontiers would come from different data generating processes.

Results
The average farm is at around 3,040 m a.s.l., with farm sizes ranging between 3.0 and 3.5 ha, and
90-95 % of the land is dedicated exclusively to potato production. Also, these farms report an
average yearly production of 47.6 tons, so the average yield ranges between 13.6 and 15.8 tons
per hectare (table 2). Most of these households do not have access to credit (53 %). Nevertheless,
they have successfully overcome poverty vulnerability (over 77.3 % of the time), and the only
ethnic identification detected in a significant number of cases (24 %) is indigenous (table 3).
Otherwise, households either identify as peasant families (58.8 %) or do not consider that any
specific cultural or ethnic attribute describes them (15 %). The workforce of potato farms is
composed chiefly of paid (52.1 %) and un-paid (37 %) family labor and such works are either
purely manual (44.1 %) or mechanically-aided (49.3 %). Use of technical assistance is low (26 %),
as most households have low or no access to it (jointly, they are over 70 % of the sample), and
just over 35 % of them are part of a farmer’s association that provides it.
Table 2. Descriptive statistics of continuous variables used to identify types of potato farmers.
Nariño, Southwest Colombia, 2016.
Continuous variable
Average [S.D.]
Elevation (m a.s.l.)
3,037.9 [171.1]
Farm’s total productive area (ha)
3.3 [4.08]
Farm’s total productive area in potato (ha)
2.9 [3.84]
Overall potato production (kg)
47,684.3 [80,637]
Household size (persons)
4 [1.5]
Age of household head
50.4 [13.1]
Schooling of the spouse (in the household, in
5.3 [3.3]
years)
Total monthly income (COP, adjusted)
45,100,000 [68,400,000]
Source: Elaborated by the authors.
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Table 3. Descriptive statistics of binary and categorical variables used to identify types of potato
farmers. Nariño, Southwest Colombia, 2016.
Categorical variable
Mechanization of labor on potato plots
Farm man-labor (kind)
Technical assistance
Irrigation for potato crops
Access to agricultural assistance services

Answer
Manual
Mixture
Mechanical
Hired
Paid family labor
Unpaid family labor
Yes = 1, No = 0
Yes = 1, No = 0
High
Medium
Low
Inexistent
Yes = 1, No = 0

Access to credit
Part of farmer’s association with technical
Yes = 1, No = 0
assistance
Multidimensional Poverty Index
Not poor
Poor
Keeps record of production costs
Yes = 1, No = 0
Household’s cultural self-identification
Peasant
Indigenous
Mestizo
None
Source: Elaborated by the authors.

%
44.1
6.6
49.3
10.9
52.1
37.0
26.0
19.1
4.0
25.9
53.5
16.6
47.0
35.5
77.3
22.7
18.3
58.8
24.0
2.2
15.0

However, this view of the average farm does not fully reflect the different conditions that may
describe farmers within comparable groups. Hence, detecting the types of farmers and their
attributes gives a sense of group-specific attributes and how those groups describe the overall
potato production system in Nariño. The result of the repetitive hierarchical algorithm of Ward’s
clustering is described in figure 1, with a dashed line indicating the recommended cut-off for the
number of groups (i.e., latest clades above the dashed line) that more efficiently reflect the
variance within the sample. We follow Priegnitz et al. (2019) and Bartholomew et al. (2008) in
defining groups based on dendrogram analysis and test for the difference in all covariates among
groups for robustness (SM, table SM2). Since not all observations in the sample have the
complete set of information for all the variables used in the clustering analysis, the farmer type
was detected for a subsample of 773 farm households. Descriptive statistics by group are
summarized in tables 4 and 5.
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Figure 1. Dendrogram of cluster identification of potato farmer types [G(i) is a typology].
Nariño, Southwest Colombia, 2016.
Source: Elaborated by the authors.
Table 4. Descriptive statistics (mean) of continuous variables among detected typologies of
potato farmers. Nariño, Southwest Colombia, 2016.
Variable
Elevation (m a.s.l.)
Farm’s total productive area (ha)
Farm’s total productive area in
potato (ha)
Overall potato production (kg)
Household size (persons)
Age of household head
Schooling of the spouse (in the
household, in years)
Total monthly income (COP,
adjusted)
Source: Elaborated by the authors.

Group 1
3,017
1.6

Group 2
3,055
4.4

Group 3
3,027
13.9

Group 4
2,983
31.0

1.2

3.9

12.7

31.0

13,016
4
50.0

74,737
4
49.6

275,458
4
48.6

848,325
4
46.5

4.9

5.8

7.8

5.0

16,635,659

68,692,401 246,500,000 583,600,000
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Table 5. Descriptive statistics (percentages) of binary and categorical variables among detected
typologies of potato farmers. Nariño, Southwest Colombia, 2016.
Response
Group 1
Group 2
Mechanization of labor on potato plots
Manual
36.64 %
52.42 %
Mixture
2.67 %
6.45 %
Mechanical
60.69 %
41.13 %
Farm man-labor (kind)
Hired
13.87 %
7.61 %
Paid family labor
54.23 %
44.02 %
Unpaid
family
31.89 %
48.37 %
labor
Technical assistance
Yes
21.62 %
33.15 %
Irrigation for potato crops
Yes
15.5 %
25 %
Access to agricultural assistance services
High
1.8 %
4.35 %
Medium
22.52 %
35.33 %
Low
56.22 %
50.54 %
Inexistent
19.46 %
9.78 %
Access to credit
Yes
43.96 %
53.8 %
Part of farmer’s association with technical assistance
Yes
35.32 %
37.5 %
Multidimensional Poverty Index
Not poor
76.58 %
76.09 %
Poor
23.42 %
23.91 %
Keeps record of production costs
Yes
14.59 %
30.43 %
Household’s cultural self-identification
Peasant
55.86 %
58.15 %
Indigenous
27.75 %
20.11 %
Mestizo
1.98 %
3.8 %
None
14.41 %
17.93 %
Source: Elaborated by the authors.
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Group 3

Group 4

77.27 %
9.09 %
13.64 %

50 %
0%
50 %

0%
46.88 %

0%
50 %

53.12 %

50 %

46.88 %

50 %

34.38 %

0%

9.38 %
40.62 %
25 %
25 %

0%
0%
100 %
0%

56.25 %

50 %

37.5 %

50 %

84.38 %
15.62 %

100 %
0%

28.12 %

50 %

71.88 %
9.38 %
3.12 %
15.62 %

100 %
0%
0%
0%
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Based on the recommended clusters (figure 1), we describe the four potato farmer types in
Nariño, which follow the summarized statistics in tables 4 and 5. Although the name of the
descriptions is tied to the scale of farming, it does not mean that the critical differences observed
in other attributes are discarded; instead, we follow a scale-based definition simply because it
shows the most significant statistical difference.
Micro-scale farmers (n1 = 555). Productive households with an average acreage of 1.6 ha and
a dedication of 1.2 ha to potato production. Their yearly overall potato production is around 13
tons. Their tracking on production costs is severely low (14.5 %), and most of these farmers
have either no direct or low access to technical assistance (75.6 %), nor are part of a farmer’s
associations that can provide it (74.6 %). Also, they are characterized by minimal use of irrigation
systems (15.5 %), and most of them lack access to credit (56 %). Farmers in this section are selfidentified mainly by their race (indigenous or mestizo, combined for 29 % of cases), and one in
four is considered poor.
Small-scale farmers (n2 = 184). Productive households with an average acreage of 4.4 ha and
dedication of roughly 3.9 ha to potato production. Their yearly production of potatoes is around
74.7 tons. A third of them (33.1 %) receive technical assistance, either directly or through
farmer’s associations that can provide it, although most suggest that the access is relatively low
(50.5 %). In this section, most farmers have access to credit services (53.8 %), but now one in
four uses irrigation for their potato crops. The self-identification as indigenous or mestizo ethnic
origin happens in about one in four cases, and poverty conditions are observed in about 24 %.
Medium-scale farmers (n3 = 32). Farmers with a total potato acreage of 12.7 ha within farms
that roughly reach 14 ha in total size. With an average yearly production of 275.5 tons, these
farmers report a higher rate of access to technical assistance (46.8 %) than micro and small
farmers, now with over 50 % of the access being medium or high. In this segment of farmers,
irrigation (34.3 %) and access to credit (56.2 %) are more common. Also, starting from this
segment, the representation of self-identification with indigenous or mestizo ethnic origins now
falls to 12.5 %, showing a non-trivial inequality in capacities between non-ethnic and ethnic
communities. Finally, poverty is only observed in around 15 % of households.
Large-scale farmers (n4 = 2). We are cautious and restrain from any in-depth interpretation of
this category due to the constrained size, yet decide not to omit it; this follows that large scale
farmers are “scarce” (in terms of the number of farmers) but significant in their relative share of
the land. Our sample’s big-scale farmers have an average farm size of 31 ha, with their whole
land dedicated to potato production. Their yearly average production is above 800 tons. We
detect access to credit (one in two), which makes sense based on the size of their landholdings.
These farmers keep a strict record of their production costs, which is understandable from the
economy of scale. None of them are considered poor, and none self-identifies with an ethnic
origin.
These identified farmer types make evident relevant asymmetries in conditions potato farmers
face in Nariño. Thus, it would be naive to expect homogeneous technology packages to be easily
transferred and adopted by a heterogeneous population. Assessing these differences is helpful
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to design better-targeted interventions, differentiate specific needs of specific transects of
farmers, and increase the possibilities of adopting recommendations or technologies and their
related overall impacts. These first results lead to building a measure of technical efficiency and
comparing how each farmer type varies. Tables 6 and 7 summarize the descriptive statistics of
the variables at the plot level used in the stochastic frontier regression model for the subsample
of 773 households previously categorized in the cluster analysis.
Table 6. Summary of continuous and binary variables used in the stochastic frontier regression
model for technical efficiency of potato farmers. Nariño, Southwest Colombia, 2016.
Variable
Quantity of seeds used (kg)
Plot area (ha)
Total person-days used last season
Share of certified potato seeds [measured as %]
Soil analysis for the plot within the last two years (1 =
Yes) [%]
Lime products used for soil preparation (1 = Yes) [%]
Irrigation system in the plot (1 = Yes) [%]
Chemical soil fertilizers used at the farm level (1 = Yes)
[%]
Chemical foliar fertilizers used at the farm level (1 = Yes)
[%]
Organic fertilizers used at the farm level (1 = Yes) [%]
Herbicides used to prepare the plot (1 = Yes) [%]
Source: Elaborated by the authors.

Average [S.D.]
2,379.2 [5,600]
1.6 [2.9]
3,465 [70,585]
5.0 [0.20]
8.5
69.6
16.3
98.3
81.8
39.9
75.9

The average plot has about 1.6 ha and is established with over 2.3 tons of seeds. Only 8.5 % of
the plots revealed soil analysis to help make informed input use decisions, and roughly 5 % of
the seeds are certified. Different kinds of fertilizer use could be reported, so these do not add to
unity. Nearly all plots (over 98 %) received chemical soil fertilization, roughly four out of five
made use of foliar fertilization, and just below 40 % received some form of organic fertilizers. A
large share of the plots made use of chemical herbicides (75.9 %), as also happens with the use
of lime products (69.6 %) to reduce the acidity of the soil in its preparation, while the intensity
of preventive treatments is relatively high (87.6 % make over ten applications yearly). Unlike the
farm level, data analyzed at the plot level reveals that roughly 16.3 % have an established
irrigation system for potato production. While the most significant proportion of the workforce
used for soil preparation is purely manual (44.5 %), a significant part of used labor was improved
manual labor (semi-mechanization or animal traction) and mechanic means, with proportions of
27.4 % and 26.5 %, respectively. In addition, most farmers set their plot’s grooves either with
the slope (43.4 %) or decidedly against the slope (40.9 %) of the terrain.
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Table 7. Summary of categorical variables used in the stochastic frontier regression model for
technical efficiency of potato farmers. Nariño, Southwest Colombia, 2016.
Percentage
(%)
27.2%
2.2%
33.4%
34.7%
2.5%
44.5%

Variable

Category

Soil preparation

Plowed once
Plowed twice or more
Furrows (animal traction)
Harrowed and plowed (Guachado)
Other
Manual
Improved manual or animal
27.4%
traction
Mechanical
26.5%
Other
1.7%

Workforce for soil preparation

Intensity
of
applications

preventive

treatment

Groove orientation

Low (<10 applications)

12%

Medium (10-15 applications)
High (>15 applications)
Other
With the slope
Against the slope
Diagonal
Level curves
Other

43.7%
43.9%
0.4%
43.4%
40.9%
13.2%
2.3%
0.2%

Source: Elaborated by the authors.
Previous testing (not reported here) suggests no significant relation between potato productivity
and the use of specific varieties within our sample. However, this is usually an essential factor in
producing any crop. Specific varieties, either improved or with better genetic attributes, may
reduce the output variance (i.e., reduced uncertainty). Therefore, the main variety used in the
plot (Table 8), as reported by the farmer, is included as a determinant of the inefficiency measure
variance. The main four varieties—whose local names are Capiro, Suprema, Única, and Criolla—are
identified in 82 % of the plots, so if specific effects of other varieties are detected, it could be
the case of a point inflated (deflected) variance due to outlier data.
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Table 8. Self-reported main varieties used by farmers in Nariño on their potato plots. Southwest
Colombia, 2016.
Variety
Capiro (Diacol Capiro*)

Percentage
plots (%)
36.2

Suprema (Pastusa Suprema*)

21.2

Unica (ICA Única*)

16.6

Criolla

8.0

Betina*

2.1

Superior

3.6

Parda

3.8

Bilingüe*

0.2

Morasurco

0.3

Roja Huila*

2.1

Mambera

1.0

Nevada*

2.4

Other

2.6

of

(*) Registered name of a variety. Other varieties are grouped
based on the reported name but cannot be attributed to a
specific registered variety.
Source: Elaborated by the authors.
Results from the stochastic frontier regression and the factors affecting the (in)efficiency
measure variance are summarized in tables 9 and 10, respectively. Evidence indicates that only
four main factors are significantly correlated with the productivity of the plots, yet the elasticities
are at levels less than unity. A one percent increase in plot size increases production by about
0.6 %, while an increase of the same scale in the number of seeds used is related to an
approximate 0.39 % increase in the plot’s production. The application of chemical foliar
fertilization, on average, is related to an increase of 10.4 % of the expected production of a plot.
Finally, even though significant, the elasticity relation concerning total use of person-days is
roughly 0.04 %. While other factors, such as the share of certified seeds, organic fertilization,
and specific categories of the intensity of preventive treatment reported coefficients with the
expected sign, such correlations were not statistically significant, so their null hypotheses
(coefficients equal to zero) cannot be rejected.

Cienc. Tecnol. Agropecuaria, 23(2): e2236
DOI: https://doi.org/10.21930/rcta.vol23_num2_art:2236

Jose María Martínez., et al.

Potato farming in Southwest Colombia

Table 9. Estimates from stochastic frontier regression of production among potato plots in
Nariño. Southwest Colombia, 2016.
Variable
Share of certified potato seeds
log-Total person-days used last season
log-Quantity of seeds used
log-Area of the plot
Herbicides used to prepare the plot
Applied chemical soil fertilization (1 = Yes)
Applied chemical foliar fertilization (1 = Yes)
Applied organic fertilization (1 = Yes)
Intensity of preventive treatment application per cycle:
Medium (from 10 to 15)
Intensity of preventive treatment application per cycle:
High (over 15)
Intensity of preventive treatment application per cycle:
Other
Constant
Observations
Wald 𝜒 2 test of goodness of fit (Prob.)

Coefficient
0.128
(0.126)
0.0453***
(0.013)
0.392***
(0.036)
0.614***
(0.042)
0.023
(0.038)
-0.102
(0.125)
0.104**
(0.043)
0.047
(0.033)
0.056
(0.052)
0.068
(0.052)
-0.298
(0.317)
6.699***
(0.281)
1,197
0.000

Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
Source: Elaborated by the authors.
Two leading agricultural practices stand out when analyzing the factors associated with the
(in)efficiency measure variance in the auxiliary regression (table 10). The local practice, guachado
or wachado (Volverás-Mambuscay et al., 2020), reports a significant reduction in the expected
variance concerning its base category, i.e., single plowing, a striking result; this practice is a
minimum-tillage and sustainable alternative to other soil preparation techniques. On the other
hand, using lime in the soil to reduce its acidity has an expected effect, significantly reducing the
variance. However, systematic use of the product to adapt the soil to the crop’s needs may raise
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the question of whether the allocation of the current land is optimally used to produce a potato.
Although “other practices” for soil preparation also reflect a significant difference concerning
its base category, this is likely an outlier effect responding to barely 2 % of the plots (recall table
7). The same holds for the potato variety “Mambera,” where we detected an effect concerning
the base category (Capiro variety). Since the Criolla variety in Colombia is a small potato, the
reported significant increase in the (in)efficiency variance was expected, as its production is of a
different scale, hence reflected in this coefficient.
Table 10. Inefficiency variance factors from stochastic frontier regression of potato farmers.
Nariño, Southwest Colombia, 2016.
Variable
Coefficient
Soil preparation: Ploughed
-1.690
twice or more
(2.227)
Soil preparation: Furrows
0.147
(animal traction)
(0.298)
Soil preparation: Guachado

-0.921**
(0.437)

Soil preparation: Other

-2.850**

(1.410)
Workforce
for
soil
preparation:
Improved 0.101
manual or animal traction
(0.289)
Workforce
for
soil
-0.213
preparation: Mechanical
(0.335)
Workforce
for
soil
2.036
preparation: Other
(1.292)
Soil analysis for the plot
0.226
(w/in two years)
(0.399)
Groove
orientation:
0.220
Against the slope
(0.275)
Groove
orientation:
0.383
Diagonal
(0.367)
Groove orientation: Level
0.420
curves
(0.801)
Groove orientation: Other -0.008
(2.988)

Variable
Coefficient
Potato variety used in the
0.033
plot: Única
(0.354)
Potato variety used in the
0.746*
plot: Criolla
(0.435)
Potato variety used in the
-1.345
plot: Betina
(1.553)
Potato variety used in the
0.375
plot: Superior
(0.612)
Potato variety used in the
-0.003
plot: Parda
(0.615)
Potato variety used in the
0.529
plot: Bilingüé
(1.669)
Potato variety used in the
0.251
plot: Morasurco
(1.893)
Potato variety used in the
0.352
plot: Roja Huila
(0.761)
Potato variety used in the
1.594*
plot: Mambera
(0.874)
Potato variety used in the
0.059
plot: Nevada
(0.807)
Potato variety used in the
-0.801
plot: Other
(0.863)
Irrigation system in the plot -0.426
(0.389)
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Lime products used for soil
-0.527**
Share of certified seeds
preparation
(0.266)
Potato variety used in the
0.110
plot: Suprema
(0.308)
Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
Source: Elaborated by the authors.

-0.659
(1.135)

Finally, the two previous analyses (clustering and stochastic frontier) result in the concluding
study of the relationship between the estimated index of technical efficiency across plots and the
types of farmers managing such plots, summarized in the linear regression coefficients in table
11. While the detected and defined types of farmers are qualitative, they can describe an
increasing scale of favorable conditions from 1 to 4, taking micro-farmers as a base category.
The latter has a 79.4 % efficiency % on average, concerning those making the most out of input
use (across the whole sample). Following an increasing and additive analysis, average small-scale
and medium-scale farmers have an additional 5.9 % (total 85.3 %) and 7 % (total 92.3 %) of
relative efficiency, respectively, compared to the most efficient farmers. However, large-scale
farmers do not present a statistical difference in their efficiency compared to micro-farmers, yet
this result should be treated carefully due to the considerably limited number of large-scale
farmers available in the sample.
Table 11. Linear regression model of productive technical efficiency index as a function of
identified types of potato farmers. Nariño, Southwest Colombia, 2016.
Variables
Small-scale farmers
Medium-scale farmers
Large-scale farmers
Constant
R-squared

Technical
efficiency
index 𝐞𝐱𝐩[−𝑬(𝒖|𝒆)]
0.0592***
(0.00774)
0.0706***
(0.0157)
0.0213
(0.0697)
0.794***
(0.00554)
0.055

Standard errors in parentheses. *** p < 0.01, ** p < 0.05,
* p < 0.1
Source: Elaborated by the authors.
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Discussion and concluding remarks
Our data clustering analysis suggests that most potato farmers (71.8 %) in Nariño are microscale farmers who report low levels of innovation and limited access to credit, mechanization,
and irrigation, along with a more considerable incidence of poverty in other farmers. These
factors imply a harsh set of initial conditions that these farmers must overcome when entering
or remaining in the market. Similarly, small-scale farmers, who are roughly 23.8 % of the sample
under analysis, also report limited access to credit and low adoption of improved production
practices, despite being at a slightly better level than micro-scale farmers. Hence, with nearly
95 % of farmers starting from a position of comparative disadvantage, creating change may not
follow traditional technology transfer strategies (e.g., knowledge dissemination and exchange),
as their needs for change are structural.
The previous does not necessarily imply that all micro- and small-scale farmers are considerably
inefficient concerning the overall potato production system in Nariño. The average efficiency
among micro-farmers is estimated to be close to 80 %, whereas, for small farmers, it goes up to
85 %. Nevertheless, differences still exist, and there is room for improvement. To better target
the needs of potato micro-farmers, changes must be assessed both by policymakers and
stakeholders in the potato production and value chain. While the liberalization of agricultural
markets has meant an improvement in the consumption bundles (and the quality of life) of those
in developed countries, it also worsened the livelihoods and capabilities of resource-poor farmers
and the environment in developing countries (Dragun, 1999).
Government interventions should also address micro and small farmer strengthening via the
public provision of high-quality education. As a proven mechanism to reduce poverty among
rural households (Segrelles-Serrano & Vásquez-Sanchez, 2012), it would also remove the
constraints on the needed structural change for micro-scale farmers. Moreover, providing
extension services and promoting associativity could be a strategy. In addition to being attributes
that partly describe farms reaching the highest efficiency in our study, these are also mechanisms
identified to boost technology adoption among small- and medium-scale farmers in Latin
America (Martinez et al., 2021).
Bottom-up interventions that rely on farmer-level planning to better exploit alternative markets
or new commercialization opportunities to promote macro-level impacts are not unheard of in
Latin America (Henry et al., 1999). Furthermore, these could prove successful in improving the
quality of life of potato micro-farmers in Nariño. Although these farmers do not provide a
significant portion of the overall trade in the sector, efforts in achieving their productive
sustainability go hand in hand with guaranteeing their food safety. Similar experiences have taken
advantage of non-formal social networks to directly connect small-scale farmers with markets
located at a short distance (Contreras-Díaz et al., 2017) and proved successful in reducing
intermediation margins and promoting consumption of agroecological products.
Small- and medium-scale farmers should prioritize the sustainability and resilience of their crops.
Locally adapted technology transfer programs from universities or research institutes could
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improve their innovation capabilities and competitiveness (Kababe et al., 2018), together with
SDGs. To this end, strengthening the National System of Agricultural Innovation (Law
1876/2017, Colombia) is of the utmost importance. Promoting contract farming could better
integrate small- and medium-scale potato farmers into the value chain through its Agricultural
Extension Subsystem. However, this commercial strategy must go along with recommendations
of crop diversification, helping reduce the dependence on a single crop (i.e., lesser risk of
financial loss from market shocks) and benefitting production, as crop diversity and rotation
improves both the quality of soils and their potatoes (McDaniel et al., 2014; Twardowski et al.,
2016) compared to monocropping systems.
On a final and side note, it is also worth stressing the need to enforce environmental policies
that better help reconvert conventional agriculture into agroecological farming (Law 1930/2018,
Colombia). Many of the farms analyzed here (particularly micro-farmers) produce well above
3000 m.a.s.l., hence endangering the ecosystems of the Nariño moors (páramos). For all scales (or
types) of potato farming in Nariño, all transformation policies should undoubtedly aim to
maintain the functionality of high mountain ecosystems while procuring to be aligned with
climate change adaptation and mitigation needs.
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Supplementary materials
Table SM1. Average annual growth rate of potato production, harvested area, and overall yield
in Colombia and Nariño for the first and second halves, 2007-2019.
First halves
Second halves
National
Nariño
National
Nariño
(a)
Average annual growth of production
2.4 %***(b)
2.9 %***
3.3 %***
1.9 %**
(a)
Average annual growth of harvested area
0.5 %
2.4 %**
1.4 %**
1.6 %*
(a)
Average annual growth of overall yield
1.8 %***
0.5 %
1.9 %***
0.4 %
(a) To calculate an average yearly growth rate across several periods, linear regressions of the
form ln(𝑦𝑡 ) = 𝛽0 + 𝛽1 𝑡, where 𝑦 is the dependent variable of interest (i.e., production, area,
yield), were implemented so that the 𝛽1 coefficient is a numerical instrument to have an
average yearly growth rate as 100(𝛽1 )%.
(b) Asterisks indicate whether the growth rates are statistically significant at the 10 (*), 5 (**),
and 1 % (***) levels of significance. No asterisks mean that the average growth is statistically
insignificant.
Source: Elaborated by the authors based on MADR (2019).
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Table SM2. Tests for the joint statistical difference of all covariates among detected groups in
clustering analysis.
Statistic
Pseudo-F
𝐏𝐫(𝐅 > 𝐅𝐜𝐫𝐢𝐭𝐢𝐜𝐚𝐥 )
Wilk’s Lambda
0.0948
0.000***
Pillai’s Trace
0.9999
0.000***
Lawley-Hotelling Trace
8.5712
0.000***
Roy’s Largest Root
8.4582
0.000***
Null hypothesis: No difference in covariates between the four selected
groups.
Asterisks indicate whether the differences in all covariates are statistically
significant at the 10% (*), 5% (**), and 1% (***) levels of significance.
No asterisk means that the differences are statistically insignificant
Source: Elaborated by the authors.

Figure SM1. The producer price index for potato farmers. Colombia, 2007-2018.
Source: Elaborated by the authors based on FAOSTAT (2020).
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