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Abstract: Human development must ensure the welfare and survival of an ever-growing population.
To assess the impact of agroecosystems on sustainability in Narifio (Colombia), variables related to
sustainable development were evaluated through a semi-structured survey conducted with 122 pro-
ducers from 6 municipalities in the Narifio department. The association between the categorical
variables associated with the pillars of sustainability was analyzed using multiple correspondence
analysis (MCA). From the MCA, 23 indicators were selected, representing quantitative information on
the economic, social, and environmental characteristics of the participants. The municipalities were
characterized according to the needs and strengths of the producers. Five groups encompass most
characteristics of the producers, which are largely independent of geopolitical conditions. On the
other hand, the population characterization indicates that the economic well-being of fruit growers
can promote the conservation of natural resources. Finally, a principal component factor analysis
(PCFA) was conducted to construct the General Sustainability Index (GSI). A network graph for each
municipality revealed that the indicators of the production systems are in an unfavorable environ-
ment in almost all aspects related to sustainability. The GSI values reveal unstable agroecological
conditions that are causing environmental deterioration, with critical levels in the municipalities of
Arboleda, Sandona, and Providencia. Social investment and public policies must be implemented
to improve the economic conditions of the producers, accompanied by legislation on the proper

management of natural resources.
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1. Introduction

The critical examination of natural resource management and the ramifications of hu-
man development on the environment was prominently articulated at the United Nations
Conference on the Human Environment, held in Stockholm, Sweden, in 1972. During this
seminal event, it was discerned that the trajectory of human evolution could adversely im-
pact sustainability across three pivotal dimensions: economic, social, and environmental [1].
Sustainability has been increasingly perceived as a multifaceted construct, necessitating a
broad spectrum of indicators for a comprehensive understanding of some elements that
influence the system [2].

One of the most formidable challenges is the identification of pertinent indicators
that not only guide the trajectory toward sustainability but also effectively assess the
impact of community-centric interventions [3]. Moreover, it is paramount to maintain
a balanced representation of indicators across the economic, social, and environmental

Sustainability 2024, 16, 3044. https:/ /doi.org/10.3390/su16073044

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su16073044
https://doi.org/10.3390/su16073044
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-7564-4519
https://orcid.org/0000-0001-7579-4739
https://orcid.org/0000-0003-2072-7955
https://doi.org/10.3390/su16073044
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16073044?type=check_update&version=2

Sustainability 2024, 16, 3044

2of 16

dimensions to ensure a nuanced and equitable evaluation of the determinants of sustain-
ability [4]. In this context, certain entities, such as the United Nations Commission on
Sustainable Development, established in 1992, have been instrumental in developing and
proposing comprehensive indicators that encompass social, environmental, economic, and
institutional facets for national-level sustainability assessment [5].

Despite a global consensus on the imperative of sustainability, a standardized method-
ology for its quantification, crucial for the formulation of sustainable development strategies
remains elusive [6]. The repercussions of this lack of consensus are manifest in escalating
economic, productive, and social disparities, alongside a persistent and growing rural
indebtedness. These trends not only exacerbate the challenges faced by rural communi-
ties but also diminish the viability of rural livelihoods [7]. In Colombia, the contrast in
socioeconomic conditions is especially stark. According to data from the National Planning
Department (DNP), the incidence of multidimensional poverty in rural regions during
2021 and 2022 was notably higher, at a rate of 3.1 times greater than that observed in urban
centers [8].

The Colombian rural sector is predominantly engaged in agriculture, characterized
by extensive, low-productivity models. This is evidenced by the fact that of the 43 million
hectares designated for agricultural use, 34 million are devoted to livestock farming, an
industry fraught with significant environmental concerns, including deforestation and
greenhouse gas emissions. Despite these challenges, livestock farming contributes 1.7%
to the national gross domestic product (GDP) and 25% to the agricultural GDP [9]. In the
department of Narifio, the rural reality is stark, with nearly 50% of the population resid-
ing in rural areas, contrasting sharply with the 23% national average. This demographic
distribution has profound implications for development paradigms and the formulation
of sustainable public policies [10]. The Narifio economy is heavily reliant on agricultural
production, which accounts for approximately 15% of the departmental GDP, a figure that
is 2.4 times the national average [9]. Dominant crops include coffee, potatoes, bananas,
cocoa, and oil palm, collectively representing 56% of the total cultivated area. The pro-
ductivity per hectare for these crops falls below national averages, reflecting traditional
agricultural practices characterized by low productivity, outdated tools, and antiquated
methodologies [11].

This backdrop underscores the urgency for transitioning to sustainable agriculture,
typically defined as an approach that aims for long-term yield stability through environmen-
tally friendly technologies. It is essential to view the agricultural system as an ecosystem,
where the focus extends beyond high yields of individual crops to the optimization of
the entire system. An integral evaluation of this system requires analyzing an array of
variables related to diverse factors [6]. Traditionally, agricultural production methods have
been evaluated predominantly through economic parameters. However, in adopting a
sustainability-oriented approach, it is critical to include environmental and social aspects
in these evaluations to provide a holistic view of agroecosystems in terms of economic
and social welfare, as well as in the preservation and regeneration of the natural resources
involved in the production process [2].

Sustainable development within agricultural sectors is a multifaceted concept that
necessitates a comprehensive approach to effectively address the unique challenges. The
concept extends to identifying territorial units based on their unique agricultural and
rural development challenges. This is achieved through the characterization of various
differentiation criteria, including ecology, means of production, production systems, and
social group dynamics, among others. A thorough understanding of the functioning of
each unit and the interactions among them is imperative [12]. Agricultural production can
contribute to sustainable development in various ways.

In pursuit of sustainable development, it is imperative to consider a holistic framework
that encompasses multiple dimensions of sustainability. This research posits that the three
critical dimensions essential for assessing sustainability within agricultural production
systems are social, environmental, and economic. Each dimension plays a pivotal role



Sustainability 2024, 16, 3044

30f16

in the overall sustainability of agricultural practices and their ability to contribute to a
sustainable future. Socially, the production of nutritious and safe food at reasonable prices
generates employment, reduces health risks, and mitigates poverty [13]. This dimension
focuses on the social implications of agricultural production, including labor conditions,
community well-being, and food security. Environmentally, it enables the efficient use
of renewable and non-renewable resources, along with the rational use of agrochemicals.
The environmental dimension addresses the need for agricultural practices to maintain
and enhance the natural resource base upon which the agricultural economy depends,
including efficient use of renewable and non-renewable resources, minimizing the impact
of farming on the environment, and promoting biodiversity. Economically, it promotes
the fair trade of food products [14]. The economic dimension involves practices that foster
long-term profitability and stability, ensuring that agricultural production can continue to
contribute to the economy without depleting resources. To address sustainability, several
factors must be contextualized, including economic, environmental, and social aspects.

Sustainability cannot be analyzed in isolation but rather from a holistic perspective. In
other words, the system comprises multiple interrelated variables that can be influenced
by external factors [4]. Community participation is crucial in such environments for
linking and characterizing their skills, attitudes, and values as key actors in achieving the
set objectives. Thus, this research aims to characterize the productive units of 122 fruit
growers from 6 municipalities in Narifio in terms of sustainable development. Furthermore,
indicators representative of the economic, social, and environmental dimensions will be
identified to assess the sustainability of the production systems.

2. Materials and Methods

The study was conducted in six municipalities of the Narifio department, including
Arboleda, Ipiales, El Pefiol, La Florida, Providencia, and Sandona. The environmental
conditions of each locality are described in Table 1. Regarding edaphic characteristics, the
area under study is characterized by superficial soils of volcanic origin with low organic
matter content, medium natural fertility, and high susceptibility to erosion [15].

Table 1. Geographic location and climatic characteristics of the study area.

Municipality Georeferencing RH (%) T° (°C) Masl Pp (mm)
Arboleda 1°30'11"” N, —77°08'09” O 80-85 20.5 2170 1720
Ipiales 0°49'44" N, —77°38'26"" O 75-87 11.9 2898 1802
El Pefiol 1°14'20" N, —77°35'51" O 75-80 16.7 2200 2645
La Florida 1°17'59"” N, —77°24'25" O 64-91 16.5 2240 1384
Providencia 1°14/20"” N, —77°35'51" O 75-80 241 2514 859
Sandona 1°17'05" N, —77°28'16" O 82-85 18.1 1848 1091

The rational use of natural resources and the economic and social development of fruit
growers were evaluated using the methodology proposed by Sepulveda et al. [16] and Par-
chomenko et al. [17]. Accordingly, indicators of sustainable development were established,
and represented in social, economic, and environmental dimensions. The variables were
determined through a review of the specialized literature related to sustainability analysis in
agricultural production systems [16,17]. A total of 62 variables (Supplementary Table S1) were
selected to simultaneously evaluate the 3 dimensions in each of the municipalities. Data were
collected through visits to each of the fruit growers’ farms and via semi-structured surveys. A
comprehensive exploration of the quantitative variables’ multidimensionality was conducted
through principal component factor analysis (PCFA). Concurrently, a multiple correspondence
analysis (MCA) was employed to delve into the associations among categories. By harnessing
these sophisticated multivariate analysis methodologies, we were able to scrutinize the intri-
cate relationships between the response variables and the various associations pertinent to
each municipality.
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As a result of the data collection, qualitative variables were obtained. Chi-square tests
were conducted to determine if there is a significant association between the variables and
municipalities (p < 0.05). The variables were associated with the three dimensions that
determine the sustainability of a system (economic, social, and environmental) and were
analyzed using MCA for each dimension [18]. Based on the coordinates from a general
MCA of the evaluated variables, a hierarchical clustering was performed using the Ward
method, to form groups that might have similar strengths and weaknesses in the three
dimensions. The MCA was conducted using the FactoMiner statistical package [19] and
the graphs were created using the ggplot2 library [20] in R software v4.2.0 [21]. This type
of clustering was carried out to describe and identify the common needs of the producers
and to subsequently guide specific development strategies more efficiently.

From the general MCA, the variables that contributed the most to the first three factors
were selected as indicators for the construction of the General Sustainability Index (GSI)
(Table 2). The selected set of categorical variables received a positive relationship value
when the characteristic contributed to the stability of the system. In this way, an increase
in the value of the variable had a positive benefit for sustainable development in any of
the three dimensions. Subsequently, the original variables were standardized so that all
indicators were set on a common scale from 0 to 1. For the transformation of the variables,
the relativization function described by the United Nations Development Program (UNDP)
was used to calculate the Human Development Index [22], as follows:

) =2

Table 2. General Sustainable Index and system state levels proposed by Sepulveda et al. [16].

General Sustainability Index (IGS) System Status Level
GSI<0.2 High likelihood of collapse
02<GSI<04 Critical level
0.4<GSI<0.6 Unstable level
0.6 <GSI<0.8 Stable System
GSI>0.8 Optimal level

For indicators that exhibited an inverse relationship, the following equation was used:

fxy =22

where

X = Variable or indicator of the sustainability degree for each dimension.

m = The minimum value of the variable or indicator.

M= The maximum value of the variable or indicator.

Finally, a network graph was constructed to observe the strengths and weaknesses
of the sustainability indicators in each municipality, using the ggplot2 library [23] in R
software v4.2.0 [21]. The PCFA was conducted with all indicators on the same scale. To
assess the suitability of the data for PCFA, the Kaiser-Meyer-Olkin test was performed [24].
For the construction of the GSI, it was necessary to estimate the contribution of each
indicator to the total principal inertia of the PCFA results. The first components were
selected according to their contributions to the total inertia of the data variability (Table 3).
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Table 3. Selection of indicators based on their contributions to the economic, social, and environmental
dimensions identified from the characteristics of productive systems in six municipalities of the
Narifio department.

MCA PCFA o
Indicators Dim1 Dim2 Dim3 F1 F2 Communalities Welght(lfl;g) e
Economic Social Environmental

E6 3.963 0.215 0.054 —0.266 —0.171 0.100

E7 3.787 0.231 0.095 —0.520 0.099 0.280

E8 3.655 0.377 0.094 —0.513 —0.009 0.263

E9 3.655 0.377 0.094 —0.483 0.112 0.246 fore = 04717
E15 3.426 0.221 0.033 —0.497 0.084 0.254

E18 3.816 0.285 0.050 —0.491 0.040 0.242

E22 3.777 0.158 0.013 —0.507 0.004 0.258

E25 3.656 0.202 0.079 0.519 —0.021 0.270

S9 0.298 4.807 0.054 -0.171 —0.335 0.142

510 0.270 4.357 0.049 —0.097 —0.329 0.118

S11 0.282 4.389 0.188 —0.166 —0.328 0.135

S12 0.270 4.357 0.049 —0.001 —0.398 0.158 £y = 02748
513 0.234 4159 0.125 0.110 —0.369 0.149

514 0.265 4.029 0.062 0.014 —0.383 0.147

S15 0.110 2423 1.723 0.175 —0.220 0.079

517 0.427 3.759 0.099 —0.375 0.215 0.187

A2 0.266 0.046 0.511 —0.414 —0.004 0.171

A3 0.115 0.054 0.542 —0.314 —0.163 0.125

A5 0.161 0.580 0.678 —0.169 —0.300 0.119

A6 0.231 0.235 1.074 0.446 —0.138 0.218 fpe = 0.2534
A10 0.046 0.241 1.494 —0.404 —0.092 0.171
All 0.102 0.001 0.426 —0.251 —0.283 0.143
Al2 0.059 0.017 1.513 —0.284 —0.003 0.080

Note: Indicators are categorized and abbreviated to denote their respective sustainability dimensions: economic
(E), social (S), and environmental (A, from “Ambiental” the Spanish word for environmental, to avoid confusion
with economic).

Finally, the GSI was determined based on the methodology proposed by Sepulveda
et al. [16] and modified by Farfan and Hincapié [25]. From the PCFA, the values of the
communalities (percentage of the variance explained by the principal components of the
determined original variable) were obtained to weight the variable group of each indicator,
as indicated in the following equation:

o= () - ) (%) )+ (%) - )

where

GSI = General Sustainability Index

Economic dimension parameters: V, = economic variables, 11, = number of economic
variables, f,e = economic weighting factor

Social dimension parameters: Vs = social variables, ns = number of social variables,
fps = social weighting factor
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Environmental dimension parameters: V,; = environmental variables, n, = number of
environmental variables, f,;, = environmental weighting factor

By the estimation of the GSI in each municipality, its system state level in the productive
system is determined (Table 2). The results of the GSI were plotted in a network and bar graph.

3. Results

The primary data analysis played a crucial role in characterizing the study population
based on their needs and strengths in the three sustainability-associated dimensions. The
chi-square test unveiled variables that lack a significant level of association with the
municipalities. For instance, regarding certification, almost all fruit growers indicated that
they lack it. Generally, the municipalities are more accurately depicted by economic and
environmental indicators compared to social variables, which showed a greater dispersion
on the perceptual map (Figures 1-3). The results demonstrate interdependent relationships
among the studied dimensions. In Ipiales, producers display superior economic and
environmental conditions (Figures 1-3). In contrast, the lowest biodiversity and economic
indicators were noted among fruit growers in the municipality of Sandona (Figures 1-3).
The findings suggest that improving the economic conditions of the rural sector could
also promote environmental sustainability. The association values of Dim 1-3 on the maps
ranged between 8.1-20.3% (Figures 1-3). Dim1 and Dim?2, as extracted through multiple
correspondence analysis, represent orthogonal axes in the perceptual map (Figures 1-3).
These dimensions encapsulate key information regarding the inter-relationships among the
variables characterizing the sustainability dimensions under scrutiny.

S: »b MLW
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2% [PALES

®
5
&
£
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S: Unknown sales
#
A SANDONA
0 . ARBOLEDA -
& o H Market: None
St<AMW), [Market: Lacal, Municipal, Departmental]
& *
LA FLORIDA * EL PERIOL PROVIDENCIA
+|Market: Departmental
0 1 2
Dim 1: 20.28%

Figure 1. Perceptual map of the results obtained from the relationship between the six municipalities
(red) and the economic type indicators. Dim 1 discerningly delineates Arboleda, Sandond, and
Providencia as municipalities characterized by lower levels of financial literacy. In contrast, Dim
2 emerges Ipiales as a beacon of enhanced financial with more favorable financial indicators. (S) sales,
(C) cost, (W) type of labor, (SP) sales production, and (AR) accounting records.
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Figure 2. Perceptual map indicating the relationship between the producers of the six municipalities
(red) and environmental development indicators. Dim 1 adeptly segregates the municipalities along
a continuum of water management practices, with Sandond, Providencia, and La Florida positioned
towards less intensive applications. Dim 2 highlights Ipiales, soaring above the rest as a testament
to environmental consciousness, marked by its exceptional biodiversity indicators. (WM) waste
management, and (IS) irrigation system.
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Figure 3. Perceptual map indicating the relationship between the producers of the six municipalities
(red) and social development indicators. Dim 1 thoughtfully differentiates among the municipalities,
with Arboleda distinctly noted for its reliance on traditional water sources. In contrast, Dim 2 elevates
Ipiales, Providencia, and El Pefiol, showcasing them as hubs of social engagement, evidenced by their
robust educational infrastructure, and marked by the presence of primary and secondary schools.
(SS) health system, and (SE) educational system.

The economy is the main driver of sustainable development.
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Fruit growers in the municipalities of Arboleda, Providencia, and mainly Sandona
exhibit a stronger association with poorer economic indicators (Figure 1). The fruit growers
lack associated productive control indicators, such as accounting records, cost and sales
management, sales frequency, labor, or market characterization (Figure 1). In El Pefiol and
La Florida, fruit growers are more acquainted with these accounting supports (Figure 1).
Most fruit growers in these municipalities report that both production costs and sales fall
below the minimum legal monthly wage (MLMW) (Figure 1). Likewise, labor is family-
based, and sales are mainly carried out every three months in the departmental market.
On the other hand, Ipiales boasts the best economic indicators. In Ipiales, fruit growers
have stable, family-based labor and wages, likely contributing to the rise in production
costs (between three and four MLMWs) (Figure 1). Nevertheless, fruit growers in Ipiales
demonstrate greater opportunities to increase sales frequency, and their income can reach
up to five MLMWs (Figure 1).

The environment and biodiversity are closely linked.

The fruit growers from El Pefiol and particularly those in Ipiales were characterized as
having the best association values in terms of crop diversity and good waste management
practices (Figure 2). In contrast, fruit growers in the municipalities of Sandona had the
lowest association values concerning crop diversity on their farms, followed by those in the
municipality of Providencia (Figure 2). Furthermore, in these municipalities and La Florida,
most fruit growers lack irrigation systems and adequate waste management procedures,
with agricultural productivity largely depending on the rainy season (Figure 2). Conversely,
fruit growers in El Pefiol use irrigation systems, drawing water from districts, aqueducts
designated for agricultural purposes, rivers, streams, and springs (Figure 2).

There is a pressing need for greater involvement from the public sector.

The results revealed a significant level of participation in community initiatives, such
as community action boards and associations, among fruit growers in Sandona and La
Florida (Figure 3). Conversely, fruit growers in other municipalities report lower participa-
tion rates in such collective endeavors (Figure 3). In terms of essential services, fruit growers
in Ipiales and Providencia benefit from access to high-quality education systems and clean
water sources (Figure 3). In contrast, fruit growers in Arboleda rely on wells, streams,
brooks, or aqueducts for water access (Figure 3), potentially exposing them to health risks
due to inadequate water quality. In this context, fruit growers in the municipality of El
Periol highlight challenges in accessing health centers or posts and educational institutions
(Figure 3). Furthermore, in this municipality and Providencia, the absence of household
waste collection services results in waste disposal through burning and dumping in vacant
lots (Figure 3). These results demonstrate the existing gaps in the public education and
sanitation sectors in certain municipalities.

Five major groups encapsulate the individual needs and strengths of the fruit growers.

The results of the clustering analysis revealed the individual priorities of the study
population, forming at least five major groups (Figure 4). Geography strongly influences
the formation of these groups. For instance, Group 1 comprises 46% of producers from
the municipality of Providencia, while 66.7% of individuals in Group 2 are from Ipiales
and share similar characteristics (Figure 4). Group 3 consists of 50% of producers from
Arboleda and La Florida. The most significant integration in Group 4 is from ElI Pefiol (33%),
and in Group 5, from Sandona (40%). Producers from Providencia belong only to Groups
3,4, and 5 (Figure 4). This demonstrates that the policies of each municipality strongly
influence the opportunities, decisions, and outcomes of the fruit growers. Moreover, the
structural analysis of the population can be useful in identifying risks in sustainability
indicators, planning individual interventions, and developing public policies and territorial
government plans.
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Figure 4. Clustering of farmers according to social, environmental, and economic characteristics. The
colors in the dendrogram represent different clusters. Notice that the producers from Ipiales have a
more distinct identity (dark green color) which could be the result of financial support from public
entities and the cultural characteristics of indigenous communities.

These results highlight the diversity of situations and needs within the studied groups,
underscoring the importance of designing tailored approaches and specific measures to ad-
dress the challenges in each dimension of sustainability. In this context, members of Group
1 possess extensive experience in the productive sector, with the majority having more
than eight years of experience. They are also characterized by owning brick homes with
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complete services, although they face challenges in managing household waste. In contrast,
Group 2 requires priority actions to improve specific social conditions, such as access to
public services, like sewage, potable water, waste collection, and technical assistance.

On the other hand, Group 3 exhibits positive sustainable development indicators.
The availability of necessary tools for agricultural practices, the availability of labor and
corresponding occupation, cost recording, technical support, training, and education level
enable integrated pest and disease management. Additionally, the environmental and
economic dimension indicators are outstanding in the clustering analysis. Contrastingly,
the 27 individuals in Group 4 show a lower degree of sustainability in the social dimension
indicators, highlighting a lack of home ownership, limited access to public services, low
capacity for generating their income, and high dependence on activities external to their
productive units. Finally, individuals in Group 5 require the implementation of strategies
to correct aspects in the economic dimension. Despite having available land, they lack
experience in agricultural activities and have not received training, resulting in the lack of
development of productive activities generating their own income.

In all six municipalities, there is a pressing need for corrective measures across a wide
range of sustainability indicators.

The MCA revealed that the first three axes or factors collectively explain 47.4% of the
nature of the evaluated productive units. Therefore, the total variability information can be
summarized in these dimensions, allowing for the explanation of their characteristics in
the selected indicator variables (Table 3). From the analysis of the variables’ contribution
to the formation of the axes, it is established that Dimension 1 gathers the largest propor-
tion of the original variability and is related to economic-type characteristics associated
with the marketing channel of the produced goods, the frequency of product generation,
sales revenue, production costs, labor, and accounting records. The second dimension
was mainly constituted by social-type variables, with housing infrastructure conditions
and the availability of services, especially access to potable water, as notable indicators.
Finally, Dimension 3 was formed by indicators associated with variables of integrated crop
management, and the use and management of water, soil, and waste (Table 3).

Fruit growers reported low levels of sustainable development for almost all the studied
indicators (Figure 5). In general, environmental indicators obtained the lowest scores in all
municipalities except for indicator E12, which suggests that fruit growers maintain good
practices in agrochemical management (Figure 5). Similarly, nearly all the indicators of the
social dimension had values below 0.5 in all municipalities, except for S15, showing that the
water supply system for capturing, transporting, treating, storing, and distributing water
on most plots is adequate (Figure 5). On the other hand, economic indicators obtained the
most positive values for sustainability, especially in the municipalities of Ipiales, La Florida,
and El Periol (Figure 5).

This trend towards economic stability likely had a positive influence on the construc-
tion of the GSI. The PCFA of the selected set of indicators revealed that the communalities
making the most significant contribution to the total inertia were the economic variables,
constituting a weighting factor almost double that of the social and environmental dimen-
sions (Table 3). Thus, the GSI ranged between 0.34 and 0.54, indicating that the degree of
sustainability in the production systems is between critical to unstable levels (Figure 6). The
most critical GSI values were observed in the municipalities of Arboleda, Providencia, and
Sandona (Figure 6). In the municipalities of Ipiales, El Pefiol, and La Florida, the degree of
sustainability was slightly higher (unstable), likely due to better economic conditions, as
previously described (Figure 6). Nevertheless, corrective measures and public policies are
still required to increase the degree of sustainability to ensure the long-term sustainable
development of the municipalities.
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Figure 5. The dendrogram constructed with the main indicators of environmental, economic, and
social dimensions; economic (E), social (S), and environmental (A).
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Figure 6. Rating scale for General Sustainability Index in productive systems of the Narifio department.

4. Discussion

Characterizing the population enables more efficient management of aspects related to
sustainability. One of the global challenges faced by human rights advocates is identifying
the interrelations between the environment and poverty [26]. We demonstrate here that
the economic component predominates over the other two dimensions that determine
sustainable development. The results show that there may be a primary link between the
possibility of obtaining better economic income and environmental care. Thus, fruit growers
with better economic conditions also have more favorable indicators for environmental
care. In Ipiales and Sandona, for example, there is a contrasting inequality in economic and
environmental well-being that reflects the interrelation between these two dimensions.

The low profitability of the rural sector does not generate sufficient resources to cover
costs and family needs, let alone invest in natural heritage. Consequently, poverty is one
of the factors involved in the failure of environmental education [27,28]. In other words,
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producers are concerned with addressing their most immediate needs. The progress of
humanity in the long term depends mainly on the economic and social growth policies of
each country [4]. Therefore, to promote environmental sustainability, it will be necessary to
improve the economic conditions of peasant families.

The economic sustainability of fruit growers may depend on financial education.
According to Castro-Castro et al. [13], the lack of organization and accounting records is
one of the key factors determining the productivity of any business. Fruit growers must be
aware of the cash flow of their production systems to design economic growth plans and
strategies. Fruit growers in municipalities with the best financial conditions, like Ipiales,
El Pefiol, and La Florida, are more familiar with accounting records, indicating greater
financial intelligence. On the other hand, productive alternatives to the agricultural sector
can be a significant engine for rural productivity. Other sources of income can generate
new employment opportunities that can absorb the growing population, supplementing
household incomes in rural areas [29].

Productivity growth must also be linked to the possibility of accessing better markets.
Traditional markets and limited marketing tools result in low and unattractive agricul-
tural incomes for fruit growers. Municipalities with the best economic indicators have
the possibility of accessing better prices in the departmental market. Establishing new
marketing routes could be another strategy to improve marketing processes. However, not
all agroecosystems have the ability to market their products nationally or internationally
due to the lack of minimum safety requirements [30]. The same authors argue that new
supply strategies and changing the relationship with consumers are needed, which can be
provided by short food supply chains.

Public power, the market, and civil society are important protagonists in this process
of reinventing marketing models. Increasingly, consumers want to know where their food
comes from and how it is produced. This demand can be leveraged to increase the added
value of agricultural products. In this process, short chains play an indispensable role in
the organization of markets and help to improve both the income of producers and the
food conditions of the population.

After meeting basic needs, it becomes crucial to sustain or enhance present benefits
over time. Achieving sustainable growth poses a major challenge, as enhancements in the
productive system can lead to environmental imbalances [5]. Given the finite nature of
natural resources on our planet, economic efficiency must be complemented by sustainable
ecological strategies. Soil, the atmosphere, and genetic resources are limited. Consequently,
a multidimensional analysis is necessary to study the dynamic behavior of sustainability.

Multivariate analyses offer a preliminary approximation of the degree of development
in the various dimensions that integrate into sustainability. The use of MCA and PCFA
allowed for retaining the most significant indicators on the overall level of sustainability,
which were found in the social and economic dimensions (Table 3). The negative and
positive weightings were very similar among the social and economic indicators and dif-
ferent compared to the environmental dimension (Table 3). This behavior indicates that
social and economic performance have similar patterns, which are in turn separate from
environmental aspects, as demonstrated by Mirshojaeian Hosseini and Kaneko [31] and
Moreno-Miranda and Dries [32]. There are two types of fruit growers: those oriented to-
wards maintaining a balance with the environment, making better use of natural resources,
and a second group of producers who are more competitive, with a social and economic
orientation, making more intensive use of natural resource exploitation [31,32]. This dif-
ference could be related to the size of the family group and the age of the fruit growers.
According to the literature, younger individuals are associated with better economic per-
formance in the rural sector, while older household heads generate greater environmental
performance [33]. Overall, there are two profiles of producers, some more responsible with
financial sustainability and others more responsible with environmental sustainability.

The communalities indicate that the largest proportion of the variance explained by
the economic dimension is almost double the value of the sum of the variables that make
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up the environmental and social dimensions (Table 3). The economic dimension can have a
positive synergism with the other dimensions of sustainability. Comprehensive strategies
should seek to maximize economic conditions and environmental quality jointly [34].
Some practices, such as ecotourism, have contributed to generating economic growth
for local fruit growers as well as improving environmental quality and the beauty of the
natural surroundings [35]. Economic growth with an ecological focus could be crucial for
improving income, social capital, and environmental capital.

The cluster analysis did not show an association between producers and the geo-
graphical and political conditions of each municipality (Figure 4). The five groups formed
suggest that fruit growers do not have a sustainable identity associated with local condi-
tions, even though one group was predominantly composed of individuals from Ipiales
(66.6%) (Figure 4). In this case, the clustering might be a result of the fact that most par-
ticipants from this municipality are indigenous, potentially exhibiting greater similarities
among individuals, primarily in economic practices and adaptation to the natural and
social environment. However, a lack of cultural structure was observed in the variables
that determine human and environmental development.

It is critically important and pressing to consolidate development policies for culturally
shaping sustainable development approaches [36,37]. The creation of state policies could
have a more significant impact on promoting sustainability than municipal norms and reg-
ulations. National regulatory frameworks could contribute to the conservation of natural
resources, access to equity, social justice, and the implementation of circular economies and
responsible economies. However, public policies are not sufficient to guarantee sustain-
ability. The effective implementation of the legal framework, proper supervision, active
citizen participation, and the private sector are significant parameters in the models of
implementing sustainable growth [38].

Monitoring sustainability through indicators revealed the most deteriorated points
in the three dimensions (Figure 5). Except for some indicators (A12, S15, E7, E15), all
showed instability values about sustainable development, according to the scale proposed
by Septlveda et al. [16]. The results demonstrate that environmental integrity is the most
affected of the three sustainability dimensions (Figure 5). Thus, environmental balance is
the most sensitive of all components determining sustainable development, as suggested
by Usubiaga-Liafio and Ekins [39] when analyzing other communities. The negative effects
of human development on sustainability put the natural resources of one of the world’s
most biodiverse countries at risk [40].

In general, the 23 development indicators revealed that the municipalities of Arboleda,
Providencia, and Sandona presented critical IGS values, indicating that these localities are
the most affected by sustainability degradation (Figure 6). Although the municipalities
of El Pefiol, Ipiales, and La Florida scored higher on the IGS, the instability indicators
demonstrate that there are still serious environmental, social, and economic issues to be
resolved. The low IGS values suggest that, in the region, there is a need for improvement
measures in the practices of preserving natural capital and human well-being.

The municipality of Ipiales achieved the highest overall sustainability index score
compared to five other municipalities, a result that can likely be attributed to its more con-
centrated cultural identity focused on environmental care, largely due to its predominantly
Indigenous population. Furthermore, these Indigenous communities receive substan-
tial financial resources from both national and international sources, which could posi-
tively impact awareness and conservation efforts of natural resources, as demonstrated by
Li et al. [41]. For instance, subsidies and incentives for the agricultural sector have en-
hanced water use efficiency, which is crucial for sustainable development [42]. This unique
blend of cultural heritage and financial support underscores the importance of integrating
traditional knowledge with modern conservation practices, highlighting how Indigenous
stewardship can lead to superior sustainability outcomes.

Colombia has been recognized as a multiethnic and multicultural nation since 1991,
as it is registered in its political constitution. Particularly, the indigenous population in
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Colombia has a normative statement that currently develops essential, economic, and social
rights [43]. The ecological representation of the indigenous population has been positioned
as a strong environmental point and, eventually, as a cultural statement that promotes
the sustainable development of territories [44]. Results achieved in Ipiales could suggest
a potential relationship between sustainability and both investment and efforts toward
promoting social justice in the indigenous population in Narifio. Nevertheless, a broad
discussion about the impacts of government support is needed in terms of sustainability
in the function of social groups inside peasant guilds, as well as the relationship between
the reactive position of both government entities and organizations and environmental
emergencies around indigenous territories for future works.

Similar studies have been proposed to monitor sustainable development in Colombia.
In Bogota, for example, values of 0.55 (on a 0-1 scale) have been recorded, placing it at
rank 88 out of 106 cities studied around the world [45]. Machine learning algorithms used
to calculate sustainability indices in Colombian cities reveal the panorama of sustainable
development [46—48], which will allow the government to make more informed decisions.
Although these studies were conducted using different metrics and with urban populations,
the results are consistent with those recorded in this study. The metrics used for under-
standing sustainability on a national, regional, or local scale are important for advancing
the protection of non-renewable resources in the long term [46]. The findings presented
in this study will inform the development of programs and policies designed to foster
community advancement and facilitate the journey toward sustainable development.

5. Conclusions

This study underscores the crucial interplay between economic stability and envi-
ronmental sustainability, particularly in rural fruit-growing communities. Our findings
reveal that improved economic conditions are closely linked to better environmental care,
a relationship prominently observed in certain regions, like Ipiales and Sandond. The
economic sustainability of fruit growers is significantly influenced by their financial literacy
and organizational skills. The research highlights the importance of diversified income
sources and enhanced market access for rural productivity and sustainability. Thus, we
recommend implementing financial literacy programs, strengthening organizational skills,
diversifying income sources, and facilitating market access for fruit producers. Addition-
ally, the study emphasizes the need for a comprehensive, multidimensional approach to
policy development, balancing economic growth with ecological sustainability. The integra-
tion of traditional knowledge and modern conservation practices, especially in culturally
rich areas, emerges as a key factor in achieving superior sustainability outcomes. These
insights are pivotal for formulating effective strategies and policies to foster sustainable
development in the Colombian southwest and similar contexts worldwide.
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