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Abstract: Centuries of cultivation in the Highland Aynoka of Puno, Peru, have endowed indigenous
crops such as potato and quinoa with rich cultural and nutritional value deeply ingrained in local
traditions. This study meticulously evaluates their economic viability, environmental implications,
and cultural importance by employing a mixed-methods research approach involving surveys,
interviews, and observations. The outcome reveals that while the Economic Sustainability Index
(EKI) moderately supports potato and quinoa production sustainability, with a value of 2.98, it falls
short of significant impact. Conversely, the Environmental Sustainability Index (ESI) and the Social
Sustainability Index (SSI) exhibit moderate levels of sustainability, recording values of 4.04 and 3.38
for ESI and SSI, respectively. These crops demonstrate acceptable economic feasibility, marked by
consistent sales, income generation, and manageable production expenses. The findings underscore
the urgency of endorsing sustainable farming methods to safeguard cultural heritage, boost market
prospects, and fortify regional ecological robustness. Rooted in ancestral sustainability, potato and
quinoa cultivation is a cornerstone in local food systems. Recognizing the cultural, economic, and
environmental significance inherent to these crops, efforts can be channeled towards nurturing
sustainable agricultural systems that uphold community well-being, conserve biodiversity, and
facilitate cultural resilience in Puno’s Highland Aynoka.

Keywords: sustainability; ancestral; Aynoka; survey; indicators; potato and quinoa; highland

1. Introduction

The “Aynoka” is an Aymara word used to refer to an ancestral farming system that
is characterized by the sustainable management and use of land, with crop rotation and
plant diversity, in large communal areas that ensure the quantity and quality of food for
the family and the community [1]. The Aynoka exist because they are part of an organized
community agricultural system, where members respect communal decisions by accepting
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crops, cultivation technologies, and the sharing of the harvest, ensuring the well-being
of community members [2,3]. Aynoka are small plots of land cultivated by families or
local communities, generally located near their homes. These agricultural spaces can
have different purposes, such as growing food for self-consumption, generating additional
income by selling agricultural products, or preserving traditional farming practices [4].

The most commonly used rotation system in Aynoka is potato, quinoa, barley, or
oats, with a fallow period lasting approximately 8 to 10 years. It includes a crop cycle
for each species over the entire cultivated area of the community of many hectares. It
takes 3 to 4 years for the cultivated species and a rest period of 6 to 7 years for the plots
covered with natural pastures [5]. Any change in the crop rotation sequence requires
community consensus [6]. The cycle includes crops native to Peru, such as potato and
quinoa, and crops introduced more than 500 years ago, such as barley and oats. It is
essential to highlight that biodiversity is maintained in each species cultivated because
farmers plant wide varieties and ecotypes so that Aynoka is a germplasm bank where
natural crossings or gene flows occur, generating more extraordinary variability year after
year, which is further enriched by natural mutations and the contribution of genes from
wild relatives growing naturally in the vicinity [7]. Food security is based on the presence of
many different genotypes and their adaptation to the area, and the soils remain healthy and
prosperous. Its versatile nature and inherent adaptability have transformed it into a crucial
element of food security, safeguarding against crop failures and external disruptions [8].
After all, the fallow period restores fertility, especially with animal grazing, enhancing the
soil with manure and facilitating the reemergence of native species such as clover; these
factors collectively ensure the system’s robustness against external shocks and ensure the
long-term viability of food production [9]. It serves as a period of isolation, decreasing
soil contamination from fungi, nematodes, and insects and supporting the proliferation of
indigenous flora and fauna.

This ancestral cultivation system was applied for thousands of years in the Bolivian
Peruvian altiplano and persists today. This historical continuity has established a sense of
cultural identity and pride, perpetuating the practices through storytelling and communal
traditions [10]. However, in recent years, the rotation sequence of traditional crops such
as quinoa and potato has been modified, especially in areas with access to technical irriga-
tion [11]. In the western half of South America, the potato is crucial in indigenous history,
culture, and selfhood. Its cultivation and consumption have shaped traditional practices,
culinary traditions, and spiritual beliefs, while its genetic diversity has contributed to food
security and resilience in the region [12–14]. Converging relationships between people,
plants, and the environment have created a vibrant and diverse potato landscape in the
Andean region [15]. Native to the Andean highlands, the potato has been cultivated for
over 7000 years, evolving alongside human needs and cultural preferences. The region
boasts unparalleled genetic diversity, with thousands of potato varieties adapted to differ-
ent altitudes and climates [16]. Native potato diversity is vital in enhancing community
resilience and serving as a critical source of food security [17].

Quinoa has enormous genetic variability and adaptability to different climatic condi-
tions and has a balanced nutrient content, providing an adequate combination of carbohy-
drates, proteins, and fats. This characteristic makes it a complete and beneficial food for
maintaining a balanced and healthy diet [18]. Quinoa and other indigenous foods can play
a valuable role in the fight against hunger and malnutrition, especially in climate change.
Their resilience, nutritional value, and ability to diversify food systems make them essential
tools for strengthening food security in low-income countries dependent on agriculture
and facing limited inputs (Food and Agriculture Organization of the United Nations) [19].

It is important to note that variations in agroecological conditions can result in dif-
ferences in the nutritional composition of quinoa between different regions and varieties.
These variations can be used strategically to select quinoa varieties and farming practices
that maximize their nutritional content in agroecological contexts [20,21]. Sustainable
agriculture is developing globally and is constantly evolving in three key areas: economic,
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environmental, and social, encompassing five levels, including the field, the farm, the
local community, and the national and international levels [22] The economic capacity
and commitment to the sustainability of farms directly impact a country’s food quality
and the environment [23]. Prioritizing profits over the environment and society results
in dissatisfaction with conventional farming, promoting the switch to sustainable meth-
ods [24]. Evaluating social facets in agri-environmental initiatives, specifically sociocultural
factors affecting participation quality and social welfare outcomes, is constrained [25]. The
demand for certain species and the need to increase yields have determined the inclusion of
techniques from the conventional agricultural system. These changes are already occurring
permanently and could be affecting the sustainability of the Aynoka, so it is crucial to
characterize the current system and identify the limiting factors that make it possible to
propose research that contributes to the sustainability of the system and food security [26].
Nevertheless, the Aynoka system’s resilience faces challenges in the modern era. Changes
in crop rotation due to technical irrigation and external market demands raise questions
about the system’s sustainability [27]. This study endeavors to generate insights that can
guide strategies for enhancing the sustainability and longevity of potato and quinoa culti-
vation within the Aynoka system. Finally, the traditional crop rotation system in Aynoka
persists due to the convergence of historical resilience, ecological harmony, and cultural co-
hesion. Culturing the potato and quinoa plant in the Andean region magnifies the intricate
dynamics between human practices, genetic diversity, and food security. In an era marked
by the urgency of global food security and sustainable development, this study is pivotal
in preserving an ancient agricultural heritage while adapting it to the complexities of the
modern world [28,29].

The research aims to comprehensively understand the cultivation practices, sustain-
ability indicators, and their impact on potato and quinoa crops within the Aynoka system.
By characterizing and assessing these crops, the study seeks to contribute to developing
strategies that enhance the sustainability and long-term viability of potato and quinoa
production while considering the unique context of the Palermo Rio Salado Community.

2. Materials and Methods
2.1. Study Site

The study was implemented in the Palermo Rio Salado community in the province
of Chucuito Juli, within the Puno Region of Peru. The community is 3831 m above sea
level, with specific geographical coordinates of Longitude: 69◦30′10.55′′ W and Latitude:
16◦19′43.39′′ S (Figure 1). Palermo Rio Salado is home to approximately 300 farmers who
primarily cultivate quinoa, potatoes, and other agricultural products. It should be noted
that while the community consists of around 300 farmers, only 130 are officially registered
and reside within the community. Despite this, all landowners within the community
uphold the ancestral practice of the Aynoka system. The climate in Juli, as classified by the
Köppen–Geiger climate classification, is considered and characterized as a tundra climate
with high mountain influences. The average annual rainfall in Juli is recorded at 801 mm,
with July being the driest month, receiving only 5 mm of precipitation, and January being
the wettest month, with an average of 173 mm of rainfall. The average annual temperature
in the region is 8.3 ◦C, with December being the warmest month, averaging 9.6 ◦C, and June
being the coldest month, with an average temperature of 6.2 ◦C [30]. Hydrographically, the
community is situated within the micro-watershed of the Salado River. It is important to
note that the Salado River exhibits a high pH level, exceeding 8, which poses limitations
for irrigated agriculture and diminishes the availability of drinking water.
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Figure 1. Location of the Palermo Rio Salado community study area in the Puno Andes.

Consequently, the community must seek water sources from neighboring commu-
nities, which can potentially give rise to conflicts due to the significance of this shared
water resource. These geographic and environmental conditions shape the agricultural
landscape and practices within the community of Palermo Rio Salado, influencing the
strategies employed by farmers to overcome challenges related to water scarcity, soil man-
agement, and climatic conditions. Understanding the specific context of the community
provides valuable insights into the unique circumstances and considerations that shape the
sustainability of potato and quinoa cultivation in this region.

2.2. Population and Sample

From the population of 130 registered producers of quinoa and potato, an unrestricted
random sample of (n = 55) was obtained using the survey design and analysis formula [31,32].
According to the model, farmers were selected by random sampling in the community of
Palermo Rio Salado [33]. Equation (1):

n =
N ∗ Z2

∝ ∗ p ∗ q
E2 ∗ (N − 1) + Z2

∝ ∗ p ∗ q
(1)

where: n = Sample size; N = Total population 130 (papa and quinoa producers in the
community from two campaigns); Z = 95% confidence level (1.96); p = Probability in favor
50%; q = Probability against 50%; e = Sample error 10%.

2.3. Variables Assessed

Variables of social (housing, education, family composition, and levels of social in-
tegration), economic (land tenure, labor sources, productivity, cost of production, sales
price, and added value of primary products), and environmental (pest control, pollution,
rotation systems, soil slope management, genetic diversity, among the most important)
were identified and adapted (Table 1).
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Table 1. Characteristics of the economic, environmental, and social variables of the Palermo Rio
Salado community.

Economic Environmental Social

A. Profitability A. Soil life conservation A. Satisfaction of basic needs
A1. Cultivated surface A1. Crop rotation A1. Housing type

A2. Productivity A2. Crop diversification A2. Level of education
A3. Pest incidence A3. Organic matter incorporation A3. Access to health insurance

B. Economic income A4. Land preparation A4. Basic services
B1. Monthly net income B. Risk of erosion B. Acceptability of production systems

C. Economic risk B1. Predominant slope B1. Producer satisfaction level
C1. Diversification for sales B2. Vegetation coverage B2. Production systems
C2. Marketing distribution C. managing biodiversity C1. Level of social integration
C3. Dependence on inputs C1. Conservation in situ of varieties D. Technical assistance and training

- C2. Pest/disease management D1. Level of social assistance and training
- C3. Quality seed production -

Figure 2 shows the hierarchical system and the relationship between the agroecosystem
functions or dimensions and the principles, criteria, and indicators.
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2.4. Sustainability Indicators

For the elaboration and application of sustainability indicators, it was analyzed in
depth to explore its scope and limitations. This methodology is considered an essential tool
for measuring and assessing the degree of sustainability of productive systems, as it simul-
taneously allows the evaluation of various aspects such as productivity, environmental,
social, and economic sustainability, as well as local culture and temporal dynamics [34]. It
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is, therefore, crucial to understand how this methodology can be applied, its benefits, its
possible limitations, and how they can be overcome.

Several workshops were held in the farming community of Palermo Rio Salado, where
local experts and producers from the study area selected and defined the variables to
identify the most critical economic, environmental, and social indicators in potato and
quinoa production. Due to COVID-19 restrictions, the meetings were restricted. The
methodological sequence was carried out to define the indicators that reflect the current
state of potato and quinoa production systems. Figure 3 shows the methodology, which
consists of a series of phases that lead to indicators appropriate for assessing the critical
points of sustainability of the agroecosystems. The purpose was to create a methodology
that is easy to follow and that allows the assessment of those aspects that endanger the
sustainability of agricultural systems. The sequence of procedures for elaborating and
applying the sustainability indicators is presented below:

Sustainability 2023, 15, x FOR PEER REVIEW 6 of 24 
 

Figure 2. Roles, fundamentals, and sustainability criteria for potato and quinoa cultivation. 

2.4. Sustainability Indicators 
For the elaboration and application of sustainability indicators, it was analyzed in 

depth to explore its scope and limitations. This methodology is considered an essential 
tool for measuring and assessing the degree of sustainability of productive systems, as it 
simultaneously allows the evaluation of various aspects such as productivity, environ-
mental, social, and economic sustainability, as well as local culture and temporal dynam-
ics [34]. It is, therefore, crucial to understand how this methodology can be applied, its 
benefits, its possible limitations, and how they can be overcome. 

Several workshops were held in the farming community of Palermo Rio Salado, 
where local experts and producers from the study area selected and defined the variables 
to identify the most critical economic, environmental, and social indicators in potato and 
quinoa production. Due to COVID-19 restrictions, the meetings were restricted. The meth-
odological sequence was carried out to define the indicators that reflect the current state 
of potato and quinoa production systems. Figure 3 shows the methodology, which con-
sists of a series of phases that lead to indicators appropriate for assessing the critical points 
of sustainability of the agroecosystems. The purpose was to create a methodology that is 
easy to follow and that allows the assessment of those aspects that endanger the sustain-
ability of agricultural systems. The sequence of procedures for elaborating and applying 
the sustainability indicators is presented below: 

 
Figure 3. Methodology for constructing sustainability indicators for potato and quinoa crops in the 
Aynoka of Juli—Puno. 

2.4.1. Value of Economic Indicator 
In calculating the economic indicator (EK), the profitability indicator (A) was given 

importance by assigning a weight of 2. Profitability is crucial for directly assessing the 
farmer’s financial condition. The indicators of net monthly income (B) and economic risk 
(C) are also considered with a simple weighting. A structure was defined to analyze this 
economic dimension, including three essential indicators: profitability, net income, and 
economic risk. These indicators were identified as the most significant and relevant in the 
specific context of the area under study. Their selection is based on their ability to provide 
a clear and accurate understanding of the economic situation regarding the income; Equa-
tion (2): 

Figure 3. Methodology for constructing sustainability indicators for potato and quinoa crops in the
Aynoka of Juli—Puno.

2.4.1. Value of Economic Indicator

In calculating the economic indicator (EK), the profitability indicator (A) was given
importance by assigning a weight of 2. Profitability is crucial for directly assessing the
farmer’s financial condition. The indicators of net monthly income (B) and economic risk
(C) are also considered with a simple weighting. A structure was defined to analyze this
economic dimension, including three essential indicators: profitability, net income, and
economic risk. These indicators were identified as the most significant and relevant in
the specific context of the area under study. Their selection is based on their ability to
provide a clear and accurate understanding of the economic situation regarding the income;
Equation (2):

EK =
2 ∗ (A1 + A2 + A3)

3 + B1
1 + (C1 + C2 + C3)

3
4

(2)

where: A1. Cultivated Surface; A2. Productivity; A3. Pest incidence; B1. Monthly net
income; C1. Diversification for sales; C2. Marketing distribution; C3. Dependence on inputs

2.4.2. Value of Environmental Indicator

In calculating the environmental indicator (EI), it is recognized that the soil life con-
servation indicator (A) is the most critical. This indicator is directly related to the soil as a
primary resource for agricultural production and household food security. Its preservation
is fundamental to ensure a sustainable environment and an adequate quality of life.
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Within the Palermo Rio Salado farming community, it was determined that the key
indicators for measuring environmental aspects include soil life conservation, erosion risk,
and biodiversity management. These indicators are fundamental to assessing the quali-
tative and quantitative characteristics of the ecological setting in this specific community;
Equation (3):

EI =
2 ∗ (A1 + A2 + A3 + A4)

4 + B1 + B2
1 + (C1 + C2 + C3)

3
4

(3)

where: A1. Crop rotation; A2. Crop diversification; A3. Organic matter incorporation;
A4. Land preparation; B1. Predominant slope; B2. Vegetation coverage; C1. Conservation
in situ of varieties; C2. Pest/disease management; C3. Quality seed production.

2.4.3. Value of Social Indicator

When weighing the Social Indicator (SI), the relevance of the satisfaction of basic
needs (A) indicator is highlighted by assigning a duplicate value of 2. This indicator is
vital for measuring the family’s well-being regarding its access to housing and essential
services, which are fundamental elements for a dignified and quality life. In the specific
context of the Palermo Rio Salado community, four key indicators were established to assess
different aspects relevant to community well-being and development. These indicators
cover the measurement of the satisfaction of basic needs, the acceptability of potato and
quinoa production systems, social integration, and the valuation of technical assistance and
training. Their consideration in the analysis provides a deep and enriching understanding
of the social and economic reality in this community; Equation (4):

SI =
2 ∗ (A1 + A2 + A3 + A4)

4 + B1 + B2
2 + C1

1 + D1
1

5
(4)

where: A1. Housing type; A2. Level of education; A3. Access to health insurance;
A4. Essential services, B1. Producer satisfaction level; B2. Production systems; C1. Level of
social integration; D1. Level of social assistance and training

2.5. General Sustainability Index (GSI)

The selection of the proposed formula for calculating this index is based on its proven
effectiveness and relevance in previous research [35]. The calculation of the sustainability
index varies according to the context and the criteria established. It generally involves
assigning weights to selected indicators and combining them in a formula or equation to
obtain a numerical value that reflects the degree of sustainability of the system.

The sustainability index is used as an evaluation and monitoring tool to measure
progress toward sustainability and to make informed decisions on policies, practices, and
actions to be implemented. Its main objective is to balance human well-being, environmen-
tal conservation, and long-term economic viability. All three dimensions are valued equally
because, in a correct perspective of sustainability, they are attributed the same relevance
and, consequently, given an identical value; Equation (5):

GSI =
IK + IA + IS

3
(5)

The criteria established that in the peasant community that practices Aynoka, the index is
expected to be higher than 2 as a minimum. It also highlights the importance that none of the
indicators corresponding to the three dimensions evaluated should have a value of less than
2 [35]. The sustainability index is a comprehensive measure that assesses the performance
of a system in terms of sustainability, considering the different dimensions involved. Its
calculation is based on relevant indicators and appropriate weightings to provide an overview
of sustainability and guide decision-making toward more sustainable development.
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2.6. Selection, Evaluation of Indicators for Sustainable Development, and Validation Process

A consensus validation process was used to determine each indicator’s relevance,
which was done to conduct a comprehensive analysis. A total of 10 indicators and 24 sub-
indicators were selected and organized into three dimensions of sustainable development
in the methodology proposed [36]. It ensured that all hands were appropriate and relevant
to the study. Five response options were established for each sub-indicator, allowing for
greater precision in assessing each dimension of sustainable development. This response
structure allowed for a wide range of information on each indicator and sub-indicator,
which facilitated the identification of strengths and weaknesses in sustainable development
in the community. Both hands were assessed on a scale of 1 to 5, with higher points denot-
ing increased sustainability and lower points indicating reduced sustainability (Table 2).
Formulae, including weights, were applied to determine the study community’s economic,
environmental, and social indicators. These weights were assigned according to the degree
of importance and each indicator’s significance relative to the other indicators assessed.

Table 2. Assessment parameters of the General Sustainability Indicator (GSI).

Scale Description of Assessment Levels Sustainability Level

(1) The very critical or extreme level of the unsustainability of
production systems of Extreme

(2)
low or critical level of sustainability of production systems. The

production system requires urgent changes at the level of the
components of the three dimensions to reach sustainability values.

Critical

(3)

Minimum acceptable threshold of sustainability of quinoa production
systems, and the systems need to implement measures to improve
their valuation since any adversity in the components of the three

dimensions can affect sustainability.

Weak

(4)

Medium level of sustainability. Although it is a scale close to the
optimal value (5), it is necessary to implement mechanisms for

continuous improvement at the economic–technological level, use,
and conservation of resources, family, and community.

Well-being

(5)

Maximum threshold or high level of sustainability of quinoa
production systems to remain at these levels, the production systems

need to implement internal quality control mechanisms, efficiency,
and effectiveness in using inputs, profitability, and high levels of

respect and coexistence in the agroecosystems of the communities of
Chiara, Ayacucho.

High

2.7. Validation of Consistency of Indicators

The indicators defined according to the methodology and conceptual framework [36]
were used, following the guidelines established by [37,38]. Adjustments were made to
the model used by [39]. To ensure ease and low cost in obtaining and interpreting them,
10 indicators and 24 sub-indicators were chosen. These measures provided the necessary
information to identify trends in potato and quinoa production and marketing, as well as
resource use and dependence on external inputs, among other factors that influence the
sustainability of production systems in the area analyzed [36,40].

The participatory rural appraisal methodology was to carry out a complete analysis of
the agroecosystem to collect information. Surveys containing structured questions applied
to 50 producers selected through simple random sampling were used to ensure that each
member of the population had the same probability of being included in the study [41–43]. The
comparison of production units was a valuable strategy to address the different dimensions
of sustainability, which involved standardizing the data on a scale of 1 to 5, with a value of
5 reflecting the highest degree of sustainability and 1 indicating the lowest level. It was thus
possible to combine different indicators covering different dimensions and characteristics
of the system. By considering various indicators, such as economic, environmental, and
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social, it was possible to obtain a more complete and accurate view of the sustainability of the
production system [44].

3. Results
3.1. Sustainability Assessment

Sustainability is a complex concept with multiple dimensions, as it encompasses eco-
nomic, ecological, productive, social, and cultural objectives and temporal ones. Therefore,
its evaluation is not as straightforward as comparing performance. Indicators must be
developed to simplify this complexity and clearly show trends [45]. The variables were
defined to evaluate the economic, environmental, and social indicators that were selected
based on a literature review, critical aspects related to the activity of organic, conventional,
and alternative potato and quinoa production systems, the characteristics of the producers
in the region, conditions observed in the field and consultation with professionals in the
field of research. In identifying indicators and variables, descriptors and criteria were
defined. Indicators were chosen that are easy to obtain and interpret, provide the necessary
information and allow for the detection of trends in the study area. These are composed, in
turn, of sub-indicators and selected and quantified variables that make up, respectively, the
selected indicators or sub-indicators. The results were obtained through surveys applied
during the field phase. To elaborate on the indicators, we followed the methodology and
the proposed conceptual framework and guidelines [37,38].

3.2. Sustainability of Economic Indicator

From the results of the cultivated area and production area, 85.5% of the farmers
sow areas between 0.25 and 0.5 ha. Of the farmers, 14.5% have smaller sizes than 0.25 ha
(Figure 4a). It can be seen that the plots are small and there are no farmers with areas larger
than 1 ha in the Aynoka of the farming community of Palermo Rio Salado. As economic
growth is experienced, people’s standard of living indeed tends to improve [46].

In the sample, 100.0% of the farmers report a productivity or yield per hectare between
5 and 10 tons/ha. The low products in potato cultivation are due to several negative factors,
including poor soil preparation with an animal-drawn plow, which barely scrapes the
surface, resulting in a planting depth of only 0.12 cm and a distance between furrows that
varies between 0.60 and 0.70 cm; seed potatoes of traditional varieties with reduced weight
are used, little natural fertilizer is incorporated, and planting is done outside the optimum
date [4]. In addition, cultural work and pest and disease control are deficient, which leads
to low production and productivity. As for the selling prices of potatoes in Peru, they can
vary according to the season, supply and demand, and other factors such as the region of
the country and the type of potato. Potato prices vary between 0.50 PEN and 3.00 PEN
per kilogram. Potatoes grown in the Altiplano region have sustainable prices due to local
market preference.

Concerning quinoa and potato production, it is an essential source of income for
local farmers. However, the quality of the villagers’ houses can affect their well-being
and quality of life. According to the information gathered through the surveys, 23.6%
of the homes are of noble material and excellent quality, 45.5% are of noble material
and good quality, and 3.9% are of regular adobe material and earthen floor, according to
Figure 4c. According to the current study, which included a survey of 55 producers, it
was observed that only 1 of the farmers reached a level of integration considered very
good. Another group, representing 25.5% of the respondents, demonstrated integration
rated as good. The next group, representing 65.5% of the participants, showed a fair
level of integration. Finally, 7.3% of the farmers were identified as poor needing better
integration. In Aynoka, the diversity in the supply of products for sale in potato and quinoa
(Table 3) ranges between 3 and 5 products. Among these products, potatoes and quinoa
are the predominant crops used for family food and marketing. In addition to potato
and quinoa, cereals and legumes are grown occasionally, mainly for family consumption,
and can also be marketed. Diversification in present-day farming happens via genetics
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and landscape changes facilitated by technology [47]. Furthermore, diversification of
agricultural production decreases susceptibility to climate change and improves soil quality
and fertility, as mentioned in the study by [48].
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Figure 4. (a) Economic indicators; (b) Environmental indicators; (c) Social indicators from the results
of the surveys carried out among the community members and owners of the Aynoka.
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Table 3. Indicators of economic sustainability of the potato and quinoa in Palermo Rio Salado, Juli.

A B C Potato

Economic A1 A2 A3 B1 C1 C2 C3 E.K.

Combined 1.27 2.00 4.55 2.32 3.77 5.00 3.27 2.89
Organic 1.06 2.00 5.00 2.36 3.64 5.00 3.55 2.95
Average 1.17 2.00 4.77 2.34 3.70 5.00 3.41 2.92

A B C Quinoa

Economic A1 A2 A3 B1 C1 C2 C3 E.K.

Combined 1.27 3.00 4.27 2.68 3.77 3.86 4.05 3.07
Organic 1.06 3.00 4.27 2.03 3.64 4.45 3.82 2.89
Average 1.17 3.00 4.27 2.36 3.70 4.16 3.93 2.98

3.3. Sustainability of Environmental Indicators

Crop rotation in the Aynoka used in the Palermo Rio Salado farming community is an
ancestral practice that benefits agriculture and the environment. Crop rotation maintains
soil fertility, reduces erosion, and prevents the spread of diseases and pests. In this system,
farmers grow different crops on the same plot of land for a certain period and then switch
to other crops the following planting season. Crop rotation also helps to improve crop
quality, as each species absorbs different nutrients from the soil, which helps to maintain
soil fertility and reduce reliance on chemical fertilizers. This crop rotation and genetic
diversity system is a valuable practice that should be promoted and replicated in other
farming communities. Recognizing and valuing ancestral and traditional farming practices
is essential, as it can offer sustainable and practical solutions to today’s food production
challenges and environmental protection.

Another environmental factor is pest control. In the Palermo Rio Salado farming
community, 89.1% of the farmers use the cultural control method for pest management,
while the remaining 10.9% use the chemical control method. Cultural control refers to
agricultural practices that seek to prevent or reduce the appearance of pests, such as
using resistant varieties, crop rotation, pruning, and manual elimination of problems,
among others. In contrast, chemical control involves the use of chemicals to control pests.
While weather events indicate that 71% of agriculture is negatively affected by hail, the
remaining 29% is affected by frost. Farmers in the study area lack adequate technologies
and techniques to protect their crops from hail. Regarding potato varieties, 84% of the
farmers plant between 2 and 3 varieties and 16% between 5 and 9 varieties. The diversity
of potato varieties is an essential aspect of traditional agriculture in the Andes because it
ensures a more stable and diverse source of food and income. This result shows that within
the community, there are still farmers who retain the practice of growing multiple potato
varieties and thus reduce the adverse effects of diseases/pests and unpredictable negative
changes in climatic conditions. However, it is essential to note that some studies suggest
a trend of decreasing crop diversity in the rural areas of the Andes due to urbanization,
modernization, and the influence of markets. Similarly, quinoa varieties that 7% of farmers
plant two varieties, 40% plant three varieties, and 53% plant up to four types.

In potato cultivation, it was found that variety conservation and seed management
played an essential role in the sustainability of the crop. The sub-indicator of variety
conservation obtained a value of 3.20, indicating that significant efforts were made to
preserve genetic diversity by planting different potato varieties. Ensuring the crop’s
resilience to diseases and environmental changes is crucial.

On the other hand, the seed management sub-indicator had a value of 3.18, implying
that good practices were applied in seed potato management. These include selecting and
conserving quality seeds and adopting appropriate storage techniques to ensure long-term
viability. According to Table 4, a value of 4.45 was observed for the pest management
sub-indicator, indicating that this effective strategy was implemented to control pests
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in the potato crop. The primary approach was cultural control, which involves using
good agricultural practices such as crop rotation, weeding, and implementing reasonable
hygienic procedures in crop management. This has helped minimize the use of chemicals
and promoted a more sustainable approach to pest control. Quinoa cultivation has essential
aspects related to the conservation of varieties, and seed management was also observed.
The sub-indicator to the preservation of quinoa varieties in Table 4 obtained a value of
2.98, which indicates that efforts to preserve the genetic diversity of this plant have been
reduced. The conservation of quinoa varieties is crucial to maintain the adaptability and
resistance of this crop to various factors, such as climate change and disease.

Table 4. Indicators of environmental sustainability of the potato and quinoa in Palermo Rio Salado, Juli.

A B C Potato

Environment A1 A2 A3 A4 B1 B2 C1 C2 C3 E.I.

Combined 5.00 3.41 3.00 1.00 5.00 5.00 3.41 3.91 3.09 3.67
Organic 5.00 3.73 3.27 1.00 5.00 5.00 3.00 5.00 3.27 3.81
Average 5.00 3.57 3.14 1.00 5.00 5.00 3.20 4.45 3.18 3.74

A B C Quinoa

Envi-
ronment A1 A2 A3 A4 B1 B2 C1 C2 C3 E.I.

Combined 5.00 3.41 1.00 2.00 5.00 5.00 2.95 3.73 3.32 3.98
Organic 5.00 3.73 1.00 2.00 5.00 5.00 3.00 3.91 3.67 4.09
Average 5.00 3.57 1.00 2.00 5.00 5.00 2.98 3.82 3.49 4.04

On the other hand, the quinoa seed management sub-indicator had a value of 3.49
(Table 4), also suggesting that good seed management practices were applied. This implies
selecting and conserving quality seeds and adopting appropriate storage techniques to en-
sure their viability and quality. Properly managing quinoa seeds ensures good germination,
healthy plant growth, and a successful harvest. These findings highlight the importance of
variety conservation and seed management in quinoa cultivation. This crop’s productiv-
ity and resilience are promoted by preserving genetic diversity and using quality seeds.
Furthermore, these practices contribute to maintaining the sustainability and continuity of
quinoa production, thereby ensuring its availability as a nutritious and sustainable food
source. This diversity gives it an innate resilience to abiotic stresses and climate change,
allowing it to survive and thrive in challenging environments [49].

3.4. Sustainability of Social Indicators

Other results show that 78% of the producers are male and 22% are female. This result is
similar to the one reported by [50], in which it is mentioned that out of every 10 agricultural
producers, about 7 are men and 3 are women. In this rural community, women are still mainly
in charge of traditional tasks related to household care, such as cleaning, taking care of clothes,
or preparing meals. At the same time, men manage production and crop management. A
similar observation is reported in Mexico [51]. A large part of the producers is between 30
and 60 years old; together, they represent 48.9% of the population. A similar study conducted
in Ayacucho found that 82% of producers were between 20 and 49 years old. This population
is more susceptible to change and adopting new technological innovations.

In the community of Palermo Rio Salado, 100% of the farmers have some level of
education, 14.5% of the respondents have primary education, are the oldest farmers, and
generally reside near the Aynoka. Next, 69.1% of farmers have secondary education and
in age are below 55 years old and live in the countryside as well as in the vicinity of the
city, and 16.4% have a technological level of education due to the availability of this type of
education in the setting and also reside in the countryside and the city this. El [52] mentions
that younger and more educated farmers can adopt new technologies or production systems
more quickly.
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During the social sustainability indicator assessment, including mixed and organic
production systems, a survey was conducted to obtain relevant information on social sus-
tainability in these crops. This survey made it possible to collect accurate and representative
data on different social aspects related to potato and quinoa production, which provided a
complete picture of the social sustainability of both crops.

The Social Indicator (SI) shows values above 3 in both systems, indicating sustainability.
In the mixed system, the education level sub-indicator has a critical value of 2.86, reflecting
the poor educational background due to lack of access to education, which hinders the
adoption of technologies (Table 5). The Social Indicator (SI) values for the mixed and
organic production systems for potato and quinoa cultivation are 3.27 and 3.50, respectively.
These values indicate that they are in the range of weak sustainability, as they are between 3
and 3.99. Although considered sustainable, aspects can still be improved to achieve greater
social sustainability in both production systems.

Table 5. Indicators of social sustainability of the potato and quinoa in Palermo Rio Salado, Juli.

A B C D Potato and Quinoa

Social A1 A2 A3 A4 B1 B2 C1 D1 SI

Combined 3.45 2.86 2.73 3.55 3.45 3.00 3.14 3.91 3.27
Organic 4.24 3.12 3.00 3.00 4.00 4.00 3.27 5.00 3.50
Average 3.85 2.99 2.86 3.27 3.73 3.50 3.20 4.45 3.38

3.5. Sustainability of the Ancestral Amoeba Diagram Indicators

The amoeba diagram (Figure 5a,b) shows that the organic system is less dependent on
external inputs and pest incidence. Nevertheless, such a system has three critical points:
productivity, net income, and cultivated area. However, there are alternatives or trade
channels that could have a positive impact on profitability.

One of the highlights of the marketing strategy was the producers’ ability to reach the
local market directly. This strength translated into many benefits for both producers and
consumers. Producers could obtain a higher profit margin by eliminating intermediaries in
the marketing channels by selling directly to the final consumer. It allowed them to get a
fair price for their work and effort and have greater control over the sales process. Farmers’
Markets are places where farmers and artisans sell goods directly to consumers from stalls,
highlighting the direct producer–consumer relationship [53].

In the farming community of Palermo Rio Salado, the prevalence of short-distance
marketing channels stands out. It has advantages for buyers, as they can purchase potato
and quinoa products at a lower cost. The variables of cultivated area, productivity, and
net income are far from optimal levels of sustainability, which had a significant impact on
the low value of the EK indicator. Furthermore, as shown in Figure 5a,b, the indicators of
maximum sustainability are associated with pest incidence and marketing channels. These
factors contribute positively to sustainability. However, cultivated areas and marketing
channels presented the values furthest from the sustainability threshold, indicating the
need for attention and improvement.

From Figure 5c, it can be seen that, in potato cultivation in both the mixed and organic
systems, land preparation stands out as a critical indicator due to the intensive use of
farm machinery. This result indicates how land preparation significantly impacts potato
cultivation, especially regarding machinery management. It is important to consider
sustainable practices that minimize the negative impact on the soil and preserve its quality
in the long term.
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On the other hand, Figure 5d shows that in quinoa cultivation, both in the mixed and
organic systems, soil preparation and incorporation of organic matter are critical indicators.
This is due to quinoa’s low soil fertility requirements, significantly when grown after the
potato is planted the previous year. Since potato is a more nutrient-demanding crop, it is
crucial to ensure adequate soil preparation and sufficient incorporation of organic matter
to ensure that quinoa has the right conditions for healthy growth.

These findings highlight the importance of considering crops’ land preparation prac-
tices and organic matter incorporation. They also point to the extent of crop rotation to
maximize soil use efficiency and maintain soil fertility in the long term. It is essential to
adopt sustainable approaches that promote soil conservation and crop health, contributing
to the sustainability and productivity of potato and quinoa cropping systems.
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The value of the Environmental Indicators of organic production is closer to the ideal
situation, reaching a score of 4.04. However, it is vital to address a critical aspect related
to the indicator of land preparation and conservation of quinoa varieties, whose value of
2.98 reflects the displacement and loss of local quinoa ecotypes due to adopting improved
varieties. According to [54], starting in the 1900s, roughly 75 percent of plant genetic
diversity disappeared as farmers globally transitioned from diverse landraces to uniform,
high-yielding strains. This was supported by [55], who, in a study of quinoa production
systems in Chiara, point to a trend of loss of landraces in traditional techniques due to
replacement by varieties in high market demand.

According to the data presented Figure 5e, specific indicators are closer to the ideal
level of sustainability in the context analyzed. Specifically, housing quality stands out,
with a value of 3.85, which implies that a satisfactory grade has been achieved regarding
habitability conditions for the producers. In addition, the level of producer satisfaction
reaches a value of 3.73, indicating a considerable degree of satisfaction concerning their
agricultural activity. Finally, technical assistance obtains the highest value among the
indicators evaluated, with an outstanding 4.45, indicating that adequate technical support
is provided to producers.

The indicators related to essential services, production systems, and social integration
show a weak level of sustainability, as their values barely exceed the minimum threshold.
This indicates that there are significant challenges in these areas in terms of their sustainabil-
ity in the assessed context. In other words, the indicators for essential services, production
systems, and social inclusion reflect critical issues concerning these crucial aspects. The
values recorded are slightly above the minimum required, but much work still needs to be
done to improve and strengthen their sustainability. In summary, the assessment indicates
that essential services, production systems, and social inclusion require more attention and
additional efforts to achieve a more robust level of sustainability in the context analyzed.

On the other hand, critical points were identified in the health services, where 11% of
the producers perceive regular attention with a lack of equipment and unqualified person-
nel, while 89% qualify as poorly equipped and with temporary personnel. Furthermore,
the level of education also appears to be a critical aspect in the evaluated context. Social
sustainability implies ensuring that communities and individuals have access to resources,
services, and opportunities that enable them to meet their basic needs, develop fully, and
enjoy a good quality of life. It is essential to consider different dimensions, such as equity,
citizen participation, social justice, cultural diversity, security, and social cohesion [56].

3.6. General Sustainability Index (GSI)

Figure 6a shows that the values obtained for the Environmental Sustainability Index
(ESI), 3.74, and the Social Sustainability Index (SSI), 3.38, reflect a medium level of sustain-
ability. However, it is essential to highlight that the Economic Sustainability Index (EKI)
presents a limited contribution to the sustainability of potato production, being situated in
the weak sustainability range with a value of 2.92. The values obtained for the Environmen-
tal Sustainability Index (ESI) and the Social Sustainability Index (SSI) in quinoa production
indicate a medium level of sustainability. The ESI reaches a value of 4.04, while the SSI
shows a value of 3.38. However, it is essential to note that the Economic Sustainability
Index (ESI) has a limited contribution to the sustainability of quinoa production, being in
the weak range of sustainability with a value of 2.98 (Figure 6a). Studies indicate a potential
to increase the share of sustainable agriculture globally in the field by 40–60%. This increase
is based on addressing nitrogen deficiencies affecting organic agriculture [8].



Sustainability 2023, 15, 13163 16 of 23

Sustainability 2023, 15, x FOR PEER REVIEW 17 of 24 
 

40–60%. This increase is based on addressing nitrogen deficiencies affecting organic agri-
culture [8]. 

The results obtained for potato and quinoa cultivation in the mixed and organic pro-
duction systems, according to the General Sustainability Index (GSI) presented in (Figure 
6b,c), indicate medium sustainability. The values of the Environmental and Social Indica-
tors are slightly above the minimum acceptable threshold of sustainability, which implies 
the need to implement measures to improve their evaluation. 

Results reveal that the quinoa boom significantly increased the hectares cultivated 
with this crop by 43% in 2014, compared to projections without the crash. This phenome-
non has led to a rapid expansion of production in ancestral quinoa-growing areas and the 
introduction of quinoa in new regions. The effects of this growth are already evident in 
the land cover transitions observed in Peru, including the relocation of other crops, the 
rebound of quinoa in previously abandoned areas, and the cascading effects along the 
production chain [57]. 

 
Figure 6. (a) Overall Sustainability Indicator of potato and quinoa; (b) overall Sustainability Indica-
tor of potato; (c) overall sustainability of quinoa in the Aynoka. 

4. Discussion 
4.1. Preservation and Sustainability of Potato and Quinoa 

Sustainability is a complex, multidimensional concept encompassing economic, eco-
logical, productive, social, and cultural objectives and temporal ones. Therefore, its assess-
ment is more complex than comparing performance. Indicators must be developed to sim-
plify this complexity and clearly show trends [45]. The Altiplano region is characterized 
by its extensive territory dedicated to potatoes, specifically quinoa cultivation, covering 
around 37,000 hectares, representing a significant proportion of 44% of national produc-
tion. Farmers in this region have achieved outstanding yields of over 1200 kg per hectare, 
demonstrating their commitment and skill in cultivating this highly nutritious cereal. 

Agriculture in the highland region of Puno and the farming community of Palermo 
Rio Salado face severe problems due to the extreme weather conditions that have been 

Figure 6. (a) Overall Sustainability Indicator of potato and quinoa; (b) overall Sustainability Indicator
of potato; (c) overall sustainability of quinoa in the Aynoka.

The results obtained for potato and quinoa cultivation in the mixed and organic
production systems, according to the General Sustainability Index (GSI) presented in
(Figure 6b,c), indicate medium sustainability. The values of the Environmental and Social
Indicators are slightly above the minimum acceptable threshold of sustainability, which
implies the need to implement measures to improve their evaluation.

Results reveal that the quinoa boom significantly increased the hectares cultivated with
this crop by 43% in 2014, compared to projections without the crash. This phenomenon
has led to a rapid expansion of production in ancestral quinoa-growing areas and the
introduction of quinoa in new regions. The effects of this growth are already evident in
the land cover transitions observed in Peru, including the relocation of other crops, the
rebound of quinoa in previously abandoned areas, and the cascading effects along the
production chain [57].

4. Discussion
4.1. Preservation and Sustainability of Potato and Quinoa

Sustainability is a complex, multidimensional concept encompassing economic, ecolog-
ical, productive, social, and cultural objectives and temporal ones. Therefore, its assessment
is more complex than comparing performance. Indicators must be developed to sim-
plify this complexity and clearly show trends [45]. The Altiplano region is characterized
by its extensive territory dedicated to potatoes, specifically quinoa cultivation, covering
around 37,000 hectares, representing a significant proportion of 44% of national produc-
tion. Farmers in this region have achieved outstanding yields of over 1200 kg per hectare,
demonstrating their commitment and skill in cultivating this highly nutritious cereal.

Agriculture in the highland region of Puno and the farming community of Palermo Rio
Salado face severe problems due to the extreme weather conditions that have been occurring
frequently in recent years, reducing productivity and crop quality. Other studies indicated
that hail is one of the main factors limiting potato and quinoa production in the region,
causing crop damage and reducing yields [58]. Adherence to solid sustainability in defining
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indicators and sub-indicators demonstrates a deep understanding of the interdependence
between agroecosystems and natural resources. By considering natural capital as a provider
of indispensable functions, it recognizes the need to preserve and sustainably manage these
resources to ensure long-term agricultural development in the farming community of
Palermo Rio Salado. It is crucial to address the interrelationship between economic growth,
natural resources, and the environment to pursue sustainable development [59].

4.2. Sustainability Economic, Environmental, and Social Indicators

Conservation agriculture represents a fundamental arrangement to meet present and
future food needs while seeking to improve the livelihoods of farmers and society at large.
To achieve this goal, all aspects of agriculture must adhere to sustainable practices [60].
Government support plays a crucial role in achieving sustainable agriculture, as govern-
ments can help businesses reduce costs and make it easier for consumers to purchase
renewed products [61]. Different approaches to sustainable farming seek to secure food
and ecosystem services for both present and future generations amid climate change,
higher energy expenses, societal unrest, financial instability, and growing environmental
deterioration [60,62,63]. Evaluating sustainability employs indicators to yield quantifiable
data, facilitating goal setting through long-term strategies for sustainable development.
Sustainable development is the pathway to achieve overall sustainability, emphasizing sys-
temic well-being. In comparison, sustainability embodies the qualitative outcome observed
through factors and indices [64].

Potato and quinoa are grown in four production systems: intensive conventional
agriculture harms climate change, water pollution, decreased biodiversity, and depletion
of natural resources while suffering the direct consequences of these problems [60]; in the
traditional production system, low production and productivity rates are recorded in small
areas with subsistence economies; mixed or alternative with rational use of agrochemicals
and responsible management of the means of production [61]; products grown in the
organic system receive technical assistance and are destined for commercialization in
international markets [38]. A set of 10 indicators and 24 sub-indicators were identified and
grouped according to the three dimensions of sustainable development. The focus was on
selecting hands that were of practical use and easy to obtain and interpret, which would
allow for the detection of relevant trends in the field of study.

In addition, the presence of varieties from other intensive farming regions can also
influence prices, as these varieties can compete with the local potato and reduce their value.
This puts small farmers in an even more vulnerable position regarding trade and prices.
Lack of collective action and intermediaries dictating low prices are the main constraints
to potato marketing in Kenya [65]. This means that smallholder farmers need help to
organize themselves to negotiate better prices or to sell directly to the market, resulting in
a situation where intermediaries set low prices that do not reflect the actual value of the
potato. Decision-makers recognize the importance of economic performance in ensuring
the financial sustainability of the primary sector [66]. By protecting and promoting this
dimension of sustainability, they seek to balance economic growth, profitability, and the
long-term viability of agricultural and related activities. This increase in living standards
leads to a greater demand for food to meet the needs of a growing population. More arable
land is required to meet this demand [46]. Economic growth and improved living standards
lead to an increased demand for food, implying the need to expand arable land and adopt
more efficient agricultural practices to ensure long-term food supply.

The study found that most farmers have small cultivated areas ranging from 0.25
to 0.5 hectares, which is common in the region. This is consistent with the subsistence
of farming in the area and reflects limited land availability. However, the study also
emphasizes the need for increased arable land to meet the growing demand for food
due to economic growth and improved living standards. This finding aligns with the
understanding that population growth and rising living standards drive increased food
demand [28]. Regarding the selling price of quinoa, specifically in the localities adjacent
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to the farming community of Palermo Rio Salado, Juli, prices vary from 30 to 50 soles
per arroba depending on the variety and the production system, resulting in a cost of
approximately 4 soles per kilogram of quinoa grain on the local market. The most important
economic factors are the worldwide recognition of quinoa, which led to a price increase
between 2013 and 2015 due to high national and international demand. Farmers point to
the significant rise in the areas of two high-order varieties in the market: Blanca de Juli
and Instituto Nacional de Investigación Agraria (INIA). This reduced the characteristic
diversity of the Aynoka, standardizing the fields and thus favoring genetic vulnerability.
Although this was positive for the family economy, the country, and the region, it can
negatively impact the environment and lead to changes in the farmer’s cropping and
feeding patterns [67].

The value of the Environmental Indicators of organic production is closer to the ideal
situation, reaching a score of 4.04. However, it is crucial to address a critical aspect related
to the indicator of land preparation and conservation of quinoa varieties, whose value of
2.98 reflects the displacement and loss of local quinoa ecotypes due to adopting improved
varieties. According to [54], starting in the 1900s, roughly 75 percent of plant genetic
diversity disappeared as farmers globally transitioned from diverse landraces to uniform,
high-yielding strains. This is supported by [55], who, in a study of quinoa production
systems in Chiara, point to a trend of loss of landraces in traditional techniques due to
replacement by varieties in high market demand. Climate variables support the idea that
a one-degree Celsius increase in average temperature causes economic losses of 320 USD
per hectare for farmers in the Puno region. However, it has been found that, with climate
change adaptation measures, these financial losses could be reduced by 43.9%, even in the
most challenging climate scenario [68,69].

The social aspects of sustainability are often mentioned but rarely examined in depth.
This pillar is considered the weakest and least explored [70]. After a brief review of existing
concepts and theories, this research adopts a case study technique to comprehensively
analyze the third pillar of sustainability. It proposes social capital as a measure of social
sustainability. To explore the social dimension in crop production, such as potatoes and
quinoa, consider various aspects involving communities and related social actors. The
Social Indicator (SI) values for the mixed and organic production systems for potato and
quinoa cultivation are 3.27 and 3.50, respectively. These values indicate that they are in
the range of weak sustainability, as they are between 3 and 3.99. Although considered
sustainable, aspects can still be improved to achieve greater social sustainability in both pro-
duction systems. Some studies concluded that future agricultural and rural development
policies should prioritize the social dimension. Consideration should be given to the fact
that greater involvement of farmers in improving the economic situation of their families
can reduce stress and workload [71]. In Palermo Rio Salado, all farmers possess education
to varying extents. Of these, 15% have primary education, typically older and residing close
to Aynoka. Next, 69% have secondary education, are generally under 55, living in rural
and urban areas. Furthermore, 16% hold technological education available locally. Some
authors note that educated and younger farmers adeptly adopt new technologies [52].

On the presence of associations or organizations in Colonche and Manglaralto, Ecuador [72],
most farmers surveyed (70%) are affiliated with some association, indicating a social
relationship ranging from fair to very good. These results confirm farmers’ importance and
active participation in associations as a form of collaboration and mutual support in these
communities. Traditional gender roles are observed, with women primarily responsible
for household tasks and men for production. This reflects cultural norms and is consistent
with findings from previous studies [73]. Encouraging the blend of urban and rural
development is a powerful approach to tackling regional economic disparities and lower
income inequality. By linking and coordinating development efforts in urban and rural
areas, positive synergies can be generated that drive economic progress more equitably
and sustainably [74]. Urban–rural integration has become an essential issue in sustainable
urban development. Additional findings reveal that 78% of the producers are male, while
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22% are female. This outcome resonates with the results reported in [50,75], indicating that
among every 10 agricultural producers, approximately 7 are men and 3 are women. Within
this rural community, traditional gender roles persist, with women primarily responsible
for household-related tasks such as cleaning, laundry, and meal preparation. A significant
portion of the producers falls within the age range of 30 to 60 years, collectively constituting
48.87% of the population. A parallel study conducted in Ayacucho yielded analogous
results, indicating that 82% of producers were 20 to 49 years old.

In Bolivia, the intensifying of quinoa productivity has raised concerns about soil degra-
dation and socio-ecological challenges in addressing climate change and ensuring food
security. The Peruvian situation aligns with this: the country has led quinoa production
and export since 2014, contributing about 60% of the worldwide yield [57,76]. Ahead,
agricultural and rural development policies need to emphasize the social dimension as a
top concern. Consideration should be given to the fact that greater involvement of farmers
in improving the economic situation of their families can reduce stress and workload [71].

5. Conclusions

In the community of Palermo Rio Salado, the Aynoka still preserves many ancestral
traditions established by its members. This involves following rotation cycles as part of a
rational management strategy to maintain soil management. Although there is a tendency
to reduce the diversity of cultivated species, each producer or family uses particular tech-
niques, procedures, measurements, formulations, and weights. In addition, the processing
of products such as quinoa (threshing, venting, etc.) and potatoes (storage, etc.) is done at
the family level. As the urbanization of the city of Juli expands, the Aynoka will experi-
ence changes in their configuration as homogeneous areas of cultivation. These areas will
transform into spaces with heterogeneous crops and diverse agricultural facilities. The
Palermo Rio Salado Aynoka still maintains the ancestral rules established by the community
members. The production of potatoes and quinoa in the Aynoka contributes to a healthier
diet, to the economy of the families, and to the food security of the members of the Aynoka.

The analysis of the sustainability of the economic indicator in the potato and quinoa
crops of the farming community of Palermo Rio Salado reveals that the minimum sus-
tainability threshold was not exceeded due to the practice of sequential crop rotation,
where potato is grown first and then followed by quinoa. Sequential crop rotation involves
consecutively growing different crops on the same piece of land. In this case, potato is
grown before quinoa. However, the results indicate that this sequence has not achieved
satisfactory economic sustainability. It was observed that the potato crop occupies the first
place in the crop rotation due to its higher nutritional requirements. This crop is enriched by
applying sheep manure, mainly during the first cycle of Aynoka. This practice ensures that
nutrients are available throughout the Aynoka and are distributed among the crops being
rotated. In the mixed production system, a minimal dose of chemicals is used preventively
in the presence of minimal pests, usually caused mainly by summers and excess rainfall.

This approach seeks to control pests early and minimize their impact on crops. These
production systems reflect the strategies used by farmers in the community to ensure
the success and productivity of quinoa and potato crops. The organic approach is based
on the use of resourceful elements and the promotion of soil fertility. At the same time,
the mixed system combines the use of chemicals in minimal quantities with preventive
practices. These findings highlight the importance of considering crops’ land preparation
practices and organic matter incorporation. They also point to crop rotation’s importance
in maximizing soil use efficiency and maintaining soil fertility in the long term. It is
essential to adopt sustainable approaches that promote soil conservation and crop health,
contributing to the sustainability and productivity of potato and quinoa cropping systems,
and in the community of Palermo Rio Salado, the Aynoka still preserve many ancestral
traditions established by their members. Finally, the findings underscore the necessity
of adopting sustainable practices that foster soil conservation, promote crop health, and
contribute to the overall sustainability and productivity of potato and quinoa cropping
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systems. Ultimately, the cherished ancestral traditions upheld within the community of
Palermo Rio Salado serve as a beacon, guiding the ongoing journey towards sustainable
agricultural practices and holistic well-being.
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Quinoa Genetic Resources Growing in the Climatic Conditions of Central Europe. Foods 2023, 12, 71440. [CrossRef]

19. Food and Agriculture Organization of the United Nations (FAO). Climate Change and Food Security: Risks and Responses; FAO:
Rome, Italy, 2015; ISBN 978-92-5-108998-9.

20. García-Parra, M.; Roa-Acosta, D.; García-Londoño, V.; Moreno-Medina, B.; Bravo-Gomez, J. Structural Characterization and
Antioxidant Capacity of Quinoa Cultivars Using Techniques of Ft-Mir and Uhplc/Esi-Orbitrap Ms Spectroscopy. Plants 2021, 10, 2159.
[CrossRef]

21. De Bock, P.; Van Bockstaele, F.; Muylle, H.; Quataert, P.; Vermeir, P.; Eeckhout, M.; Cnops, G. Yield and Nutritional Characterization
of Thirteen Quinoa (Chenopodium Quinoa Willd) Varieties Grown in North-west Europe—Part I. Plants 2021, 10, 2689. [CrossRef]

22. Hayati, D.; Ranjbar, Z.; Karami, E. Measuring Agricultural Sustainability. In Biodiversity, Biofuels, Agroforestry and Conservation
Agriculture; Lichtfouse, E., Ed.; Springer: Dordrecht, The Netherlands, 2010; pp. 73–100.

23. Arulnathan, V.; Heidari, M.D.; Doyon, M.; Li, E.P.H.; Pelletier, N. Economic Indicators for Life Cycle Sustainability Assessment:
Going beyond Life Cycle Costing. Sustainability 2023, 15, 13. [CrossRef]

24. Spânu, I.A.; Ozunu, A.; Petrescu, D.C.; Petrescu-Mag, R.M. A Comparative View of Agri-Environmental Indicators and Stake-
holders’ Assessment of Their Quality. Agriculture 2022, 12, 490. [CrossRef]

25. Mills, J.; Chiswell, H.; Gaskell, P.; Courtney, P.; Brockett, B.; Cusworth, G.; Lobley, M. Developing Farm-Level Social Indicators for
Agri-Environment Schemes: A Focus on the Agents of Change. Sustainability 2021, 13, 7820. [CrossRef]

26. Portugal, J. La Introducción de la Tecnología Moderna en las Relaciones Culturales de la Producción Agrícola del Sistema de las Aynuqas de
la Comunidad Causaya—Municipio de Tiwanaku; Universidad Mayor de San Andres: La Paz, Bolivia, 2016.

27. Schliep, R.; Walz, U.; Sukopp, U.; Heiland, S. Indicators on the Impacts of Climate Change on Biodiversity in Germany—Data
Driven or Meeting Political Needs? Sustainability 2018, 10, 3959. [CrossRef]

28. Pretty, J. Agricultural Sustainability: Concepts, Principles and Evidence. Philos. Trans. R. Soc. B Biol. Sci. 2008, 363, 447–465.
[CrossRef] [PubMed]

29. Barinaga-Rementeria, I.; Etxano, I. Weak or Strong Sustainability in Rural Land Use Planning? Assessing Two Case Studies
through Multi-Criteria Analysis. Sustainability 2020, 12, 2422. [CrossRef]

30. Canaza, D.; Calizaya, E.; Chambi, W.; Calizaya, F.; Mindani, C.; Cuentas, O.; Caira, C.; Huacani, W. Spatial Distribution of
Soil Organic Carbon in Relation to Land Use, Based on the Weighted Overlay Technique in the High Andean Ecosystem of
Puno—Peru. Sustainability 2023, 15, 10316. [CrossRef]

31. Martinez, C. Estadística y Muestreo, 13th ed.; de Colombia, B.N., Ed.; ECOE-Ediciones: Bogotá, Colombia, 2012. Available online:
https://www.academia.edu/39626329/Estad%C3%ADstica_y_muestreo_Ciro_Mart%C3%ADnez_Bencardino_13ED (accessed
on 30 June 2023).

32. Scheaffer, R.; Mendenhall, W.; Ott, R.L. Elementos de Muestreo (Traducido), 6th ed.; Grupo Editorial Iberoamerica, S.A.: Madrid,
Spain, 2007. Available online: https://issuu.com/hectorm.delossantos-posadas/docs/elementos_de_muestreo_-_schaffer_et
(accessed on 30 June 2023).

33. Márquez, F.R.; Julca, A.M. Indicadores Para Evaluar La Sustentabilidad En Fincas Cafetaleras En Quillabamba Cusco. Perú. Saber
Hacer 2015, 2, 128–137.

34. Sarandon, S.; Flores, C. Evaluación De La Sustentabilidad En Agroecosistemas: Una Propuesta Metodológica. Agroecología 2009, 4,
19–28.

35. Sarandon, S.; Zuluaga, M.; Cieza, R.; Gomez, C.; Jajetic, L. Evaluación de La Sustentabili-Dad de Sistemas Agrícolas de Fincas En
Misiones, Argentina, Mediante El Uso de Indicadores. Agroecologia 2006, 1, 19–28.

36. Sarandon, S.J. El Desarrollo y Uso de Indicadores Para Evaluar La Sustentabilidad de Los Agroecosistemas. Agroecologia. In
Agroecología. El Camino Hacia Una Agricultura Sustentable; Ediciones Científicas Americanas: La Plata, Argentina, 2002; Volume
20, pp. 393–414. Available online: https://wp.ufpel.edu.br/consagro/files/2010/10/SARANDON-cap-20-Sustentabilidad.pdf
(accessed on 1 July 2023).

37. Smyth, A.; Dumanski, J. A Framework for Evaluating Sustainable Land Management. Can. J. Soil. Sci. 1995, 75, 401–406.
[CrossRef]

38. Astier, M.; Masera, O.; Galván, Y. Evaluación de Sustentabilidad. In Un Enfoque Dinámico y Multidimensional; IMAG IMPRESSIONS,
S.L., Benifaió: Valencia, Spain, 2008; ISBN 978-84-612-5641-9.

39. Pinedo-Taco, R.; Gómez-Pando, L.; Berens, D.A. Índice de sostenibilidad de producción de quinua orgánica (Chenopodium
quinoa Willd.) en valles interandinos del Perú. Trop. Subtrop. Agroecosyst. 2022, 25, 2022. [CrossRef]

40. Sarandon, S.; Flores, C. Agroecología: Bases Teóricas para el Diseño y Manejo de Agroecosistemas Sustentables; Universidad de la Plata:
Buenos Aires, Argentina, 2014.

https://doi.org/10.2307/3673854
https://doi.org/10.1007/s12571-020-01088-x
https://doi.org/10.3390/foods12071440
https://doi.org/10.3390/plants10102159
https://doi.org/10.3390/plants10122689
https://doi.org/10.3390/su15010013
https://doi.org/10.3390/agriculture12040490
https://doi.org/10.3390/su13147820
https://doi.org/10.3390/su10113959
https://doi.org/10.1098/rstb.2007.2163
https://www.ncbi.nlm.nih.gov/pubmed/17652074
https://doi.org/10.3390/su12062422
https://doi.org/10.3390/su151310316
https://www.academia.edu/39626329/Estad%C3%ADstica_y_muestreo_Ciro_Mart%C3%ADnez_Bencardino_13ED
https://issuu.com/hectorm.delossantos-posadas/docs/elementos_de_muestreo_-_schaffer_et
https://wp.ufpel.edu.br/consagro/files/2010/10/SARANDON-cap-20-Sustentabilidad.pdf
https://doi.org/10.4141/cjss95-059
https://doi.org/10.56369/tsaes.3925


Sustainability 2023, 15, 13163 22 of 23

41. Iglesias-Gómez, J.M.; Toral-Pérez, O.C.; Rodríguez-Licea, G. Evaluación de La Biodiversidad En Una f Inca En Transición
Agroecológica. Rev. Terra Latinoam. 2022, 40, 1–12.e957. [CrossRef]

42. Geilfus, F. 80 Herramientas para el Desarrollo Participativo, Diagnóstico, Planificación Monitoreo y Evaluación; Octava Edicion: San José,
Costa Rica, 2009.

43. Barrantes, C.; Siura, S.; Castillo, E.; Huarcaya, M.; Rado, J. Guía para el Análisis de la Sostenibilidad de Sistemas de Producción de la
Agricultura Familiar (SPAF), 1st ed.; Instituto Interamericano de Cooperación para la Agricultura (IICA): Lima, Perú, 2018.

44. Valverde-Reyes, N.C.; Pinedo-Taco, R. Indice de sostenibilidad de la producción de camote (Ipomoea Batatas Lam.): Análisis
Multivariado. Trop. Subtrop. Agroecosyst. 2022, 25. [CrossRef]

45. Sarandón, S.J. AGROECOLOGIA: El Camino Hacia Una Agricultura Sustentable; Ediciones Científicas Americanas: La Plata,
Argentina, 2002; 560p, ISBN 987-9486-03-X.

46. Wu, X.; Wang, Y.; Zhu, H. Does Economic Growth Lead to an Increase in Cultivated Land Pressure? Evidence from China. Land
2022, 11, 1515. [CrossRef]

47. Swarnam, T.P.; Velmurugan, A.; Ravisankar, N.; Singh, A.K.; Zamir Ahmed, S.K. Diversification of Island Agriculture—A Viable
Strategy for Adaptation to Climate Change. In Biodiversity and Climate Change Adaptation in Tropical Islands; Academic Press:
Cambridge, MA, USA, 2018; pp. 553–575. [CrossRef]

48. Di Bene, C.; Francaviglia, R.; Farina, R.; Álvaro-Fuentes, J.; Zornoza, R. Agricultural Diversification. Agriculture 2022, 12, 369.
[CrossRef]

49. Pulvento, C.; Bazile, D. Worldwide Evaluations of Quinoa—Biodiversity and Food Security under Climate Change Pressures:
Advances and Perspectives. Plants 2023, 12, 868. [CrossRef] [PubMed]

50. INEI CENSOS NACIONALES 2017: XII de Población, VII de Vivienda y III de Comunidades Indígenas. Available online:
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1539/libro.pdf. (accessed on 29 June 2023).

51. Gobierno de Mexico. El Reparto de Las Tareas y Responsabilidades Entre Mujeres y Hombres. Available online: https://www.gob.
mx/sre/articulos/el-reparto-de-las-tareas-y-responsabilidades-entre-mujeres-y-hombres (accessed on 1 July 2023).

52. Centro Internacional de Mejoramiento de Maíz y Trigo (CIMMYT). La Adopción de Tecnologías Agrícolas: Guía para el Diseño de
Encuestas; Alma McNab, A., Ed.; CIMMYT: El Batán, México, 1993.

53. Malagon-Zaldua, E.; Begiristain-Zubillaga, M.; Onederra-Aramendi, A. Measuring the Economic Impact of Farmers’ Markets on
Local Economies in the Basque Country. Agriculture 2018, 8, 10. [CrossRef]

54. Alsos, I.G.; Ehrich, D.; Thuiller, W.; Eidesen, P.B.; Tribsch, A.; Schönswetter, P.; Lagaye, C.; Taberlet, P.; Brochmann, C. Genetic
Consequences of Climate Change for Northern Plants. Proc. R. Soc. B Boil. Sci. 2012, 279, 2042–2051. [CrossRef]

55. Pinedo Taco, R.; Gómez Pando, L.; Julca Otiniano, A. Caracterización de Los Sistemas de Producción de Quinua (Chenopodium
Quinoa Wiilld) En El Distrito de Chiara, Ayacucho. Aporte St. 2017, 10, 351. [CrossRef]

56. Arcagni, A.; Fattore, M.; Maggino, F.; Vittadini, G. Some Critical Reflections on the Measurement of Social Sustainability and
Well-Being in Complex Societies. Sustainability 2021, 13, 12679. [CrossRef]

57. Bedoya-Perales, N.S.; Pumi, G.; Mujica, A.; Talamini, E.; Padula, A.D. Quinoa Expansion in Peru and Its Implications for Land
Use Management. Sustainability 2018, 10, 532. [CrossRef]

58. Quispe Mamani, J.C.; Apaza Mamani, E.; Marca Flores, O.H.; Calcina Álvarez, D.A.; Pumacallahui Salcedo, E.; Yapuchura Saico,
C.R. Factores Climático Determinantes Del Rendimiento y La Producción de Papa En El Distrito de Juli, Puno–Perú, 2000-2018.
Rev. Alfa 2021, 5, 541–554. [CrossRef]

59. Sustainability Número Especial “Economía de Los Recursos Naturales”. Available online: https://www.mdpi.com/journal/
sustainability/special_issues/resources_economics (accessed on 25 April 2023).

60. Trigo, A.; Marta-Costa, A.; Fragoso, R. Principles of Sustainable Agriculture: Defining Standardized Reference Points. Sustainability
2021, 13, 4086. [CrossRef]
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