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Abstract

:

A Sustainability Index for Traditional Agroecosystems (SITA) applied in Yaonáhuac, Puebla, Mexico was built. The index was composed of 16 indicators, with which the analysis of diversity-resilience, self-management-autonomy, integration, and self-sufficiency was carried out. To determine the type of sustainability, 62 in-depth interviews were applied to inhabitants of the municipality of Yaonáhuac. The results showed that the following indicators increased the sustainability of home gardens: soil fertility properties, agricultural heterogeneity, linking practices with the home garden, family participation, non-participation in government subsidies, agricultural local knowledges, uses of plants, material of the fence or boundary, productive diversity, and destination of crops. It was found that 29 home gardens showed super strong sustainability and 31 had strong sustainability. The SITA can be used to research small-scale traditional agroecosystems with similar characteristics to monitor their sustainability, as well as to assist in decision-making and promote agroecological management from the home. The shown data represent initial information to monitor and propose agroecological transitions in that region.
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1. Introduction


Research into sustainable agriculture requires integrating social, cultural, and environmental aspects based on the perception and conception of agriculture and the lifestyle of the peasants [1,2,3]. Researchers have showed special interest in traditional agroecosystems, where peasants preserve the agricultural knowledge systems, local crops, and a variety of animals under native forms of social and cultural organization. These agricultural systems are managed with the accumulated experience of the peasants or the native communities that have interacted with their surroundings [4,5]. The traditional agroecosystems are systems strongly linked to an ecological rationality, and are characterized by a wide diversity of crops and domesticated animals; this diversity is kept by complex systems of local knowledge [6].



The traditional agroecosystems provide information on the traditional practices and strategies that can serve as a basis to monitor and propose agroecological transitions in the region; these consist of reconfiguring the different components of an agroecosystem and its interactions through a design process based in a set of criteria to achieve the scale-up of the agroecology, with the participation and organization of the farming community. The purpose is to preserve and enhance the social, cultural, biological, and economic environment, and to bind the traditional knowledge of the native community with that of the academic community [7,8,9,10,11].



There are two important reasons as to why the traditional agroecosystems are a subject of interest in the research on sustainable agriculture. The first one is that the agroecosystems have persisted; they represent models that promote biodiversity and maintain the annual yields despite the economic and environmental changeability [6]. The second reason is that with its multiple functions they supply different values to the agroecosystem and the peasants; among these values the ecological services, the value of the means of life and the social and political implications, are found [12]. In the last two decades, researchers have shown interest in the biophysical components and interactions present in the traditional agroecosystems, focusing on the environmental, economics, and social areas [13,14]. There have also been others that have widened their research to involve the socio-cultural and the agricultural-environmental aspects [15].



However, from all the above-mentioned areas, the interest on the economics dimension is the one that stands out. For instance, Flores and Sarandón [16] have pointed out that the viability of the agricultural systems has been studied based on the cost-benefits analysis, where these benefits and costs are expressed in monetary units. This has important limitations from an agroecological approach because it does not take into account agri-environmental and biocultural variables. Furthermore, Astier et al. [14] mention that in terms of sustainability indicators, more attention has been given to the environmental and economics dimensions.



Based on these arguments, it is necessary to evaluate the mentioned areas, but from an agroecological point of view considering the local knowledge systems, adding the biocultural dimension to determine the sustainability of the traditional agroecosystems in an equilibrated way [7,17,18,19].



The investigation is focused on a particular type of a traditional agroecosystem, that is, a home garden. It can be found worldwide, can be defined as an agroforest system, generally implemented in the backyard of a house, and depending on the rainfall on each geographical region, it is watered with rainwater or with other irrigation systems taking water from springs or wells. A home garden is a space occupied by domestic and semi-domestic plants used as food, fuel, construction materials, medicinal plants, for decoration and to provide shadow, combined with domestic animals [20]. The home garden is normally fertilized with organic fertilizer, can supply diverse crops and its economic importance lies in its medicinal, nutritional and alimentary value in homes, and it plays a crucial role in the conservation of diverse species because it can be productive all year long [4].



The home gardens have been studied as sustainable agricultural systems [4,20]. However, understanding and evaluating the sustainability of the agri-food systems still represents a challenge [15], because a home garden is also an interdependent socio-ecological system and it includes agroecological, economic and political-social domains, that interact and are tied to their own complex dynamics [21]. Under this premise, the principles of diversity-resilience, self-management-autonomy, integration, and self-sufficiency linked to four dimensions (agri-environmental, social, biocultural and economic), can be taken as a framework to evaluate the sustainability of home gardens, where the local knowledge of the peasants is crucial for a thorough study [20,22,23].



Home Gardens and Sustainability


The agroecological knowledge based on the experience of the peasants is the necessary component to develop sustainable agriculture. Such knowledge presents a viable way toward healthy and accessible foods, the protection of the environment and human dignity [24,25]. In Mexico, rural producers together with scientists, technicians, NGOs and other actors co-produce new alternative and hybrid knowledge that gives visibility and legitimacy to local actors [19].



In Sekhukhune, South Africa the food production is achieved through a subsistence agriculture, where cereals, legumes and vegetables are grown, although the vegetables also grow spontaneously. The crops are produced to guarantee the availability and accessibility of foods at household levels; these traditional practices in home gardens are useful to eradicate poverty and assure wellness and a healthy life [26].



Singh et al. [27] showed that in Arunachal Pradesh, India, the home gardens are an important source of diverse food plants; 14 species of plants had alimentary use, 33 were used as food and ethnomedicine, and 13 species represented a means to generate income. They noticed that 17 animal species also play a crucial role in the local diet and in keeping the cultural identity. The authors also argue that women from the Adi ethnicity that live in the faraway communities have a wide knowledge about local alimentary species that are preserved by tested traditional practices, improving the biocultural diversity and the socioecological resilience.



Zhang et al. [28] obtained information about the Yarlung Tsangpo home gardens at the Great Canyon in Southeast China, where 196 ethno-species were collected and categorized in 14 groups. These groups were formed according to their use and the most important were the vegetable, the ornamental, the medicinal and the fruit production uses. The characteristics, life forms, habits, habitats and use values of the plants are representative of the local knowledge of the population. This information was obtained through observation, intuition, experience, and assays, and was later summarized as a local knowledge in their own language. The home gardens supplied the products and necessary services to support the everyday life of the local population.



Finally, Avilez et al. [29] recently published their study about the multifunctionality of the home gardens in Tabasco, Mexico. A total of 280 species were inventoried, from which 33.2% were native, 26.4% were of neotropical origin and 40.4% were introduced. The authors registered and analyzed 38 functions of the home gardens, from which 14 were in the ecological dimension, 12 were in the economics dimension, and 12 in the sociocultural dimension. They concluded that the contemporary knowledge related to the multifunctionality of the home gardens is an important asset for the preservation of the agrobiodiversity, for it is an integral part of the local livelihood.



The principles are defined below: diversity-resilience, self-management-autonomy, integration, and self-sufficiency linked to four dimensions (agri-environmental, social, biocultural, and economic), which are proposed as a framework to evaluate the sustainability of home gardens (Table 1).



Sustainability can be classified into weak, strong, and super strong. A weak sustainability gives priority to economic valuation; the environmental components are priced and subject to property rights. Nature is another factor of production and is perceived as natural capital, highlighting the instrumental values. Strong sustainability protects elements of nature and ensures the permanence of the ecosystems and the species that represent a critical natural capital that cannot be converted into other forms of capital; an economic and ecological value prevails, with an anthropocentric approach. Super strong sustainability conceives a plurality of knowledge and valuations of nature (economic, ecological, ethical, social, cultural, aesthetic and religious), with a biocentric approach; nature is perceived as a natural heritage that is received as an inheritance and must be maintained and preserved to be handed over to future generations [39,40,41,42,43,44].



The objective of this study was to determine the type of sustainability by means of a Sustainability Index for Traditional Agroecosystems (SITA), which was constructed with indicators related to the above-mentioned principles. The SITA can be used to research small-scale traditional agroecosystems with similar characteristics to monitor their sustainability, as well as to assist in decision-making and promote agroecological management from the home. The shown data represent an initial information to monitor and propose agroecological transitions in that region.





2. Materials and Methods


2.1. Study Region


The research was performed in Puebla, Mexico, between the 19°52′15″ North latitude and 97°27′59″ West longitude [45]. The region has an altitude between 300 and 1900 m above sea level; the soil is mainly andosol, its temperature varies from 14 to 22 °C, with a rainfall range between 1400 and 3600 mm, and it has two kinds of climate: damp semi-warm with rains all year (68%) and damp warm with rains all year (32%). It is located between the cloud forest mountain and the pine-oak forest ecosystems [46] and has a population of 8018 inhabitants [47].



The study region was specifically located among the 11 towns that comprise the high region of the municipality, where a large number of inhabitants gather predominantly for agricultural activities (Yaonáhuac, Ahuata, Mazatonal, Talcozamán, Tatempan, Contzitzintán, Atemeya, Tepantiloyan, Acocogta-Poctan, El Crucero y Ahuehuetitan) (Figure 1).




2.2. Data Gathering


One sampling was done by convenience. In total, 62 families were interviewed, their ages between 29 and 94 years old and an average of 57.9 ± 13.6. The information was gathered during the agricultural cycle in 2018. The agri-environmental data were gathered during the participatory field trips. The socioeconomic data were collected through direct observation and in-depth interviews. The questions included the number of members, their age, relation, education, their role in the home garden and their perception of the natural surroundings. Five criteria were considered to interview the members: that they were residents in the study region; that they owned a home garden; that they were >25 years old; that the home garden had been functioning for 5 years or more, and that they were available to participate. The biocultural data included aspects about the approximate size of the home garden, the boundaries and fences, the diversity of the crops, the animal husbandry, the knowledge, and habits linked to the crops, the local knowledge, uses and names in Spanish and in Nahuatl of the plants as well as the management and structure of the home gardens.



The obtained data were organized, classified, and analyzed by thematic content according to Table 1. A descriptive analysis was also performed.




2.3. Index Construction


We consulted articles that described in detail the agroecosystem involved, the concept of sustainability, the theoretical-conceptual framework for the index, the weighting of the indicators and the variables considered [3,15,16,49,50,51]. With the literature consulted, a broad list of indicators has been developed according to the type of agroecosystem. The most representative of the local context were chosen by consulting experts, to obtain a main list of 16 indicators. In the sustainability evaluation, the principles were considered equally important (25% maximum contribution each); the aim was to achieve a balance between the four principles because they all keep the same priority. Each principle was quantified by four indicators, equally valuable (6.25% maximum value). Finally, each variable was assessed as explained in Table 2.



A total of 86 variables were provided by the peasants according to the responses to the in-depth interviews and the participatory field trips. The number of variables considered in each principle were 20 for diversity-resilience, 26 for self-management-autonomy, 21 for integration and 19 for self-sufficiency (Table 2).



The data obtained from the in-depth interviews were processed for the aggregation of the values of each variable according to the following formula:


  IND =     ∑   i = 1  n   (   x i  + ⋯ +  x n   )   n   



(1)




where:



IND = Any of the 16 indicators



x = Home garden



n = Total number of home gardens (62)



For the interpretation of sustainability, all the values were standardized and transformed to a scale with a range from 0 to 100, where 0 is the lowest sustainability value and 100 the highest value. The scale was divided into five categories (Table 3).



The results were represented in bar and radar graphs. The principles were analyzed individually and globally. The analysis of the principles of sustainability made it possible to identify the indicators that contributed to reducing or increasing sustainability.





3. Results and Discussion


The results are shown as part of a case study of Nahua home gardens in Puebla, Mexico.



3.1. Diversity-Resilience


To obtain information about the soil, beyond what is conventional, it is advisable to consider the experience and knowledge of the peasants [52]. In that sense, the indicator related to the soil revealed information on the local perception of families about its fertility properties, whose health is the basis for a “good harvest”. In total, 87.1% of the home gardens had an absence of rocks, an absence of exposed roots, the presence of earthworms and had a soil with a porous texture. Keeping these properties in the soil is important due to the connection between the soil and the human being; human health depends on the health of plants and soil [53]. In addition, good soil management represents a strategy to improve the production and resilience of the agroecosystem, and this strategy is related to food security [54,55].



Another important indicator is agricultural heterogeneity. In 83.9% of the home gardens there were six types of crops: vegetables, aromatic plants, ornamental plants, medicinal plants, fruit trees and milpa; only 16.1% did not have a milpa. This plant diversity is relevant because it fosters nutrient-enriching plants, predatory insects, pollinators, nitrogen-fixing and decomposing bacteria, and other organisms that perform various beneficial ecological functions [7]. In addition, a diverse and complex compound of plants can reduce the vulnerability of the agroecosystem to extreme climatic events [56] and provide environmental health and human well-being [57].



Regarding the linking practices with the home garden, it was found that in 72.6% of the home gardens, the families incorporated organic matter into the soil, carried out crop rotation, had trees in the boundary and between the home garden, they ensured cover crops, polycultures, intercrops based on legumes, integrated farmyard animals and the fallow was carried out with a hoe, which presumes the existence of diverse species of plants that increase biological activity in the home garden. Such diversity of practices helps the traditional agroecosystem to suffer less damage in the presence of hurricanes (compared to conventional monocultures) and reduces its vulnerability to climate variability [6,31,55].



Concerning the farmyard animals’ indicator, in 35.5% of the home gardens, the families had both creole and farm animals, while in 58.1% they only had creole animals, mainly poultry or pigs, which they used for food or festivities. In 6.5% they did not have farmyard animals. According to Tremblay et al. [58], the decision of the type and quantity of animal species used as food is associated with a cultural value, which is based on local availability. On the other hand, the incorporation of different components in an agricultural system can improve its yield and reinforce its resilience [59].



Soil fertility, agricultural heterogeneity, and linking practices with the home garden were the indicators with the highest value; only 24.5% of the home gardens reached the maximum value (Figure 2).




3.2. Self-Management-Autonomy


In the indicator family participation, the results showed that 48.4% of the home gardens were managed by extended families; 41.9% by nuclear families and 9.7% by single-person families, where the availability of workforce decreased considerably. The presence of more members in the family means a greater transmission of knowledge and greater access to workforce. In both extended and nuclear families, the organization of activities for the management of the home garden was carried out according to age, sex and the strength required. This is similar to the finding of Avilez et al. [29] where families distribute their activities according to the capacities of their members.



A low use of external inputs was found in home gardens; 6.5% of the families did not buy a single input; 21% purchased two, and 8.5% purchased only one. However, 4.8% of the families acquired up to seven of the eight inputs contemplated. This is relevant since the use of external products is not promoted; technological independence and greater control over disturbances are kept. The peasants base the operation of the home gardens on local resources and traditional agroecological techniques, so the use of agrochemicals is reduced and benefits are achieved in terms of low environmental impact and economic advantages due to the reduction in production costs [7,9].



The result of the benefits provided by the home garden (provision of health, provision of fuel, obtaining forage, raising animals, strengthened economy, obtaining food, shade, relaxation and distraction, family cohesion, local social cohesion, identity and sense of belonging, practice of agricultural knowledge or pollination) showed that 12.9% of the families recognized the total benefits contemplated, while 25.8% recognized 12 out of 13 and 24.2% 11 out of 13. These data coincide with Avilez et al. [29], who confirmed that home gardens reinforce the identity and family and neighborhood cohesion, offer aesthetics benefits and transmission of knowledge, favors food sovereignty and care for domestic animals, provides income, wood, medicinal plants, and temperature regulation; it also contributes to local and regional food autonomy by reducing daily expenses.



The management of the home garden is autonomous whenever government subsidies are not implemented. The results show that 77.4% of the families have not received any subsidy in the last ten years. This reflects that families manage their home garden based only on their own knowledge and on their family workforce, which allows them to make decisions according to their priorities. This is relevant since they remain outside the conventional agriculture. Anderson et al. [35] explain that the subsidy encourages the imposition of agricultural packages that lead to economic, technological dependence and external inputs, which severely damage the autonomy of families. In this sense, Altieri [1] and Giraldo and Rosset [60] propose that subsidies should be dismantled to avoid corporate control over food systems and to progress in the scaling of agroecology.



Family participation and non-participation in subsidies were the best represented indicators; no home garden reached the maximum value (Figure 3).




3.3. Integration


With the indicator local knowledge, it was found that 38.7% of the families recognize the total knowledge contemplated (the human being is part of nature; hot and cold earth; observation of humidity, leaves, branches and black color of the soil; observation of the moon to plant and to harvest; knowledge of the periods of rain, hail or frost; the traditional selection of seeds; Taltzin—local name of the home garden in Nahuatl language—and canicula and cabañuelas); another 32.3% recognized seven of the eight pieces of knowledge. According to Barrera-Bassols and Toledo [36] this is part of the belief and knowledge system about the local environment. In this regard, Barrera-Bassols et al. [53] suggest paying attention not only to local knowledge and management, but also to the belief system and symbols of the environment. For instance, Fagúndez and Izco [61] concluded that the diversity of phyto-toponyms is related to biodiversity and culture and that it represents intangible cultural heritage. However, as the cultural and linguistic diversity decreases, the biological diversity also decreases; thus, Vidal and Brusca [23] recommended that government resources and efforts be focused on protecting the traditional and cultural knowledge of peasant families.



The indicator uses of plants showed that 83.9% of the families gave the plants a total of seven uses (food, ornamental or aesthetic, medicinal, living fence, ritual-religious, fuel and forage); 9.7% of the families recognized six uses, while 3.2% recognized five of the seven uses. These uses were similar to those reported by Avilez-López et al. [29] who divided the plants according to their use: medicinal, for agricultural production, domestic and other uses (trees for shading, honey plants, to treat insects stings and as oil suppliers). On their side, Zhang et al. [28] reported up to fourteen categories of use (fruits, ornamental plants, ritual plants, grain, wood, winemaking, tissue, dyeing plants, vegetables, forage plants, spices, medicines, oilseeds plants and others).



Regarding the assuredness of the permanence of the home garden, only one family said that they adapt to the increase in prices and to climate change, and that they can face illness or death of a relative. A total of 85.5% of the families adapted to two of the three risks considered and 12.9% of the families adapted to only one. This confirms what is specified by the IPCC [62], where it is explained that the risks are mainly related to economic, health and meteorological events over which families have no control and which can severely impact them, putting both the agroecosystem and the family members in a vulnerable situation.



In the indicator material of the fence or boundary, it was found that 95.2% of the home gardens were delimited with a living fence. A total of 3.2% with artificial fence (wire or mesh) and 1.6% of the home gardens were delimited with a fence of corn cane. This delimitation with a living fence can be explained in economic terms; an artificial fence is difficult to access economically because of the cost involved. On the other hand, culturally there are bonds of trust and respect for the neighboring spaces and properties, and they prefer to take advantage of and make optimal use of space. According to Nicholls et al. [9] living fences are a management strategy that contributes to reinforcing the functional diversity and the creation of habitats; for instance, it favors soil conditions for plant growth, organic matter management and promotes key ecological services and processes for resilience in the home garden.



The agricultural local knowledges, the uses of plants and the material of the fence or boundary were the indicators with the highest value; no home garden reached the maximum value (Figure 4).




3.4. Self-Sufficiency


The result of the productive diversity showed that in 32.3% of the home gardens there were ten productive elements (vegetables, aromatic, ornamental, medicinal plants, fruit trees, milpa, creole roosters, creole turkeys, creole pigs and farm pigs); in 27.4% there were eight and in 29% there were seven out of 10. From the perspective of the families, their preference for growing both plants and animals was based on having access to a better diet and a higher income when they were sold. According to Dumont et al. [59], the combination of plants and animals can increase productivity and the efficient use of resources. On another side, Altieri and Toledo, Altieri et al. and Segnon et al. [6,7,63] explained that integrated agricultural systems are more productive if total production is considered instead of the yield of a single crop.



The indicator destination of the crops revealed that in 45.2% of the home gardens the crops were for self-consumption, sale and exchange (barter); while in 38.7% the crops were sent to two of the three destinations and in 16.1% they were reserved only for self-consumption. Toledo et al. and Toledo and Moguel [12,20] explain that families are immersed in a dual economy, because they produce goods for sale and this allows them to obtain manufactured products and other supply products, but at the same time they produce basic goods for their own subsistence. For this reason, they increase the diversity of elements in the home garden. Under these terms, the data become relevant, since the access and availability of food is achieved through subsistence agriculture, which reinforces family self-sufficiency [26].



Regarding the destination of the farmyard animals, it was found that in 46.8% of the home gardens, the farmyard animals were for self-consumption, sale and borrowing; in 32.3% the animals were reserved for two of the three destinations and in 14.5% of the home gardens they were only available for self-consumption. The borrowing of animals between relatives or neighbors represents the predominance of an important cultural activity that helps to maintain harmony between families and communities. It consists of knowing the exact weight of the animal, generally poultry, so that it is returned in the same conditions, in a period that can go from three to five years. According to Anderson et al. [35], this exchange is accessible, fair, profitable, and satisfactory for the families involved in this process; this makes it part of a traditional system of exchange of goods which is in a small volume and locally adapted.



Finally, the commercialization of home garden goods was carried out at the neighborhood, local and municipal level in 30.6% of the home gardens, while in 50% of them, it was carried out in one of the three types of commercialization (neighborhood or local) and in 19.4% of the home gardens no type of commercialization was carried out. The commercialized goods reached different municipalities (Atempan, Tlatlauquitepec, Teziutlán and Zacapoaxtla), this suggests significant economic mobility through the marketing channels through which the same families sought to reach diverse consumers. Toledo and Moguel and Anderson et al. [12,35] stated that mobility of goods in various market niches offers a form of production that allows the local accumulation of wealth and is opposed to a global accumulation dominated by specialization and short-term performance maximization. In addition, local and municipal marketing was carried out through the so-called “Tianguis” or street markets; the Nahuatl terms refer to traditional local markets where producers from neighboring municipalities come to market or exchange (barter) their agricultural or animal goods and thus diversify their income. Moreover, due to its permanence in time, it goes beyond the alternative tianguis reported by Toledo and Barrera-Bassols [19], since they sell certified products or not from agroecological or ecological producers.



The productive diversity and the destination of the crops were the indicators with the highest value; no home garden reached the maximum value (Figure 5).




3.5. Sustainability of Nahua Home Gardens in the High Region of Yaonáhuac, Puebla


Based on the categories in Table 3, the results showed that very weak sustainability and weak sustainability were not represented in the study area, while intermediate, strong, and super strong sustainability did find representation (Table 4).



3.5.1. Home Gardens with Intermediate Sustainability


Two home gardens (31 and 47) were found with a SITA of 57.3 and 54.8 each. The Diversity-Resilience indicators had discontinuous values, because one home garden had non-porous soil; the two families did not have milpa and had only four out of eight linking practices with their home garden, in addition, the two families did not have creole or farm animals. Self-sufficiency was affected in a very severe way because in both home gardens there was no commercialization of the home garden goods, in addition, they had only five of the 10 variables considered for productive diversity, and the destination of the crops was for family consumption.



Regarding Self-Management-Autonomy and assuredness of permanence of the home garden, it is important to note that the first home garden was operated by a 94-year-old widower peasant, for whom the lack of close relatives to support him puts the home garden in a vulnerable situation in case the peasant falls ill. The second home garden was operated by a nuclear family, where there was less risk in the permanence of the home garden. These family types (single-person and nuclear family) did not acquire a single external input, nor did they participate in any subsidy, for this reason the peak of these two indicators reached their maximum average value. This principle diminished because the two families visualized only seven of the 13 benefits of the home garden.



The indicators with a continuous value were those of Integration; the same peasant is acquainted with the local agricultural knowledge, since he gave a nutritional, ornamental, medicinal and ritual-religious use to his agricultural goods. On their side, the nuclear family gave the plants a nutritional, ornamental, living fence and ritual-religious use (Figure 6).




3.5.2. Home Gardens with Strong Sustainability


In total, 31 home gardens were found with an average SITA of 74.7. All the indicators had participation, none fell to zero, but they did not reach a maximum value. The Diversity-Resilience value was low because two of the 31 families did not have creole or farm animals. On their side, eight of the 31 families had participated in government subsidies in the last 10 years, which affected their Self-Management-Autonomy. Integration indicators were better represented; however, six of the 31 families found it difficult to adapt to the increase in the prices of inputs and to illness or death of a relative. Two families did not have farmyard animals and did not have commercial activity, adding to the nine families that did not commercialize crops or animals, which reduced their self-sufficiency (Figure 7).




3.5.3. Home Gardens with Super Strong Sustainability


A total of 29 home gardens were found with an average SITA of 85.8. All the indicators were represented, and none fell to zero. The best represented indicators were Diversity-Resilience. Self-management-Autonomy had decreasing numbers because six families did participate in a government subsidy. Integration was diminished because only one family stated that they had no difficulty adapting to the increase in input prices, to illness or death of a relative, and to climate changes (generally torrential rains or strong winds). Finally, Self-sufficiency was affected because a family did not commercialize their goods in any way (Figure 8).



As is shown, the Nahua home garden is a traditional agroecosystem that has prevailed even though the environmental and economic instability [6]. The home gardens promote the diversity of the species and their use reflect a strategy to guarantee the availability and accessibility of a varied diet at a home level [26]. The Nahua home garden, seen as a traditional agroecosystem, is a model that provides ecological services and its multifunctionality favors a peasant’s lifestyle. Local management of a varied number of crops contributes greatly to family subsistence [12].






4. Conclusions


The results revealed that in Nahua home gardens, the Sustainability Index for Traditional Agroecosystems increases with soil fertility, agricultural heterogeneity, linking practices with the home garden, family participation, the benefits of the home garden to the family, the non-participation in government subsidies, agricultural local knowledges, the uses of plants, the material of the fence or boundary, the productive diversity, and the destination of the crops. It was also observed that the indicators, farmyard animals, the non-acquisition of external inputs and the assuredness of permanence of the home garden had a low score. While the most vulnerable indicators were the destination of the farmyard animals and the commercialization of home garden goods, as they fell to zero, the latter placed two home gardens in the intermediate sustainability category. It was found that 31 home gardens had a strong sustainability, in their own way, these families recognized not only an economic value of nature, but also an ecological and cultural value. Another 29 home gardens had a super strong sustainability, which implies that the same number of families recognize a plurality of valuations of nature (ethical, economic, ecological, social, cultural, aesthetic, religious) and an inherent and intrinsic value that does not depend on the utility or appropriation that they give.



The proposal to evaluate the sustainability of a traditional agroecosystem with the principles of diversity-resilience, self-management-autonomy, integration, and self-sufficiency as axes of analysis, supposes a methodological contribution that bets on indicators that better represent the reality of the Nahua home gardens in the high region of Yaonáhuac, Puebla. In addition, the variables were considered according to the perception of the families based on their practice and knowledge which gives SITA an opportunity for both a theoretical and a practical debate. The index can be used to research small-scale traditional agroecosystems with similar characteristics to monitor their sustainability, as well as to assist in decision-making and promote agroecological management from the home.



The results of this research correspond only to a one-year monitoring, and thus there is still much to learn about these traditional agroecosystems. Many efforts have been made to design and apply indices to measure the sustainability of agricultural systems. Peasants, researchers, extension workers, decision makers, public policy makers, among others, require detailed and reliable information on agricultural activities. The applied index is a tool that can provide such information to make the best management decisions or intromission in the study area by the mentioned social actors.



Four dimensions of sustainability (agri-environmental, social, biocultural, and economic), four principles (diversity-resilience, Self-management-autonomy, integration, and self-sufficiency), 16 indicators and 86 variables were considered. This suggests that decision makers and public policy makers on the agricultural sector at the national, state, regional and local levels can use the index to diagnose the sustainability of agroecosystems. In addition, they can focus their efforts on promoting the disuse of synthetic fertilizers and pesticides, encouraging the keeping of poultry animals, and improving commercialization channels.



Integrating a biocultural dimension in sustainability implies considering the knowledge and experience of the peasants, which generates confidence in themselves, their ancestral agricultural practices are valued and the gap between the farming community and the academic community is narrowed. The index can support academic researchers in understanding the state of sustainability of home gardens in the study area, but if applied in a broader geographic area, the sustainability of the northeastern region of Puebla, Mexico can be known.
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Figure 1. Location and land use and vegetation map of Yaonáhuac, Puebla. Prepared by the authors with information from INEGI [48]. 
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Figure 2. Accumulated value per home garden for the diversity-resilience indicators. 
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Figure 3. Accumulated value per home garden for the self-management-autonomy indicators. 
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Figure 4. Accumulated value per home garden for the integration indicators. 






Figure 4. Accumulated value per home garden for the integration indicators.



[image: Environments 08 00040 g004]







[image: Environments 08 00040 g005 550] 





Figure 5. Accumulated value per home garden for the self-sufficiency indicators. 
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Figure 6. Average value per indicator of home gardens with intermediate sustainability. 
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Figure 7. Average value per indicator of home gardens with strong sustainability. 
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Figure 8. Average value per indicator of home gardens with super strong sustainability. 
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Table 1. Dimensions and principles for evaluating the sustainability of home gardens.
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	Dimensions
	Principles
	References





	Agri-environmental. Relationships between soil, crops, animals, and agricultural activities.
	Diversity- Resilience. It is shown when a bio-cultural complex links to a population, whose practices maintain and restore the quality of an agricultural system to ensure food supply.
	[6,7,21,30,31,32]



	Social. Relationships between family, inputs, benefits, and government subsidies.
	Self-management-Autonomy. It is the capacity of an agroecosystem to function with its own resources; the use of goods and decision-making responds to the level of organization of the family.
	[33,34,35]



	Bio-cultural. Relationships between knowledge, use of plants, adaptation, and existence of living fences.
	Integration. It takes up a set of beliefs and knowledge that families culminate in practices to meet material and spiritual needs (Kosmos-Corpus-Praxis).
	[22,23,36,37]



	Economic. Relationship between productive diversity, destination of crops and animals, and generation of commercialization channels.
	Self-sufficiency. Regarding enough diversity of products to meet the needs of consumption and commercialization.
	[7,38]
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Table 2. Principles, indicators, and variables of SITA.
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Dimension

	
Weighted Principle *

	
Weighted Indicator **

	
Number of Variables Per Indicator

	
Weighted Variable ***






	
Agri-environmental

	
Diversity-Resilience

	
Soil fertility properties

	

	
Absence of rocks in the ground



	
Absence of exposed roots



	
Presence of worms



	
Presence of porous texture soil






	
Binary yes/no response

6.25/4 variables = 1.56 points

(If Yes = 1.56) (If No = 0)




	
Agricultural heterogeneity

	

	
Presence of vegetables



	
Presence of aromatic plants



	
Presence of ornamental plants



	
Presence of medicinal plants



	
Presence of fruit trees



	
Presence of milpa






	
Binary yes/no response

6.25/6 variables = 1.04 points

(If Yes = 1.04)

(If No = 0)




	
Linking practices with the home garden

	

	
Incorporation of organic matter to the soil



	
Crops rotation maintenance



	
Presence of fruit trees between or surrounding the home garden



	
Presence of cover crops



	
Polyculture maintenance



	
Presence of intercrops based on legumes



	
Integration of farmyard animals



	
Fallow with hoe






	
Binary yes/no response

6.25/8 variables = 0.78 points

(If Yes = 10.78)

(If No = 0)




	
Farmyard animals

	

	
Presence of creole animals



	
Presence of farm animals






	
Binary yes/no response

6.25/2 variables = 3.12 points

(If Yes = 13.12)

(If No = 0)




	
Social

	
Self-management-Autonomy

	
Family participation

	

	
Extended family



	
Nuclear family



	
Single-person family






	
Relative value (3 variables)

(Extended family = 6.25: very much; Nuclear family = 4.16: much and Single-person family = 2.08: low)




	
Non-acquisition of external inputs

	

	
Non-acquisition of seeds



	
Non-acquisition of fruit trees



	
Non-acquisition of farmyard animals



	
Non-acquisition of vitamins for animals



	
Non-acquisition of dewormers for animals



	
Non-acquisition of vaccines for animals



	
Non-acquisition of pesticides or chemical fertilizers



	
Non-acquisition of balanced feed for animals






	
Binary yes/no response

6.25/8 variables = 0.78 points

(If Yes = 0.78)

(If No = 0)




	
Benefits of the home garden to the family

	

	
Provision of health



	
Obtaining forage



	
Raising farmyard animals



	
Provision of firewood



	
Strengthened economy



	
Provision of foods



	
Provision of shade



	
Provision of relaxation and distraction



	
Family cohesion maintenance



	
Local social cohesion maintenance



	
Identity and sense of belonging maintenance



	
Practice of traditional agricultural knowledge



	
Pollination maintenance






	
Binary yes/no response

6.25/13 variables = 0.48 points

(If Yes = 0.48)

(If No = 0)




	
Non-participation in government subsidies

	

	
No



	
Yes






	
Relative value (2 variables)

(No = 6.25; Yes = 0)




	
Bio-cultural

	
Integration

	
Local knowledge

	

	
The human being is part of nature



	
Cold and hot lands presence in Yaonáhuac



	
Observation of humidity, leaves, branches, and black color of the soil



	
Observation of the moon to planting and harvesting



	
Knowledge of periods of rain, hail, or frost



	
Traditional knowledge maintenance to selection of seeds



	
Taltzin (local name of the home garden in Nahuatl)



	
Canicula and cabañuelas






	
Binary yes/no response

6.25/8 variables = 0.78 points

(If Yes = 0.78)

(If No = 0)




	
Uses of plants

	

	
Food use



	
Ornamental use



	
Medicinal use



	
Presence of living fence



	
Ritual-religious use



	
Firewood use



	
Forage use






	
Binary yes/no response

6.25/7 variables = 0.89 points

(If Yes = 10.89)

(If No = 0)




	
Assuredness of permanence of the home garden

	

	
Adaptation to the increase in input prices



	
Adaptation to illness or death of a family member



	
Adaptation to climate changes






	
Binary yes/no response

6.25/3 variables = 2.08 points

(If Yes = 2.08)

(If No = 0)




	
Material type of the fence or boundary

	

	
Living fence



	
Fence of corn cane



	
Artificial fence






	
Relative value (3 variables)

(Living fence = 6.25: very much; fence of corn cane = 4.26: much and, Artificial fence = 2.08: low)




	
Economic

	
Self-sufficiency

	
Productive diversity

	

	
Presence of vegetables



	
Presence of aromatic plants



	
Presence of ornamental plants



	
Presence of medicinal plants



	
Presence of fruit trees



	
Presence of milpa



	
Presence of creole chickens



	
Presence of creole turkeys



	
Presence of creole pigs



	
Presence of farm pigs






	
Binary yes/no response

6.25/10 variables = 0.62 points

(If Yes = 10.62)

(If No = 0)




	
Destination of crops

	

	
1Self-consumption



	
Sale



	
Exchange






	
Binary yes/no response

6.25/3 variables = 2.08 points

(If Yes = 12.08)

(If No = 0)




	
Destination of farmyard animals

	

	
Self-consumption



	
Sale



	
Borrowing






	
Binary yes/no response

6.25/3 variables = 2.08 points

(If Yes = 12.08)

(If No = 0)




	
Commercialization of the home garden goods

	

	
Neighborhood



	
Local



	
Municipal






	
Binary yes/no response

6.25/3 variables = 2.08 points

(If Yes = 12.08)

(If No = 0)








Note: * each principle has a score equal to 25, ** each indicator has a score equal to 6.25 and *** each set of variables of an indicator has a different score due to the dissimilar number of variables.
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Table 3. The sustainability scale and its five categories.






Table 3. The sustainability scale and its five categories.





	Categories
	Agroecosystem Description





	I. Very weak sustainability (<20)
	In critical condition due to the minimal contribution of sustainable activities and practices, where no indicator of sustainability is visible. An instrumental value predominates



	II. Weak sustainability (20.1–40)
	Its greater proportion is managed with conventional activities, but some sustainable characteristics appear. An instrumental value predominates.



	III. Intermediate sustainability (40.1–60)
	If sustainable practices are increased it can subsist and stop being vulnerable, but if they decrease it becomes fragile or weak. An anthropocentric perspective predominates.



	IV. Strong sustainability (60.1–80)
	Where there are sustainable practices and is on the way to sustainable reproduction. It is considered that sustainable practices have been adopted in these, diversifying activities that promote sustainability. An anthropocentric perspective predominates.



	V. Super strong sustainability (80.1–100)
	With sustainable activities and practices; with a positive impact on the environment and society. It is ideal for maintaining, replicating, and augmenting. A variety of values, plurality of knowledge and a biocentric perspective predominate.







Based on Shmelev & Rodríguez-Labajos; Gudynas; Cinelli et al.; Chan et al.; Cooper et al.; Barmashova & Lazutkina [39,40,41,42,43,44].
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Table 4. Home garden’s values of diversity-resilience, self-management-autonomy, integration, and self-sufficiency of SITA.






Table 4. Home garden’s values of diversity-resilience, self-management-autonomy, integration, and self-sufficiency of SITA.





	Home Garden
	Size (m2)
	Diversity-Resilience (25)
	Self-Management-Autonomy (25)
	Integration (25)
	Self-Sufficiency (25)
	SITA
	Category





	1
	937
	20.3
	21.5
	22.1
	15.4
	79.4
	IV



	2
	394
	18.0
	18.9
	21.1
	12.1
	70.1
	IV



	3
	186
	20.3
	17.8
	22.0
	23.1
	83.3
	V



	4
	426
	25.0
	21.4
	20.8
	20.2
	87.4
	V



	5
	643
	25.0
	19.4
	20.1
	9.8
	74.2
	IV



	6
	935
	23.2
	19.7
	19.3
	14.8
	76.9
	IV



	7
	1292
	25.0
	22.0
	21.4
	24.4
	92.7
	V



	8
	339
	24.0
	12.6
	22.9
	19.0
	78.4
	IV



	9
	564
	25.0
	20.7
	24.2
	20.2
	90.2
	V



	10
	195
	21.9
	18.0
	19.3
	16.0
	75.2
	IV



	11
	1040
	21.9
	16.2
	22.1
	15.4
	75.7
	IV



	12
	531
	21.9
	18.3
	21.4
	16.9
	78.4
	IV



	13
	461
	21.9
	21.2
	22.9
	24.4
	90.3
	V



	14
	472
	20.3
	20.9
	22.1
	24.4
	87.7
	V



	15
	825
	21.9
	17.2
	22.9
	24.4
	86.4
	V



	16
	472
	25.0
	14.7
	22.1
	24.4
	86.2
	V



	17
	314
	17.7
	18.3
	22.1
	14.2
	72.4
	IV



	18
	513
	25.0
	22.7
	21.4
	19.6
	88.6
	V



	19
	532
	20.3
	16.7
	20.6
	23.8
	81.3
	V



	20
	664
	25.0
	18.0
	22.1
	23.1
	88.3
	V



	21
	356
	23.2
	19.3
	22.0
	18.3
	82.8
	V



	22
	748
	21.9
	22.7
	22.9
	23.8
	91.2
	V



	23
	205
	25.0
	19.1
	21.4
	20.2
	85.7
	V



	24
	273
	21.9
	18.5
	22.9
	20.2
	83.5
	V



	25
	416
	21.9
	20.9
	22.9
	20.2
	85.9
	V



	26
	652
	21.9
	20.9
	20.1
	19.0
	81.8
	V



	27
	133
	21.9
	17.3
	22.9
	11.9
	73.9
	IV



	28
	213
	20.3
	14.2
	20.6
	16.9
	71.9
	IV



	29
	187
	25.0
	14.4
	19.3
	18.1
	76.8
	IV



	30
	241
	25.0
	18.6
	22.9
	8.5
	75.0
	IV



	31
	79
	13.0
	17.9
	16.1
	5.2
	52.2
	III



	32
	892
	21.9
	21.5
	22.1
	12.7
	78.2
	IV



	33
	917
	21.9
	22.5
	21.4
	16.9
	82.6
	V



	34
	281
	19.5
	14.6
	22.9
	14.8
	71.9
	IV



	35
	414
	23.4
	17.8
	21.1
	10.6
	73.0
	IV



	36
	973
	21.9
	21.4
	20.8
	12.7
	76.8
	IV



	37
	747
	21.1
	24.2
	22.9
	23.8
	92.0
	V



	38
	306
	20.8
	17.6
	17.9
	14.8
	71.0
	IV



	39
	182
	15.4
	16.8
	18.1
	16.3
	66.5
	IV



	40
	180
	21.9
	18.8
	22.1
	17.5
	80.3
	V



	41
	394
	21.9
	20.6
	22.9
	20.2
	85.6
	V



	42
	420
	19.3
	12.9
	21.4
	17.5
	71.0
	IV



	43
	853
	25.0
	15.6
	22.1
	24.4
	87.1
	V



	44
	485
	21.9
	19.4
	22.1
	19.6
	82.9
	V



	45
	102
	22.4
	17.9
	21.4
	14.8
	76.4
	IV



	46
	1022
	25.0
	22.2
	22.1
	16.9
	86.2
	V



	47
	133
	14.6
	20.0
	15.0
	5.2
	54.8
	III



	48
	220
	21.9
	22.8
	22.1
	12.7
	79.5
	IV



	49
	397
	21.9
	16.6
	18.1
	13.3
	69.9
	IV



	50
	605
	21.1
	21.3
	22.9
	20.2
	85.6
	V



	51
	645
	21.9
	20.1
	20.1
	12.7
	74.7
	IV



	52
	623
	24.2
	20.6
	22.9
	13.3
	81.1
	V



	53
	287
	21.9
	19.9
	20.6
	9.2
	71.5
	IV



	54
	285
	21.9
	20.6
	21.4
	13.3
	77.2
	IV



	55
	429
	18.0
	20.7
	21.2
	10.0
	69.9
	IV



	56
	610
	25.0
	15.9
	22.9
	19.6
	83.4
	V



	57
	933
	21.9
	11.5
	22.9
	19.6
	75.9
	IV



	58
	710
	21.9
	14.1
	22.1
	17.5
	75.6
	IV



	59
	762
	25.0
	10.7
	21.4
	22.3
	79.4
	IV



	60
	685
	25.0
	14.8
	22.1
	24.4
	86.4
	V



	61
	422
	21.1
	22.8
	22.9
	11.3
	78.0
	IV



	62
	272
	21.9
	20.1
	22.1
	18.1
	82.3
	V
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