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ABSTRACT
Objective: Agricultural biodiversity, also known as agrobiodiversity, encompasses the variety of plants, 
animals, and microorganisms that are directly or indirectly involved in agriculture. This diversity is the result 
of millennia of selection, management, and domestication of species, which has allowed societies to adapt 
to different environmental and cultural conditions. However, in recent decades, the loss of agrobiodiversity, 
accelerated by industrial agriculture, the expansion of monocultures, and the reduction of varieties, has put 
global food security at risk. This diversity is crucial to ensuring the resilience of agricultural systems in the 
face of challenges such as climate change, emerging pests, and the depletion of natural resources. This paper 
examines the importance of conserving agricultural biodiversity from the perspective of food security. It 
emphasizes how agrobiodiversity not only contributes to the stability of food production but also improves 
human diets by diversifying crops and providing essential micronutrients. 
Design/Methodology/Approach: A search was conducted on the following scientific information platforms: 
Web of Science database and Google Scholar. A systematic search for publications related to agrobiodiversity 
systems was carried out in the WoS database and Google Scholar over the last 49 years (1975-2024). 
Results: Genetic erosion is particularly concerning because genetic diversity is essential for crops to face 
environmental challenges such as climate change, pests, and diseases. The loss of traditional varieties, which 
are selected by local farmers to adapt to specific conditions, increases agriculture’s vulnerability to external 
disruptions. These landraces, having been cultivated in genetically diverse mosaics, offer protection against 
catastrophic losses in the event of crop failures due to extreme conditions or diseases.  
Findings/Conclusions: Genetic diversity allows for the development of sustainable solutions to pests and 
diseases, reducing dependence on pesticides and promoting more environmentally friendly farming practices. 
However, challenges related to biodiversity conservation persist, making it essential to implement public 
policies that promote agrobiodiversity and address the socioeconomic issues that limit its adoption.
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INTRODUCTION
	 Agricultural biodiversity, also known as agrobiodiversity, refers to the variety of plants, 
animals, and microorganisms used directly or indirectly in agriculture, including wild-type 
crops as well as those that have been genetically modified (Matthies et al., 2023). This 
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concept encompasses the different crop varieties and livestock breeds, as well as the natural 
systems that sustain them (Maxted et al., 2015). Agrobiodiversity is the result of thousands 
of years of selection, management, and domestication of species by humans, which has 
allowed societies to adapt to different environmental, climatic, and cultural conditions 
(Figure 1) (Agnoletti & Santoro, 2022).
	 In recent decades, there has been growing concern about the loss of agricultural 
biodiversity (Agnoletti & Santoro, 2022). Industrial agricultural practices, the expansion 
of monocultures, and the reduction in the number of crop varieties in production systems 
have accelerated this loss, putting global food security at risk (FAO, 1999). This biodiversity 
is key to maintaining a sustainable food system, capable of responding to future challenges 
such as climate change, the emergence of new pests and diseases, and fluctuations in the 
availability of natural resources ( Jackson et al., 2007; Zimmerer, 2014).
	 For this reason, this paper explores the importance of conserving agricultural 
biodiversity from the perspective of food security, emphasizing how this diversity is essential 
for ensuring food production, addressing environmental challenges, and promoting the 
resilience of agricultural systems.

Figure 1. Agrobiodiversity is defined as the subset of broader biodiversity that is used for food and agriculture. 
Defining Broader biodiversity as: The variety of living organisms from different sources including wild and 
agricultural landscapes. Agrobiodiversity: as the variety of domesticated animals, plants and microorganisms 
used for food and agriculture. Novel genetically modified agrobiodiversity: as non-naturally occurring 
genotypes. Wild biodiversity: as Naturally occurring living species, not subject to human-mediated selection. 
Crop wild relatives: as wild relatives of domesticated species; and conservation efforts needed: as wild relative 
plants who need conservation efforts to avoid their extinction.
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MATERIALS AND METHODS
	 The research was conducted using a bibliometric and data mining-based approach, 
which included the selection of the database as well as the identification of search terms 
and filters. The titles and abstracts of the articles were reviewed to identify and exclude 
those that were not relevant. Subsequently, the selected dataset was analyzed.

Bibliographic base
	 A search was conducted on the following scientific information platforms: Web of Science 
database (https://www.webofknowledge.com) and Google Scholar (https://scholar.google.
com)  (Pranckutė, 2021). A systematic search for publications related to agrobiodiversity 
systems was carried out in the WoS database and Google Scholar over the last 49 years 
(1975-2024). The most general logical operators were used in this search (agrobiodiversity, 
agri-food security, genetic resources, biodiversity, and conservation) to extract all possible 
publications related to the topic. Subsequently, search filters were applied (scientific 
articles, review articles, systematic reviews, meta-analyses, and international conservation 
guidelines/protocols) to meet the corresponding inclusion criteria. The exclusion criteria 
were articles that exceeded the time limit, as well as opinion pieces, case reports, or essays.

RESULTS AND DISCUSSION
Relationship between agricultural biodiversity and food security
	 Agricultural biodiversity is a fundamental component of global food security, as it 
enables agricultural systems to be more productive, resilient, and capable of facing various 
threats arising from climate change, pests, and diseases (Engels et al., 2021; Agnoletti & 
Santoro, 2022). Throughout history, farmers have selected and cultivated thousands of 
plant varieties and animal breeds, resulting in an enormous wealth of genetic diversity, 
which has helped ensure the availability of food in both quantity and quality ( Jago et al., 
2024).
	 One of the main benefits of agricultural biodiversity is the possibility of diversifying 
crops, which not only enriches human diets but also contributes to the stability of food 
production (Ceccarelli & Grando, 2022; Jago et al., 2024). Instead of relying solely on 
a few staple crops such as maize, wheat, or rice, which make up the bulk of global food 
production, genetic diversity in agriculture allows farmers to choose from a wider range of 
crops (Zimmerer, 2014; Zimmerer & De Haan, 2017). This is crucial for ensuring balanced 
diets that provide all the necessary nutrients for human health. For example, incorporating 
a greater variety of legumes, fruits, vegetables, and cereals into farming systems allows rural 
and urban populations to access a wider range of micronutrients, vitamins, and minerals, 
thereby preventing nutritional deficiencies, such as iron or vitamin A deficiencies, which 
are common in regions where diets rely on a few staple foods (Zimmerer et al., 2021; 
Ceccarelli & Grando, 2022; Jago et al., 2024). This has been demonstrated in rural areas of 
Kenya, where an increase in agricultural biodiversity has been associated with improved 
dietary diversity, which in turn reduces malnutrition and growth problems in children 
(Kahane et al., 2013; Jones et al., 2021). However, this relationship is not always direct, 
as food security is also influenced by socioeconomic factors such as household income 
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levels, food distribution within the household, and access to food (Chappell & LaValle, 
2011; M’Kaibi et al., 2017). The above allows us to conclude that agricultural biodiversity 
is intrinsically linked to food security, providing a foundation for dietary diversity and 
improving access to nutritious foods. However, its impact on nutrition depends on various 
interrelated factors, such as household economic stability and cultural practices. To achieve 
comprehensive food security, it is crucial to promote policies that not only encourage 
agricultural biodiversity but also address the social and economic challenges affecting 
nutrition in rural communities.

Resilience to pests and diseases in agriculture
	 Resilience in agricultural systems is essential to ensuring food security in a global 
context increasingly affected by climate change, emerging pests, and diseases (Chappell & 
LaValle, 2011). The ability of crops to withstand and recover from these stressors is crucial 
for maintaining sustained yields and protecting the genetic resources that are fundamental 
to agriculture (Frison et al., 2011; Murrell, 2017). Pests and diseases pose a significant 
threat to the stability of agricultural systems, and climate change has exacerbated these 
challenges by altering the geographic distribution of many pest and pathogen species, as 
well as their life cycles and virulence. This has created a need to develop new strategies that 
strengthen the adaptive capacity of crops, leveraging both technological advancements 
and traditional agronomic management practices (Lin, 2011; Shroff et al., 2020; Chauhan 
et al., 2023).
	 One of the main strategies to enhance crop resilience against pests and diseases is proper 
soil management (Dardonville et al., 2022). The use of cover crops and the incorporation 
of organic amendments not only improve soil structure and increase its water retention 
capacity but also promote microbial biodiversity, which in turn strengthens the natural 
defenses of crops. In this way, the addition of organic matter increases biological activity 
in the soil, enhancing crop resistance to pathogen attacks and creating a less favorable 
environment for pest development (Nciizah et al., 2021; Dardonville et al., 2022). Another 
essential strategy is crop diversification, which can reduce pest and disease pressure (Huss 
et al., 2022). By increasing biodiversity in agricultural systems, the life cycles of many pests 
are disrupted, and disease spread is reduced, contributing to the creation of more robust 
agricultural systems (Huang & Zhao, 2017; Yu et al., 2022). Including different species 
in crop rotations has shown positive effects not only on soil health improvement but also 
on the capacity of agricultural systems to withstand external disturbances (Wu & Wang, 
2017; Wang et al., 2021). In fact, diversification at the field and landscape levels has been 
associated with lower pest incidence and greater stability of agroecosystems in general. 
Conversely, when farmers cultivate large areas of monocultures (plantations dominated by 
a single crop variety), they become more vulnerable to disease spread (Yin et al., 2010; Liu 
et al., 2022). A pest adapted to a particular species can spread quickly and devastate entire 
crops, jeopardizing food production (Wang et al., 2021; Liu et al., 2022). In addition to 
the aforementioned positive effects, agricultural biodiversity promotes healthy agricultural 
ecosystems by enhancing soil fertility and conserving beneficial insect biodiversity, such 
as pollinators and natural pest predators (Sarwar et al., 2008; N’Dayegamiye et al., 2017). 
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Additionally, biotechnology has emerged as a powerful tool to improve crop resilience 
against pests and diseases. Through advanced techniques such as gene editing and genetic 
engineering, scientists have developed crop varieties resistant to specific pests and diseases, 
reducing the need for pesticides and other chemicals (Pathirana et al., 2024). In particular, 
genetic engineering has enabled the creation of crops with intrinsic resistance to insects or 
viruses that would otherwise cause significant agricultural yield losses. Moreover, advances 
have been made in developing crops that are more resistant to extreme environmental 
conditions, such as drought or high temperatures, which is crucial in the context of climate 
change (Lindberg et al., 2021; Henderson et al., 2024; Pathirana et al., 2024).
	 On the other hand, the effects of climate change are not limited solely to the increase 
in the severity of pests and diseases; they also alter the dynamics of agricultural ecosystems 
(Nciizah et al., 2021). Higher temperatures and variations in precipitation patterns affect 
both plants and the organisms that depend on them. Some studies have shown, for example, 
that certain pest insects, such as aphids, can increase their populations in warmer climates, 
while the natural enemies of these insects are negatively impacted, reducing their ability to 
effectively control pests (Lobell et al., 2008; Aukema et al., 2017).
	 In conclusion, resilience against pests and diseases is fundamental to agri-food security. 
Strategies that combine adapted agricultural practices, such as climate-smart agriculture 
and agroforestry, along with the use of advanced biotechnology and sustainable resource 
management, offer the best opportunities to protect agricultural systems and ensure 
stability in food production. However, it is crucial to consider the ethical and environmental 
challenges posed by biotechnology, as well as the inequalities in access to these innovations, 
especially for small-scale farmers. In this regard, continued investment in research and 
public policies that promote both the conservation of genetic resources and the development 
of sustainable technologies will be key to addressing future challenges in an equitable and 
effective manner.

Impacts of genetic erosion on agriculture
	 Genetic erosion in agriculture is closely linked to the loss of genetic diversity in crops, 
which negatively impacts the productivity, resilience, and adaptability of agricultural 
systems (Sirami et al., 2019; Khoury et al., 2022). This process involves a reduction in 
variability among species, varieties, and within the crops themselves. Such loss affects both 
wild relatives of crops and traditional varieties, which have been managed by farmers 
for generations, limiting their ability to adapt (Harlan, 1975; Egli et al., 2020). Currently, 
various factors such as habitat fragmentation, climate change, the introduction of non-
native species, pollution, and overexploitation have intensified the rate of extinction 
(Hammer & Teklu, 2008; Pathirana & Carimi, 2022). This has triggered a phenomenon 
known as the “extinction vortex,” where declining populations experience a reduction in 
genetic variability, diminishing their ability to adapt and survive (Díez-del-Molino et al., 
2018; Bosse & van Loon, 2022).
	 Genetic erosion is particularly concerning because genetic diversity is essential for 
crops to face environmental challenges such as climate change, pests, and diseases (Bosse & 
van Loon, 2022; Khoury et al., 2022). The loss of traditional varieties, which are selected 
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by local farmers to adapt to specific conditions, increases agriculture’s vulnerability to 
external disruptions. These landraces, having been cultivated in genetically diverse 
mosaics, offer protection against catastrophic losses in the event of crop failures due to 
extreme conditions or diseases (Tsegaye & Berg, 2007; Babay et al., 2020). However, the 
replacement of these varieties with modern crops, which are generally homogeneous 
and designed for high yields under controlled conditions, has increased dependence on 
external inputs such as fertilizers and pesticides (Casañas et al., 2017; Birhanu Abegaz 
& Hailu Tessema, 2021). Furthermore, genetic erosion has significant implications for 
global food security. The reduction in crop diversity limits farmers’ options, which can 
result in decreased production, particularly under environmental stress conditions such as 
droughts or rising temperatures (Fu & Dong, 2015; Hailu, 2017; Legesse, 2020). This point 
is especially relevant in the context of climate change, where the ability of crops to adapt 
to new conditions is crucial for ensuring sustainable agricultural production (Dempewolf 
et al., 2014; Bosse & van Loon, 2022). Another significant impact of genetic erosion is 
the loss of local adaptation. Traditional varieties have evolved over centuries to adapt to 
specific environments, making them a vital part of agriculture in regions with complex or 
changing environmental conditions (Casañas et al., 2017). Replacing these varieties with 
modern crops can lead to the loss of this valuable adaptive capacity, leaving agricultural 
systems more exposed to the adverse effects of environmental changes or the emergence of 
new pests and diseases (Zeven, 1999).
	 At a cultural level, genetic erosion also has profound consequences. The management 
and conservation of agricultural diversity are intrinsically linked to traditional knowledge, 
which forms part of the cultural heritage of many rural communities (Rajeswara, 2016). 
When traditional varieties disappear, this knowledge is lost along with them, leading to both 
genetic and cultural erosion (Rogers, 2004). This loss directly impacts the self-sufficiency 
of farming communities, hindering their ability to effectively manage their agricultural 
resources (Van de Wouw et al., 2010).
	 To assess genetic erosion, several methodologies have been proposed, such as genomic 
heterozygosity analysis and the detection of runs of homozygosity (ROH), which can 
indicate recent inbreeding (Narasimhan et al., 2016). ROHs reveal regions of the genome 
where recessive, deleterious mutations may be expressed in a homozygous state, negatively 
affecting health and reproduction (Bosse et al., 2018; Stoffel et al., 2021). The accumulation 
of deleterious mutations in small populations, known as genetic load, can also increase 
rapidly, contributing to population decline and, eventually, extinction (Doekes et al., 2021; 
Stoffel et al., 2021). One of the main challenges in genetic conservation is the lack of 
precise tools to quantify genetic erosion. Although whole-genome sequencing has enabled 
advances in identifying the loss of genetic diversity, there is still no consensus within the 
scientific community on the optimal methods for accurately measuring it. The difficulty 
also lies in translating these genomic advances into practical applications for conservation 
(Silva et al., 2021; Bosse & van Loon, 2022).
	 In response to these challenges, various conservation strategies have been implemented, 
such as ex situ conservation in gene banks and in situ conservation on farms, allowing 
varieties to continue evolving in their natural environments (Pathirana et al., 2022). 
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Additionally, genetic rescue initiatives have been carried out, where genetic variability 
from other populations is introduced to improve genetic fitness, as seen in cases like the 
Florida panther and the American bison (Hedrick, 2009). However, these strategies are not 
without risks, as there is also the possibility of introducing harmful mutations that could 
increase genetic load in the long term (Salgotra & Chauhan, 2023). Despite international 
efforts, the scale and implications of genetic diversity loss are still not fully understood, 
making it difficult to plan more effective conservation strategies (Brush, 1999).
	 In conclusion, genetic erosion is a critical threat to species survival, especially in the 
context of accelerated environmental change. Despite advances in genomic technology, 
it remains urgent to develop and standardize methods that effectively quantify genetic 
erosion. This effort would facilitate the identification and prioritization of the most 
vulnerable populations and enable the implementation of appropriate genetic interventions 
to mitigate the effects of inbreeding and the loss of genetic diversity.

Strategies for the conservation of agricultural biodiversity
	 The conservation of agricultural biodiversity is a critical challenge that has gained 
relevance in recent decades due to its importance for the sustainability of global food 
systems and the ability of crops to adapt to changing environmental conditions (Pe’er et 
al., 2020; Williams et al., 2021). With the advent of genetic improvement programs in the 
20th century, high-yielding varieties resistant to biotic and abiotic factors were promoted, 
leading to a drastic reduction in genetic diversity in agricultural fields. More than 75% 
of genetic diversity in plant genetic resources (PGRs) and 90% of crop varieties have 
disappeared, endangering the sustainability of the global agricultural system (Thrupp, 
2000; FAO, 2018; Bélanger & Pilling, 2019). As a result, various international institutions 
and multilateral agreements have implemented strategies to preserve agricultural genetic 
resources and promote their sustainable use, with the aim of protecting biodiversity, 
ensuring food security, and strengthening resilience against threats such as climate change 
and environmental degradation (Priyanka et al., 2021; Pathirana & Carimi, 2022). In 
response to this crisis, various conservation strategies have been developed. The first is in situ 
conservation, which involves maintaining genetic resources in their natural environments 
or on farms where they continue to evolve (Salgotra & Gupta, 2015; Salgotra & Chauhan, 
2023), allowing plant varieties to keep adapting to changing environmental conditions, 
which is vital in the context of climate change (Ogwu et al., 2014). Additionally, in situ 
conservation promotes the use of landraces and other local varieties by farmers, thereby 
helping to maintain genetic diversity in the fields (Hammer & Teklu, 2008).
	 The second approach is ex situ conservation, which allows genetic resources to be 
stored outside their natural environment through seed banks (Pathirana & Carimi, 2022). 
This has been made possible through the participation of various institutions, such as 
the Food and Agriculture Organization of the United Nations (FAO), which has played 
a central role since the 1960s, promoting initiatives like the Global Plan of Action for the 
Conservation and Sustainable Use of Plant Genetic Resources and collaborating in the 
adoption of international frameworks such as the Convention on Biological Diversity 
(CBD) and the International Treaty on Plant Genetic Resources for Food and Agriculture 
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(ITPGRFA), which came into force in 2004 and has been a key instrument for coordinating 
global efforts in the conservation and sustainable use of these resources (Priyanka et al., 
2021; Pathirana & Carimi, 2022; Salgotra & Chauhan, 2023). This treaty not only seeks 
to conserve genetic diversity but also ensures that the benefits derived from its use are 
shared fairly and equitably among all parties involved. Additionally, the Nagoya Protocol, 
which came into effect in 2014, sets guidelines for access to genetic resources and the 
equitable distribution of benefits obtained from their use (Buck & Hamilton, 2011). This 
protocol creates incentives for the conservation and sustainable use of biodiversity, linking 
the conservation of genetic resources with economic development and human well-being 
(Smith et al., 2017). Alongside these agreements, the Cartagena Protocol on Biosafety 
addresses the importance of ensuring the safe handling of genetically modified organisms 
(GMOs) that may affect biodiversity, contributing to safety in biotechnology agriculture. 
This is crucial to promoting crop improvement that can adapt to environmental 
challenges and meet the food needs of a growing population (FAO, 2019; FAO, 2020). 
The safeguarding and storage of these genetic resources have been achieved through 
institutions such as the Svalbard Global Seed Vault and other programs supported by the 
Global Crop Diversity Trust (Global Crop Trust). This approach provides a secure way 
to preserve the long-term viability of crops while protecting threatened species (Priyanka 
et al., 2021). Likewise, organizations like Botanic Gardens Conservation International 
(BGCI) have played a crucial role in the conservation of live plants through botanical 
gardens and in-field gene banks, which are particularly useful for protecting species 
that cannot be stored as seeds or perennial crops (BGCI, 2020) (Acuña et al., 2019; 
Priyanka et al., 2021; Salgotra & Chauhan, 2023). In Mexico, germplasm banks such as 
the International Maize and Wheat Improvement Center (CIMMYT) and the National 
Center for Genetic Resources (CNRG-INIFAP) stand out, with a primary mission of 
conserving agricultural biodiversity within the context of food security (Ortiz et al., 2008; 
Vélez-Torres et al., 2023). Similarly, many other conservation centers around the world 
(Table 1) are dedicated to the conservation of specific genetic resources. These institutions 
focus on the collection, storage, and preservation of agro-food genetic resources from 
thousands of crop varieties, ensuring their availability for future generations and their use 
in plant research and improvement.
	 However, despite international efforts and technological advances, the conservation 
of agricultural biodiversity faces significant challenges related to the integration of 
various stakeholders, particularly farmers and scientists. While both groups recognize 
the importance of biodiversity, their perceptions of ecosystem services and conservation 
measures differ considerably; farmers tend to focus on tangible and immediate benefits, 
such as pest control, whereas scientists emphasize the importance of less visible ecosystem 
services, such as air quality, water quality, and genetic diversity (Concepción et al., 2020; 
Maas et al., 2021; Williams et al., 2021). This underscores the importance of improving 
communication channels between scientists, farmers, and policymakers, with the aim of 
overcoming this disconnect through the creation of dialogue platforms and educational 
programs that provide farmers with practical tools for the sustainable management of their 
lands (Concepción et al., 2020; Maas et al., 2021).
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Table 1. Research institutes focused on the conservation and maintenance of genetic resources (Salgotra & 
Chauhan, 2023; Pathirana & Carimi, 2024).

Institute Crop Country
International Rice Research Institute (IRRI) Rice Philippines

Centre International de Mejoramiento de 
Maíz y Trigo (CIMMYT) Maize and wheat (triticale, barley, sorghum) Mexico

Center International de Agricultura 
Tropical (CIAT)

Cassava and beans (also maize and rice), in 
collaboration with CIMMYT and IRRI Colombia

International Institute of Tropical 
Agriculture (IITA)

Grain legumes, roots and tubers, farming 
systems, cassava, banana, yam Nigeria

Centre International de la Papa (CIP) Potato, Andean root, and tubers Peru

International Crops Research Institute for 
Semi-Arid Tropics (ICRISAT)

Sorghum, groundnut, pearl millet, Bengal 
gram, red gram India

West African Rice Development Association 
(WARDA)

Regional cooperative rice research in 
collaboration with IITA and IRRI Liberia

International Plant Genetic Research 
Institute (IPGRI) Genetic conservation Italy

National Bureau of Plant Genetic Resources Fruits, tubers, medicinal and aromatic 
crops, spices, bulbous crops India

The Asian Vegetable Research and 
Development Center (AVRDC) Tomato, onion, peppers, Chinese cabbage Taiwan

International Center for Tropical 
Agriculture (CIAT) Cassava Colombia

The New Zealand Institute for Plant and 
Food Research Limited Kiwi fruit (Actinidia spp.) New 

Zealand

National Center for Genetic Resources 
(CNRG) Plant and animal genetic resources Mexico

	 In conclusion, the conservation of agricultural biodiversity cannot rely solely on 
economic incentives or technological advancements; it requires effective collaboration 
among the various stakeholders involved. The FAO, CGIAR (Consortium of International 
Agricultural Research Centres), and other international institutions have established a solid 
foundation through global frameworks and ex situ and in situ strategies, but it is necessary to 
better integrate the perceptions and needs of farmers and improve communication between 
scientists and producers (Noriega et al., 2019). Only through an inclusive and collaborative 
approach can the adoption of practices that promote agricultural sustainability and the 
conservation of genetic resources, essential for facing future agricultural challenges, be 
ensured.

CONCLUSION
	 Agricultural biodiversity is essential for food security in a world facing unprecedented 
climatic and environmental challenges. The loss of this biodiversity jeopardizes the 
ability to produce food sustainably and adapt to a changing environment. Preserving 
agrobiodiversity not only ensures greater stability in food production but also strengthens 
rural economies, protects ecosystems, and promotes social equity. For this reason, solutions 
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for its conservation must be comprehensive, involving farmers, governments, national 
and international institutions, and society as a whole to ensure food security for future 
generations and build a more resilient and sustainable food system.

REFERENCES
Acuña, C. A., Martínez, E. J., Zilli, A. L., Brugnoli, E. A., Espinoza, F., Marcón, F., ... & Quarin, C. L. (2019). 

Reproductive systems in Paspalum: Relevance for germplasm collection and conservation, breeding 
techniques, and adoption of released cultivars. Frontiers in Plant Science, 10, 1377.

Agnoletti, M., & Santoro, A. (2022). Agricultural heritage systems and agrobiodiversity. Biodiversity and 
Conservation, 31(10), 2231-2241.

Aukema, J. E., Pricope, N. G., Husak, G. J., & Lopez-Carr, D. (2017). Biodiversity areas under threat: overlap 
of climate change and population pressures on the world’s biodiversity priorities. PloS one, 12(1), 
e0170615.

Babay, E., Khamassi, K., Sabetta, W., Miazzi, M. M., Montemurro, C., Pignone, D., ... & Mangini, G. (2020). 
Serendipitous in situ conservation of faba bean landraces in Tunisia: A case study. Genes, 11(2), 236.

Bélanger, J., & Pilling, D. (2019). The state of the world’s biodiversity for food and agriculture (pp. xli+-529).
Birhanu Abegaz, S., & Hailu Tessema, F. (2021). Farmers’ perception about the use of Sorghum (Sorghum 

bicolor (L.) Moench) landraces and their genetic erosion in South Wollo Administrative Zone, Ethiopia. 
International Journal of Agronomy, 2021(1), 3601897.

Bosse, M., & van Loon, S. (2022). Challenges in quantifying genome erosion for conservation. Frontiers in 
Genetics, 13, 960958.

Buck, M., & Hamilton, C. (2011). The Nagoya Protocol on access to genetic resources and the fair and equitable 
sharing of benefits arising from their utilization to the Convention on Biological Diversity. Review of 
European Community & International Environmental Law, 20(1), 47-61.

Casañas, F., Simó, J., Casals, J., & Prohens, J. (2017). Toward an evolved concept of landrace. Frontiers in plant 
science, 8, 145.

Ceccarelli, S., & Grando, S. (2022). Return to agrobiodiversity: Participatory plant breeding. Diversity, 14(2), 
126.

Chappell, M. J., & LaValle, L. A. (2011). Food security and biodiversity: can we have both? An agroecological 
analysis. Agriculture and human values, 28, 3-26.

Chauhan, A. P. S., Singh, D., Sharma, O. P., Kushwah, N., & Kumhare, A. (2023). Agronomic practices for 
enhancing resilience in crop plants. Plant Science Archives. V08i03, 1.

Concepción, E. D., Aneva, I., Jay, M., Lukanov, S., Marsden, K., Moreno, G., ... & Díaz, M. (2020). Optimizing 
biodiversity gain of European agriculture through regional targeting and adaptive management of 
conservation tools. Biological Conservation, 241, 108384.

Dardonville, M., Bockstaller, C., Villerd, J., & Therond, O. (2022). Resilience of agricultural systems: 
Biodiversity-based systems are stable, while intensified ones are resistant and high-yielding. Agricultural 
Systems, 197, 103365.

Dempewolf, H., Eastwood, R. J., Guarino, L., Khoury, C. K., Müller, J. V., & Toll, J. (2014). Adapting 
agriculture to climate change: a global initiative to collect, conserve, and use crop wild relatives. 
Agroecology and Sustainable Food Systems, 38(4), 369-377.

Díez-del-Molino, D., Sánchez-Barreiro, F., Barnes, I., Gilbert, M. T. P., & Dalén, L. (2018). Quantifying 
temporal genomic erosion in endangered species. Trends in Ecology & Evolution, 33(3), 176-185.

Doekes, H. P., Bijma, P., & Windig, J. J. (2021). How depressing is inbreeding? A meta-analysis of 30 years of 
research on the effects of inbreeding in livestock. Genes, 12(6), 926.

Egli, L., Schröter, M., Scherber, C., Tscharntke, T., & Seppelt, R. (2020). Crop asynchrony stabilizes food 
production. Nature, 588(7837), E7-E12.

Engels, J. M., & Ebert, A. W. (2021). A critical review of the current global ex situ conservation system for plant 
agrobiodiversity. I. History of the development of the global system in the context of the political/legal 
framework and its major conservation components. Plants, 10(8), 1557.

FAO (1999) Agricultural Biodiversity, Multifunctional Character of Agriculture and Land Conference, 
Background Paper 1. Maastricht, Netherlands. September 1999.

Fao, F. A. O. S. T. A. T. (2018). Food and agriculture organization of the United Nations. Rome, URL: http://
faostat. fao. org, 403-403.

FAO. WIEWS: World Information and Early Warning System on Plant Genetic Resources for Food and 
Agriculture; FAO: Rome, Italy, 2019; Available online: http://www.fao.org/wiews (accessed on 10 
september 2024).



111 AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i10.3084 

FAO. 2020. Available online: http://www.fao.org/sustainable-development-goals/indicators/251a/en/2020 
(accessed on 13 April 2024).

Frison, E. A., Cherfas, J., & Hodgkin, T. (2011). Agricultural biodiversity is essential for a sustainable 
improvement in food and nutrition security. Sustainability, 3(1), 238-253.

Fu, Y. B., & Dong, Y. B. (2015). Genetic erosion under modern plant breeding: case studies in Canadian crop 
gene pools. Genetic Diversity and Erosion in Plants: Indicators and Prevention, 89-104.

Hailu, F. (2017). Farmers perception of pesticide use and genetic erosion of landraces of tetraploid wheat 
(Triticum spp.) in Ethiopia. Genetic resources and crop evolution, 64, 979-994.

Hammer, K., & Teklu, Y. (2008). Plant genetic resources: selected issues from genetic erosion to genetic 
engineering. Journal of Agriculture and Rural Development in the Tropics and Subtropics (JARTS), 109(1), 
15-50.

Harlan, J. R. (1975). Our Vanishing Genetic Resources: Modern varieties replace ancient populations that 
have provided genetic variability for plant breeding programs. Science, 188(4188), 618-621.

Henderson, K., Lang, B., Kemper, J., & Conroy, D. (2024). Exploring diverse food system actor perspectives 
on gene editing: a systematic review of socio-cultural factors influencing acceptability. Agriculture and 
Human Values, 41(2), 883-907.

Hedrick, P. W. (2009). Conservation genetics and North American bison (Bison bison). Journal of Heredity, 100(4), 
411-420.

Huang, g., & zhao, q. (2017). Current situation, issues and countermeasures of crop rotation and land fallow in 
Jiangxi Province. Chinese Journal of Eco-Agriculture, 25(7), 1002-1007.

Huss, C. P., Holmes, K. D., & Blubaugh, C. K. (2022). Benefits and risks of intercropping for crop resilience 
and pest management. Journal of economic entomology, 115(5), 1350-1362.

Jackson, L. E., Pascual, U., & Hodgkin, T. (2007). Utilizing and conserving agrobiodiversity in agricultural 
landscapes. Agriculture, ecosystems & environment, 121(3), 196-210.

Jago, S., Elliott, K. F. V. A., Tovar, C., Soto Gomez, M., Starnes, T., Abebe, W., ... & Borrell, J. S. (2024). 
Adapting wild biodiversity conservation approaches to conserve agrobiodiversity. Nature Sustainability, 
1-10.

Jones, S. K., Estrada-Carmona, N., Juventia, S. D., Dulloo, M. E., Laporte, M. A., Villani, C., & Remans, R. 
(2021). Agrobiodiversity Index scores show agrobiodiversity is underutilized in national food systems. 
Nature food, 2(9), 712-723.

Kahane, R., Hodgkin, T., Jaenicke, H., Hoogendoorn, C., Hermann, M., Keatinge, J. D. H., ... & Looney, N. 
(2013). Agrobiodiversity for food security, health and income. Agronomy for sustainable development, 33, 
671-693.

Khoury, C. K., Brush, S., Costich, D. E., Curry, H. A., De Haan, S., Engels, J. M., ... & Thormann, I. (2022). 
Crop genetic erosion: understanding and responding to loss of crop diversity. New Phytologist, 233(1), 
84-118.

Legesse, A. (2020). Assessment of coffee (Coffea arabica L.) genetic erosion and genetic resources management 
in Ethiopia. International Journal of Agricultural Extension, 7(3), 223-229.

Lindberg, S., Bain, C., & Selfa, T. (2023). Regulating gene editing in agriculture and food in the European 
Union: Disentangling expectations and path dependencies. Sociologia Ruralis, 63(2), 348-369.

Lin, B. B. (2011). Resilience in agriculture through crop diversification: adaptive management for environmental 
change. BioScience, 61(3), 183-193.

Liu, C., Plaza-Bonilla, D., Coulter, J. A., Kutcher, H. R., Beckie, H. J., Wang, L., ... & Gan, Y. (2022). 
Diversifying crop rotations enhances agroecosystem services and resilience. Advances in Agronomy, 173, 
299-335.

Lobell, D. B., Burke, M. B., Tebaldi, C., Mastrandrea, M. D., Falcon, W. P., & Naylor, R. L. (2008). Prioritizing 
climate change adaptation needs for food security in 2030. Science, 319(5863), 607-610.

Maas, B., Fabian, Y., Kross, S. M., & Richter, A. (2021). Divergent farmer and scientist perceptions of 
agricultural biodiversity, ecosystem services and decision-making. Biological Conservation, 256, 109065.

Matthies, A. E., Fayet, C. M., O’Connor, L. M., & Verburg, P. H. (2023). Mapping agrobiodiversity in Europe: 
Different indicators, different priority areas. Ecological Indicators, 154, 110744.

Maxted, N., Avagyan, A., Frese, L., Iriondo, J. M., Magos Brehm, J., Singer, A., & Kell, S. P. (2015). ECPGR 
Concept for in situ conservation of crop wild relatives in Europe. Wild Species Conservation in Genetic 
Reserves Working Group, European Cooperative Programme for Plant Genetic Resources, Rome, 
Italy, 1-20.

M’Kaibi, F. K., Steyn, N. P., Ochola, S. A., & Du Plessis, L. (2017). The relationship between agricultural 
biodiversity, dietary diversity, household food security, and stunting of children in rural Kenya. Food 
science & nutrition, 5(2), 243-254.



112 AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i10.3084 

Murrell, E. G. (2017). Can agricultural practices that mitigate or improve crop resilience to climate change also 
manage crop pests?. Current opinion in insect science, 23, 81-88.

Narasimhan, V., Danecek, P., Scally, A., Xue, Y., Tyler-Smith, C., & Durbin, R. (2016). BCFtools/RoH: a 
hidden Markov model approach for detecting autozygosity from next-generation sequencing data. 
Bioinformatics, 32(11), 1749-1751.

Nciizah, A. D., Mupambwa, H. A., Nyambo, P., Muchara, B., & Nantapo, C. W. (2021). Ecological 
agriculture’s potential in building the resilience of smallholder agricultural soils under a changing 
climate. In Handbook of climate change management: research, leadership, transformation (pp. 591-
611). Cham: Springer International Publishing.

N’Dayegamiye, A., Nyiraneza, J., Grenier, M., Bipfubusa, M., & Drapeau, A. (2017). The benefits of crop 
rotation including cereals and green manures on potato yield and nitrogen nutrition and soil properties. 
Adv. Crop Sci. Technol, 5(03).

Noriega, I. L., Halewood, M., Abberton, M., Amri, A., Angarawai, I. I., Anglin, N., ... & Wenzl, P. (2019). 
CGIAR operations under the plant treaty framework. Crop Science, 59(3), 819-832.

Ogwu, M. C., Osawaru, M. E., & Ahana, C. M. (2014). Challenges in conserving and utilizing plant genetic 
resources (PGR). Int J Genet Mol Biol, 6(2), 16-22.

Ortiz, R., Braun, H. J., Crossa, J., Crouch, J. H., Davenport, G., Dixon, J., ... & Iwanaga, M. (2008). 
Wheat genetic resources enhancement by the International Maize and Wheat Improvement Center 
(CIMMYT). Genetic Resources and Crop Evolution, 55, 1095-1140.

Pathirana, R., & Carimi, F. (2022). Management and utilization of plant genetic resources for a sustainable 
agriculture. Plants, 11(15), 2038.

Pathirana, R., & Carimi, F. (2024). Plant Biotechnology—An Indispensable Tool for Crop Improvement. 
Plants, 13(8), 1133.

Pe’er, G., Bonn, A., Bruelheide, H., Dieker, P., Eisenhauer, N., Feindt, P. H., ... & Lakner, S. (2020). Action 
needed for the EU Common Agricultural Policy to address sustainability challenges. People and nature, 
2(2), 305-316.

Pranckutė, R. (2021). Web of Science (WoS) and Scopus: The titans of bibliographic information in today’s 
academic world. Publications, 9(1), 12.

Priyanka, V., Kumar, R., Dhaliwal, I., & Kaushik, P. (2021). Germplasm conservation: instrumental in 
agricultural biodiversity—a review. Sustainability, 13(12), 6743.

Rajeswara Rao, B. R. (2016). Genetic diversity, genetic erosion, conservation of genetic resources, and 
cultivation of medicinal plants. Genetic Diversity and Erosion in Plants: Case Histories, 357-407.

Rogers, D. L. (2004). Genetic erosion: no longer just an agricultural issue. Native Plants Journal, 5(2), 112-122.
Sarwar, G., Schmeisky, H., Hussain, N., Muhammad, S., Ibrahim, M., & Safdar, E. (2008). Improvement of 

soil physical and chemical properties with compost application in rice-wheat cropping system. Pakistan 
Journal of Botany, 40(1), 275-282.

Salgotra, R. K., & Gupta, B. B. (Eds.). (2015). Plant genetic resources and traditional knowledge for food 
security (No. 11481). Springer Singapore.

Salgotra, R. K., & Chauhan, B. S. (2023). Genetic diversity, conservation, and utilization of plant genetic 
resources. Genes, 14(1), 174.

Shroff, R., & Cortés, C. R. (2020). The biodiversity paradigm: Building resilience for human and environmental 
health. Development (Society for International Development), 63(2-4), 172.

Silva, É. D. B. D., Xavier, A., & Faria, M. V. (2021). Impact of genomic prediction model, selection intensity, 
and breeding strategy on the long-term genetic gain and genetic erosion in soybean breeding. Frontiers 
in Genetics, 12, 637133.

Sirami, C., Gross, N., Baillod, A. B., Bertrand, C., Carrié, R., Hass, A., ... & Fahrig, L. (2019). Increasing crop 
heterogeneity enhances multitrophic diversity across agricultural regions. Proceedings of the National 
Academy of Sciences, 116(33), 16442-16447.

Smith, D., da Silva, M., Jackson, J., & Lyal, C. (2017). Explanation of the Nagoya Protocol on access and 
benefit sharing and its implication for microbiology. Microbiology, 163(3), 289-296.

Stoffel, M. A., Johnston, S. E., Pilkington, J. G., & Pemberton, J. M. (2021). Genetic architecture and lifetime 
dynamics of inbreeding depression in a wild mammal. Nature communications, 12(1), 2972.

Thrupp, L. A. (2000). Linking agricultural biodiversity and food security: the valuable role of agrobiodiversity 
for sustainable agriculture. International affairs, 76(2), 265-281.

Tsegaye, B., & Berg, T. (2007). Genetic erosion of Ethiopian tetraploid wheat landraces in Eastern Shewa, 
Central Ethiopia. Genetic Resources and Crop Evolution, 54, 715-726.

Van de Wouw, M., Kik, C., van Hintum, T., van Treuren, R., & Visser, B. (2010). Genetic erosion in crops: 
concept, research results and challenges. Plant genetic resources, 8(1), 1-15.



113 AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i10.3084 

Vélez-Torres, M., Cruz-Gutiérrez, E. J., Calderón-Zavala, G., & Arellano-Ostoa, G. (2023). Conservación in 
vitro de recursos genéticos de zarzamora (Rubus sp.) y fresa (Fragariaananassa) mediante crecimiento 
mínimo. Agro-Divulgación, 3(4).

Wang, H., Zhang, X., Yu, X., Hou, H., Fang, Y., Ma, Y., & Zhang, G. (2021). Maize‐potato rotation maintains 
soil water balance and improves productivity. Agronomy Journal, 113(1), 645-656.

Williams, D. R., Clark, M., Buchanan, G. M., Ficetola, G. F., Rondinini, C., & Tilman, D. (2021). Proactive 
conservation to prevent habitat losses to agricultural expansion. Nature sustainability, 4(4), 314-322.

Wu, P., & Wang, Y. (2017). Establishing system of ecological compensation for farmland rotation. Theory 
Reform, 4, 20-27.

Yu, T., Mahe, L., Li, Y., Wei, X., Deng, X., & Zhang, D. (2022). Benefits of crop rotation on climate resilience 
and its prospects in China. Agronomy, 12(2), 436.

Yin, C., Jones, K. L., Peterson, D. E., Garrett, K. A., Hulbert, S. H., & Paulitz, T. C. (2010). Members of soil 
bacterial communities sensitive to tillage and crop rotation. Soil Biology and Biochemistry, 42(12), 2111-
2118.

Zeven, A. C. (1999). The traditional inexplicable replacement of seed and seed ware of landraces and cultivars: 
a review. Euphytica, 110, 181-191.

Zimmerer, K. S. (2014). Conserving agrobiodiversity amid global change, migration, and nontraditional 
livelihood networks: the dynamic uses of cultural landscape knowledge. Ecology and Society, 19(2).

Zimmerer, K. S., & De Haan, S. (2017). Agrobiodiversity and a sustainable food future. Nature Plants, 3(4), 1-3.
Zimmerer, K. S., Duvall, C. S., Jaenicke, E. C., Minaker, L. M., Reardon, T., & Seto, K. C. (2021). Urbanization 

and agrobiodiversity: Leveraging a key nexus for sustainable development. One Earth, 4(11), 1557-1568.


	_GoBack
	_Hlk136904204
	_Hlk177121382
	_Hlk168510174
	_Hlk111390226
	_Hlk167706749
	_Hlk167693845
	_Hlk142731720
	_Hlk133317628
	_Hlk168512101
	_Hlk70167927
	_Hlk123280471
	_Hlk147313661
	_Hlk147495228
	_Hlk147493454
	_gjdgxs
	_30j0zll
	_Ref176860006
	_Ref178347625
	_Hlk178063784
	_Hlk178150693
	_Hlk178149774
	_Hlk178240658
	_Hlk178340567
	_Hlk178149661
	_Hlk178794828
	_Hlk166181565
	_Hlk135303222
	_Hlk135303464
	_Hlk135305966
	_Hlk135305771
	_Hlk135306145
	_Hlk167539918
	_Hlk110941120
	mr
	dr
	tau
	mrc
	mrii
	ko
	fo
	foi
	def
	dh
	dg
	aer
	inh
	t
	drp
	ck
	mraj
	lnmrii
	_Hlk160141912
	lndf
	dhl
	dgl
	_Hlk139216113
	_Hlk139216074
	_Hlk179274506

