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Abstract: This literature review analyzes the 
differences and similarities between tempera-
te and tropical agroecosystems. The first parts 
address systems theory and the components 
of systems in order to understand the concept 
of ecosystem, from which the concept of agro-
ecosystem originates. The second part addres-
ses the concept of agroecosystem in its entire-
ty, its subsystems and its limits, as well as the 
concepts of sustainability and sustainability to 
understand the functioning and management 
of agroecosystems. Finally, the characteris-
tics, history, evolution, crops, and different 
management practices of agroecosystems in 
tropical and temperate regions are analyzed. 
In addition, a comparison of both types of 
agroecosystems was made to understand their 
similarities and differences within the fra-
mework of agroecosystems, their subsystems, 
and their limits. 

INTRODUCTION
The concept of agroecosystem has been a 

pillar in the analysis of agricultural systems, 
where the interactions between natural and 
sociocultural elements in a given space are 
recognized. This vision is complemented by 
the general systems theory (GST) developed 
by Ludwig von Bertalanffy, which proposes 
that systems are an organized whole where 
their parts interact in such a way that they ge-
nerate a functionality greater than the sum of 
their constituent elements (Zhang & Ahmed, 
2020). In this context, agroecosystems repre-
sent open and dynamic units, composed of 
subsystems such as human, productive, and 
semi-natural, which constantly interact to 
maintain agricultural sustainability and pro-
ductivity (León-Sicard et al., 2018). The in-
terdependence between these components is 
essential for the management and success of 
agricultural systems, especially in tropical and 
temperate regions. Tropical regions, with their 
high biodiversity, have witnessed the transfor-

mation of natural ecosystems into agroecosys-
tems, influenced by history and agricultural 
practices such as the Green Revolution, which 
intensified agricultural production at the ex-
pense of biodiversity (Perfecto & Vandermeer, 
2008). In contrast, temperate agroecosystems 
present a different environment, characteri-
zed by climatic seasonality and an agricultural 
approach geared toward the production of hi-
ghly mechanized annual monocultures (Nair 
et al., 2021). Despite climatic differences, both 
types of agroecosystems face similar challen-
ges in terms of biodiversity conservation and 
ecological balance, highlighting the impor-
tance of sustainable practices to ensure their 
long-term functionality.

INTRODUCTION TO GENERAL 
SYSTEMS THEORY 
The term system has its roots in the Gre-

ek word sýstēma, which means “an organized 
whole.” Today, it is understood as a set of inte-
racting parts or elements that generate greater 
functionality than the sum of their components 
(Zhang & Ahmed, 2020). General Systems The-
ory (GST) was proposed by Ludwig von Berta-
lanffy in the 1920s with the aim of developing 
theoretical models that would connect different 
areas of knowledge. This approach sought to 
avoid duplication of effort in the study of simi-
lar phenomena and to promote the creation of 
theories applicable to multiple disciplines. GST 
is based on isomorphisms, which are structural 
similarities between systems from different dis-
ciplines that are initially unrelated (Carr-Chell-
man & Carr-Chellman, 2020; von Bertalanffy 
& Sutherland, 1974). In 1969, von Bertalanffy 
argued that natural systems are open, as they 
exchange matter and energy with their envi-
ronment. These dynamic systems have the abi-
lity to achieve and maintain equilibrium under 
conditions of constant exchange. In addition, 
he proposed the principle of equifinality, ac-
cording to which open systems can reach the 
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same final state regardless of their initial condi-
tions. His theory encouraged an interdiscipli-
nary approach to the creation and application 
of scientific knowledge (von Bertalanffy & Su-
therland, 1974; Zhang & Ahmed, 2020).

THE LINK BETWEEN ECOLOGY 
AND ECOSYSTEM
The concept of ecology was introduced in 

1866 by Ernst Haeckel to describe the scienti-
fic study of living beings and their interactions 
with the abiotic environment. This discipline 
emphasizes the interdependence between li-
ving organisms and inert elements, such as soil 
and climate, through the exchange, recycling, 
and transformation of matter and energy (Ca-
porali, 2021; Inogwabini, 2019; Skene, 2024).  
In 1935, Arthur Tansley coined the term 
ecosystem to define the basic unit of nature. 
This concept revolutionized ecology by em-
phasizing that biotic and abiotic components 
must be studied as an integrated system. Eu-
gene Odum later consolidated this vision by 
pointing out that these elements are inter-
connected and cannot be analyzed separa-
tely. Thus, an ecosystem is defined as an open 
system where living organisms and environ-
mental factors interact in a given space (Cook, 
2021; Lefroy, 2022; Yu et al., 2021).

THE AGROECOSYSTEM: 
CONCEPT AND COMPONENTS
An agroecosystem (AE) is a unit of analy-

sis in which natural and sociocultural ele-
ments interact within defined geographical 
boundaries. This open, h y system combines 
ecosystem processes with cultural and econo-
mic interactions, with the main objective of 
agricultural production. In its internal struc-
ture, biodiversity spaces, productive areas, 
and cultural aspects are connected, forming a 
complex and dynamic network (León-Sicard 
et al., 2018; Toro-Mujica et al., 2011) as shown 
in Figure 1. The agroecosystem is composed 

of three main subsystems: Human subsystem: 
Represents the central control of the system. It 
includes infrastructure, sociocultural practi-
ces, and decision-making related to agricultu-
ral management. This subsystem guides pro-
ductive activities and coordinates interaction 
with the environment. Productive subsystem: 
This is made up of the plant and animal spe-
cies that the human subsystem introduces for 
productive purposes. These species, known as 
agrobiodiversity or planned biodiversity, are 
deliberately selected to fulfill specific functions 
in the system. Semi-natural subsystem: This 
comprises the native biodiversity that persists 
in the environment. This associated biodiver-
sity performs essential ecological functions, 
such as recycling materials and transforming 
energy, and operates independently of human 
control. Together, these subsystems interact to 
maintain the ecological balance and sustaina-
bility of the agroecosystem, integrating bio-
logical, cultural, and economic elements in a 
dynamic context (Hatt & Döring, 2023; Liu et 
al., 2022; Perfecto & Vandermeer, 2008). 

TROPICAL ECOSYSTEMS AND 
AGROECOSYSTEMS
Tropical regions have been inhabited and 

used for agriculture for approximately 10,000 
years. Originally, tropical agroecosystems 
were characterized by agroecological practi-
ces that respected native biodiversity, inclu-
ding the integration of tree species. However, 
the arrival of imperial and colonial systems 
in the 17th and 18th centuries dramatically 
transformed tropical landscapes. Large are-
as of natural ecosystems were converted to 
monocultures for the export of agricultural 
products to temperate regions (Janzen, 1973). 
In the 20th century, the Green Revolution 
further intensified production in the tropi-
cs through the introduction of hybrid seeds, 
agrochemicals, and modern technologies. 
Today, tropical landscapes combine extensive 
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Figure 1. Schematic model of an agroecosystem as an integrated system (Source: own elaboration).
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areas of monoculture, medium- and small-s-
cale agroecosystems, and fragments of native 
ecosystems. These areas face ecological and 
economic challenges due to pressure to incre-
as l productivity without compromising bio-
diversity and ecosystem services (Perfecto & 
Vandermeer, 2008).

The tropics are the regions of the planet be-
tween the Tropic of Cancer and the Tropic of 
Capricorn, located at 23° 27’ north and sou-
th latitude, respectively (Gepts, 2008). These 
areas receive perpendicular sunlight throu-
ghout the year, concentrating a greater amou-
nt of thermal energy compared to temperate 
regions, where the sun’s rays strike obliquely. 
This constant exposure generates average tem-
peratures of 26°C, ranging from 23 to 35°C, 
and gives rise to a diversity of ecosystems 
ranging from rainforests to deserts and snow-
-capped mountains (Beck, 2019; Benbow & 
McIntosh, 2009; Roxburgh & Noble, 2001). 

Unlike temperate regions, the tropics are 
characterized by the absence of a cold season. 
Seasonal fluctuations in temperature and so-

lar radiation are minimal, significantly redu-
cing the influence of seasonality on biological 
activity (Osborne, 2012). According to Gepts 
(2008), different climatic and ecological pat-
terns occur in tropical and subtropical ecozo-
nes. The subtropics with winter rains, located 
between 30° and 40° latitude, have rainy win-
ters with precipitation between 300 and 800 
mm and dry summers. This ecozone, known 
as Mediterranean, is characterized by average 
monthly temperatures above 18°C for at le-
ast four months. Its vegetation includes tre-
es, shrubs, hemicryptophytes, geophytes, and 
therophytes, and its importance lies in its role 
as a global producer of fruits and vegetables. 
In contrast, the subtropics with year-round 
rainfall represent 4% of the land mass and are 
found in southeastern America, Africa, Asia, 
and Australia. These areas are characterized 
by average temperatures above 18 °C and re-
gular rainfall. The dry subtropics and tropics 
cover 21% of the Earth’s surface, located in 
high-pressure belts that generate arid ecosys-
tems with scarce rainfall.
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Due to the combination of climatic and ge-
ographical variations, the tropics are home to 
an exceptional diversity of flora and fauna. Al-
though humid forests are the most common 
ecosystems, these regions also include deserts, 
savannas, and mountain ecosystems, making 
them areas of high biodiversity and crucial 
importance for global ecological balance. The 
adjacent subtropical zones, although less cli-
matically consistent, function as transition 
areas to temperate ecosystems and share some 
characteristics with the tropics (Osborne, 
2012; Gepts, 2008).

Figure 2. Model of a typical tropical 
agroecosystem in Mexico located in the high 

mountains of the state of Veracruz. 

INTERACTION BETWEEN 
BIODIVERSITY AND 
AGRICULTURE IN THE TROPICS 
The tropics are home to approximately 

80% of the planet’s terrestrial species, con-
centrated especially in humid areas. Tropical 
rainforests stand out as the most biodiverse 
terrestrial ecosystem, harboring 66% of the 
250,000 plant species and 90% of the insect 
species estimated worldwide (Sánchez, 2019). 
This extraordinary biological diversity is lar-
gely attributed to the high specialization of 
tropical species, whose ecological interactions 
are more interconnected compared to other 
regions (Sheldon, 2019).

Six key regions have been identified as the 
main areas of origin of agriculture, including 
Mesoamerica, the Fertile Crescent (compri-
sing Mesopotamia, the Levant, Turkey, and 
western Iran), northern China, the Andes 
and surrounding areas in South America, 
the Sahelian and Sudanese savannas in Afri-
ca, and a large Asian region including India, 
Indochina, and New Guinea. These areas, 
predominantly located in tropical and subtro-
pical ecozones, were instrumental in the do-
mestication of crops thanks to their enormous 
biodiversity. The biological abundance of the-
se regions made it easier for early farmers to 
identify and domesticate plants adapted to di-
verse climatic and ecological conditions. Tro-
pical and subtropical regions were not only 
fundamental to the development of crops, but 
also to their expansion, contributing signifi-
cantly to the emergence of global agriculture 
(Gepts, 2008).

In tropical agroecosystems, the interaction 
between natural and productive elements is 
essential to ensure their sustainability. Native 
ecosystems provide key services such as polli-
nation, seed dispersal, and nutrient recycling. 
However, the advance of intensive agricultu-
ral systems has compromised these functions, 
particularly in areas where agricultural prac-
tices do not consider ecological resilience. In 
this context, approaches such as island theory 
have emphasized the importance of conser-
ving biodiversity in tropical landscapes to 
preserve ecosystem stability and functionality 
(Beck, 2019; Benbow & McIntosh, 2009). 

Tropical agroecosystems, due to the levels 
of humidity present and high temperatures, 
have a higher rate of decomposition. This 
makes nutrient recycling faster and longer 
during the year, as conditions are ideal. On 
the other hand, and thanks to high levels of 
rainfall, they have less fertile soils compared 
to soils in temperate regions. This occurs due 
to the leaching of nutrients that takes place 
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during rainy seasons, which is more pronoun-
ced in monsoon regions. For this reason, soil 
nutrient reserves are low and require greater 
replenishment, especially nitrogen (Brady & 
Weil, 2016; Robertson & Vitousek, 2009). 

TEMPERATE AGROECOSYSTEMS
The temperate regions of the planet are 

those located between the tropical and polar 
regions. A region can also be considered tem-
perate if it has at least one month of frost with 
an average temperature range between -3 and 
18 °C in the coldest month, and at least four 
months with an average temperature above 10 
°C. The types of climates found in these re-
gions differ in the northern zone, with boreal, 
continental, and oceanic climates, and in the 
southern zone, with subtropical and Mediter-
ranean climates. These regions have marked 
seasonal climates between the warmest and 
coldest months, with precipitation throu-
ghout the year. Therefore, there are crops that 
can only be produced in one season, and the 
quantity of these is lower than in tropical re-
gions (Nair et al., 2021; Silander, 2001).

Developed countries such as the United 
States, Canada, European countries, and New 
Zealand, which are located in temperate re-
gions, have influenced the organization and 
practices of temperate agroecosystems. Histo-
rically, small production units have been and 
continue to be the dominant agroecosystem 
in these regions. However, in the 20th cen-
tury, there has been an increase in large-scale 
family, communal, or corporate agroecosys-
tems, where a few high-value crops are produ-
ced with high levels of mechanization for sale 
in local or foreign markets (Nair et al., 2021). 

As indicated above, biodiversity in the tro-
pics is greater than in temperate zones (Figu-
re 3) and for this reason, in temperate zone 
agroecosystems, annual monoculture pro-
duction with a high level of mechanization 
is more common. One of the factors limiting 

biodiversity in these areas is the climatic con-
ditions, where there are distinct seasons and 
where winter is often accompanied by frost. 
This limits year-round production and only 
allows certain plant and animal species to be 
produced at certain times of the year. In ad-
dition, frost is a barrier to biodiversity and 
crops. This significantly affects the presence 
and pressure of pests in the system, as they 
may be less important because their cycle is 
interrupted in winter, but there may also be 
outbreaks with rapid development during 
productive seasons (Landis et al., 2000; Power, 
2010).

This also gives rise to agricultural practices 
such as crop rotation to incorporate nutrients 
into the soil and improve its quality. Another 
practice characteristic of temperate zones is 
cover crops during times of the year when 
crop production has ended. These crops serve 
to cover the soil and prevent erosion, improve 
soil fertility, and increase post-harvest biodi-
versity. Finally, flowers or other plant species 
can be added to increase the presence of bene-
ficial organisms, such as pollinators, as these 
also decline in winter (Landis et al., 2000; Ts-
charntke et al., 2012). 

Nutrient recycling in temperate agroe-
cosystems is slower than in tropical ones due 
to lower temperatures and lower rainfall. On 
the other hand, nutrient reserves and the 
amount of organic matter in temperate soils 
are greater, as rain does not leach the soils. As 
for the availability of these nutrients, they may 
not always be available due to frosts and may 
only be available until spring, which is part of 
the seasonality and climate of temperate zones 
(Brady &amp; Weil, 2016; Robertson &amp; 
Vitousek, 2009).
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Figure 3. Schematic representation of the differences between tropical agroecosystems and temperate 
agroecosystems. 

LIMITS OF AGROECOSYSTEMS
A systemic approach allows us to accept 

that agroecosystems are not static: their bou-
ndaries are dynamic and change according to 
internal pressures, such as the intensification 
of agriculture, and external factors, such as 
climate change and globalization. For exam-
ple, in tropical agroecosystems, boundaries 
are determined by the fragility of their soils 
and the high pressure on their biodiversity. 
In contrast, temperate agroecosystems must 
adapt to marked seasonal cycles and growing 
technological demands. From this perspecti-
ve, understanding the limits of an agroecosys-
tem involves studying how subsystems (such 
as soil, water, plants, and human communi-
ties) interact to maintain the harmony of the 
system (Kemanian et al., 2024).

To ensure sustainability, it is necessary to 
respect certain natural boundaries and, con-
sequently, impose certain limits. Two key 
indicators that translate sustainability into a 
graphical and measurable format are the “eco-
logical footprint” and “planetary boundaries.” 
Planetary boundaries represent a comprehen-
sive and simple tool for assessing the health of 
our planet. In this context, four processes (cli-
mate change, biochemical flows, Earth system 
change, and biosphere integrity) have already 
exceeded thresholds that can lead to dange-

rous levels of instability in the Earth system 
and increased risk to humans (Pinto, 2019).

Carrying capacity is often used as a concept 
to justify natural resource management, but 
it also serves as the basis for neo-Malthusian 
arguments related to the availability of global 
resources versus population growth (Sayre, 
2008). In tropical agroecological ecosystems, 
high biological diversity favors ecosystem 
services such as pollination and biological 
pest control. However, when this diversity is 
degraded, the system becomes vulnerable to 
pests and diseases (Salinas et al., 2024).

Resilience is not only an ecological prin-
ciple, but also a comprehensive approach to 
transforming and improving ecosystems and 
the social organizations that manage them. 
This concept is key to understanding the limits 
of agroecosystems, as it assesses their ability 
to absorb disturbances, adapt, and transform 
without losing functionality or essential struc-
ture. In this sense, resilience and sustainability 
are complementary concepts that describe the 
“preferred state” of ecosystems modified by 
human activity. When resilience declines, the 
agroecosystem comes dangerously close to its 
functional limits, requiring the implementa-
tion of specific indicators and corrective mea-
sures to restore balance (Cañizares et al., 2021; 
Rocha et al., 2020).
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The limits of an agroecosystem result from 
a combination of ecological, social, and eco-
nomic factors. These limits define the extent 
to which an agroecosystem can remain func-
tional, resilient, and sustainable in the face of 
external pressures. 

SUSTAINABILITY AND 
SUSTAINABILITY: 
KEY PRACTICES IN 
AGROECOSYSTEMS
Sustainability and sustainability are key 

concepts in the development of agricultu-
ral systems that seek to balance productivity 
with the conservation of the natural and so-
cial environment. Sustainability, derived from 
the verb “to sustain,” implies the ability of a 
system, whether natural or human, to remain 
operational over time without depleting the 
resources necessary for future generations. 
This concept emphasizes continuous support 
within the natural limits of the system. In con-
trast, sustainability, derived from the verb “to 
sustain,” has a broader scope, focusing on the 
integration and balance of ecological, social, 
and economic systems, promoting their per-
manence and gradual improvement (Yu et al., 
2022; Rodríguez-Jiménez et al. 2020).

From an ecological point of view, sustai-
nability seeks to conserve natural systems 
and essential resources such as soil, water, 
and biodiversity. In the economic sphere, the 
financial viability of activities is prioritized, 
while in the social sphere, the participation 
and inclusion of local communities is encou-
raged (Balvanera et al., 2017). On the other 
hand, sustainability not only prevents the de-
gradation of resources, but also incorporates 
innovative technologies, fosters resilience to 
climate change, and promotes harmonious 
development through community coopera-
tion (Rodríguez-Jiménez et al., 2020).

In the context of agroecosystems, sustai-
nability translates into practices such as crop 
rotation to maintain soil fertility, responsible 
water management, and biodiversity conser-
vation. For example, a sustainable agroecosys-
tem is characterized by production methods 
that do not deplete water resources or contri-
bute to soil degradation. These practices allow 
the system to be productive and stable over 
time (Vikas & Ranjan, 2024).

Sustainability in agroecosystems adds a 
more integrative perspective. The aim is not 
only to prevent degradation, but also to fos-
ter resilience to climate change and promo-
te social equity. This includes incorporating 
innovative technologies and strengthening 
community participation to achieve harmo-
nious and balanced development. A sustai-
nable agroecosystem, therefore, not only en-
sures ecological viability, but also addresses 
economic and social needs, ensuring a holistic 
approach to agricultural development (Yadav 
et al., 2021).

Agroecology, as a theoretical and practi-
cal framework, integrates these concepts by 
applying ecological principles to agriculture 
(Figure 4). It promotes biodiversity, crop rota-
tion, soil health, and natural pest control, whi-
le valuing agroforestry and local knowledge 
(Vikas & Ranjan, 2024). In addition, it focuses 
on essential ecosystem services, such as main-
taining soil fertility, adequate biogeochemical 
cycles, and efficient nutrient exchange betwe-
en crops and the soil ecosystem. Through an 
integrated approach that combines diversi-
fied crops and livestock practices, agroecolo-
gy addresses issues such as food security and 
the climate crisis, helping to build resilient 
and sustainable agroecosystems (Yadav et al., 
2021).
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Figure 4. Network of interconnections between various sustainable agriculture practices

CONCLUSIONS
Agroecosystems, in both tropical and tem-

perate regions, are understood as complex 
systems that integrate biological, cultural, 
and economic elements within a given space. 
The interaction between these subsystems de-
termines the agroecosystem’s ability to adapt 
and maintain balance in the face of external 
pressures, such as climate change and agri-
cultural intensification. While tropical agro-
ecosystems are notable for their biological 
diversity and the interdependence between 
their natural and productive elements, tem-
perate agroecosystems face limitations related 
to seasonality and pressure on biodiversity, 
which requires the implementation of prac-

tices such as crop rotation and soil fertility 
conservation. The resilience and sustainability 
of agroecosystems depend on a comprehensi-
ve approach that considers the interactions 
between subsystems and the natural limits 
of each region. It is crucial that agricultural 
practices respect these limits and promote the 
conservation of biodiversity and ecosystem 
services, such as pollination and biological 
pest control, to ensure that agroecosystems 
remain functional and sustainable in the long 
term. Ultimately, sustainability and resilience 
in agroecosystems depend not only on pro-
ductivity, but also on their ability to adapt and 
remain balanced in the face of global changes 
and challenges.



10
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI https://doi.org/10.22533/at.ed.9735125070111

REFERENCES
Balvanera, P., Astier, M., Gurri, F. D. & Zermeño-Hernández, I. (2017). Resiliencia, vulnerabilidad y sustentabilidad de sistemas 
socioecológicos en México. Revista Mexicana de Biodiversidad, 88, 141–149. https://doi.org/10.1016/j.rmb.2017.10.005

Beck, H. (2019). Tropical Ecology. En B. Fath (Ed.), Encyclopedia of Ecology (2a ed., Vol. 2, pp. 671–678). Elsevier. https://doi.
org/10.1016/B978-0-12-409548-9.11002-4

Benbow, M. E. & McIntosh, M. D. (2009). Benthic Invertebrate Fauna, Tropical Stream Ecosystems. En G. Likens (Ed.), 
Encyclopedia of Inland Waters (pp. 216–231). Elsevier. https://doi.org/10.1016/B978-012370626-3.00164-2

Cabell, J. F., & Oelofse, M. (2012). An Indicator Framework for Assessing Agroecosystem Resilience. Ecology and Society, 17(1). 
http://www.jstor.org/stable/26269017

Caporali, F. (2021). Ethics and sustainable agriculture: Bridging the ecological gaps. En Ethics and Sustainable Agriculture: 
Bridging the Ecological Gaps (pp. 1–267). Springer International Publishing. https://doi.org/10.1007/978-3-030-76683-2

Carr-Chellman, D. J. & Carr-Chellman, A. (2020). Integrating Systems: the History of Systems from von Bertalanffy to Profound 
Learning. TechTrends, 64(5), 704–709. https://doi.org/10.1007/s11528-020-00540-1

Cook, B. (2021). Odum’s dark bottle and an ecosystem approach. Research in Urbanism Series, 7, 177–201. https://doi.
org/10.47982/rius.7.133

Hatt, S. & Döring, T. F. (2023). Designing pest suppressive agroecosystems: Principles for an integrative diversification science. 
En Journal of Cleaner Production (Vol. 432). Elsevier Ltd. https://doi.org/10.1016/j.jclepro.2023.139701

Inogwabini, B.-I. (2019). Ecology and Sustainable Development. En Encyclopedia of Sustainability in Higher Education (pp. 
1–7). Springer International Publishing. https://doi.org/10.1007/978-3-319-63951-2_422-1

Janzen, D. H. (1973). Tropical Agroecosystems. Science, 182(4118), 1212–1219. https://doi.org/10.1126/science.182.4118.1212

Kemanian, A. R., Shi, Y., White, C. M., Montes, F., Stöckle, C. O., Huggins, D. R., Laura Cangiano, M., Stefani-Faé, G. & Nydegger 
Rozum, R. K. (2024). The Cycles agroecosystem model: Fundamentals, testing, and applications. Computers and Electronics in 
Agriculture, 227, 109510. https://doi.org/10.1016/j.compag.2024.109510

Lefroy, T. (2022). Supersites and superorganisms: recurring themes in 85 years of ecosystem science. 58–64. https://doi.
org/10.14264/a4c9918

León-Sicard, T. E., Calderón, J. T., Martínez-Bernal, L. F. & Cleves-Leguízamo, J. A. (2018). The Main Agroecological Structure 
(MAS) of the agroecosystems: Concept, methodology and applications. Sustainability (Switzerland), 10(9). https://doi.
org/10.3390/su10093131

Liu, Q., Sun, X., Wu, W., Liu, Z., Fang, G. & Yang, P. (2022). Agroecosystem services: A review of concepts, indicators, assessment 
methods and future research perspectives. En Ecological Indicators (Vol. 142). Elsevier B.V. https://doi.org/10.1016/j.
ecolind.2022.109218

Nair, P. K. R., Kumar, B. M. & Nair, V. D. (2021). Global Distribution of Agroforestry Systems. En An Introduction to Agroforestry 
(pp. 45–58). Springer International Publishing. https://doi.org/10.1007/978-3-030-75358-0_4

Ollerton, J. (2012). Biogeography: Are Tropical Species Less Specialised? Current Biology. https://doi.org/https://doi.
org/10.1016/j.cub.2012.09.023

Osborne, P. (2012). The tropical environment and climate. En Tropical Ecosystems and Ecological Concepts (págs. 1–25).https://
doi.org/doi:10.1017/cbo9781139057868.002 

https://doi.org/10.1016/j.rmb.2017.10.005
http://www.jstor.org/stable/26269017
https://doi.org/10.1016/j.compag.2024.109510
https://doi.org/https://doi.org/10.1016/j.cub.2012.09.023
https://doi.org/https://doi.org/10.1016/j.cub.2012.09.023


11
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI https://doi.org/10.22533/at.ed.9735125070111

Perfecto, I. & Vandermeer, J. (2008). Biodiversity Conservation in Tropical Agroecosystems. Annals of the New York Academy 
of Sciences, 1134(1), 173–200. https://doi.org/10.1196/annals.1439.011

Pinto, J. (2019). Freedom and ecological limits. Critical Review of International Social and Political Philosophy, 1–17. doi:10.10
80/13698230.2019.1698147 10.1080/13698230.2019.1698147

Rodríguez Jiménez, S. L., Rondón Castillo, A. J., Fuentes Alfonso, L. & Jardines González, S. B. (2020). La sostenibilidad 
agroecológica en la formación de los ingenieros agrónomos. Aportes para una educación ambiental. Revista Iberoamericana 
Ambiente & Sustentabilidad, 42–50. https://doi.org/10.46380/rias.v3i1.73 

Roxburgh, S. & Noble, I. (2001). Terrestrial Ecosystems. En S. Levin (Ed.), Encyclopedia of Biodiversity (pp. 637–646). Elsevier. 
https://doi.org/10.1016/B0-12-226865-2/00269-8

Salinas, Z. A., Babini, M. S., Bionda, C. de L., Martino, A. L. & Lajmanovich, C. R. (2024). Agroecosystems under conventional 
and organic management: hematological analysis of anuran for environmental health assessment. Environmental Advances, 15. 
https://doi.org/10.1016/j.envadv.2024.100508

Sayre, N. F. (2008). The Genesis, History, and Limits of Carrying Capacity. Annals of the Association of American Geographers, 
98(1), 120–134. https://doi.org/10.1080/00045600701734356

Sheldon, K. S. (2019). Climate Change in the Tropics: Ecological and Evolutionary Responses at Low Latitudes. Annual Review 
of Ecology, Evolution, and Systematics, 50(1). doi:10.1146/annurev-ecolsys-110218-025005 

Silander, J. A. (2001). Temperate Forests. Encyclopedia of Biodiversity: Second Edition, 112–127. https://doi.org/10.1016/B978-
0-12-384719-5.00142-8

Skene, K. R. (2024). Systems theory, thermodynamics and life: Integrated thinking across ecology, organization and biological 
evolution. BioSystems, 236. https://doi.org/10.1016/j.biosystems.2024.105123

Toro-Mujica, P., García, A., Gómez-Castro, A. G., Acero, R., Perea, J. & Rodríguez-Estévez, V. (2011). Sustentabilidad de 
agroecosistemas. Archivos de Zootecnia, 60(232), 15–39. https://doi.org/10.21071/az.v60i232.4914

Vikas & Ranjan,R (2024) Agroecological approaches to sustainable development. Front. Sustain. Food Syst. 8:1405409. doi: 
10.3389/fsufs.2024.140540

von Bertalanffy, L. & Sutherland, J. W. (1974). General Systems Theory: Foundations, Developments, Applications: Vol. SMC-4. 
https://doi.org/10.1109/TSMC.1974.4309376

Walker, J. (2020). More Heat than Life: The Tangled Roots of Ecology, Energy, and Economics. En More Heat than Life: The 
Tangled Roots of Ecology, Energy, and Economics. Springer Singapore. https://doi.org/10.1007/978-981-15-3936-7

Yadav, S.K.  et al.  (2021). Agroecology Towards Environmental Sustainability. In: Jhariya, M.K., Banerjee, A., Meena, R.S., 
Kumar, S., Raj, A. (eds) Sustainable Intensification for Agroecosystem Services and Management . Springer, Singapore. https://
doi.org/10.1007/978-981-16-3207-5_10

Yu, G., Piao, S., Zhang, Y., Liu, L., Peng, J. & Niu, S. (2021). Moving toward a new era of ecosystem science. En Geography and 
Sustainability (Vol. 2, Número 3, pp. 151–162). Beijing Normal University Press. https://doi.org/10.1016/j.geosus.2021.06.004

Yu, R. P., Yang, H., Xing, Y., Zhang, W. P., Lambers, H. & Li, L. (2022). Belowground processes and sustainability in agroecosystems 
with intercropping. En Plant and Soil (Vol. 476, Números 1–2, pp. 263–288). Springer Science and Business Media Deutschland 
GmbH. https://doi.org/10.1007/s11104-022-05487-1

Zhang, B. H. & Ahmed, S. A. M. (2020). Systems Thinking—Ludwig Von Bertalanffy, Peter Senge, and Donella Meadows. En 
Science Education in Theory and Practice (pp. 419–436). https://doi.org/10.1007/978-3-030-43620-9_28

https://doi.org/10.46380/rias.v3i1.73
https://doi.org/10.1016/j.envadv.2024.100508
https://doi.org/10.1007/978-981-16-3207-5_10
https://doi.org/10.1007/978-981-16-3207-5_10
https://doi.org/10.1007/s11104-022-05487-1
https://doi.org/10.1007/978-3-030-43620-9_28

