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Summary

Functional biodiversity is a determining factor in the agroecological transformation towards
sustainable food systems. The agroecological design and management of productive,
associated and auxiliary biodiversity accumulates agroecological self-regulation capacities

from the primary production process to food ingestion.
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Introduction

Agroecosystems face new challenges in the context of a growing
and increasingly interconnected human population, and a paradigm
shift is needed to successfully address the many complex questions
these challenges will raise.!

The nutrient composition of plants, which are consumed by
animals and humans, are determined by the nutrient and microbial
composition of the soil in which they grow. The health of animals
and plants then determines the health of an ecosystem as a whole.
Without taking these connections into account, industrial agricultural
practices have altered the chemical and microbial composition of soils
and the quality and availability of water, having a direct influence on
ecosystem health and nutrient availability.?

Although in the past a good part of biodiversity conservation
initiatives were based almost exclusively on its intrinsic values or
ethical criteria, in recent years more pragmatic arguments have
begun to gain strength, which take into account the contribution of
biodiversity to the quality of life and well-being of human societies.’

The conservation of biodiversity and the generation of ecosystem
services constitute strategies that are promoted and executed by the
institutions that manage ecological systems, which is also being
assumed by the governance of socioeconomic systems; however,
it is evident that a more integrated vision is required at the scale of
agricultural and urban landscapes, due to the pressure that development
exerts on anthropogenic self-extinction.*

By the way, in the future, foods will not only allow optimal
growth and development from pregnancy and in all stages of life,
but they will also be able to enhance physical and mental capacities,
in addition to reducing the risk of suffering from diseases,’ because
billions of microorganisms inhabit the human body and influence its
development, physiology, immunity and nutrition.®

The concept of a nutrient as any assimilable substance contained
in food, which allows the body to obtain energy, build and repair
tissues and regulate metabolic processes, has passed to that of
an immunonutrient, which is a substance that, unlike a nutrient
conventional, is capable of enhancing the immune system.”

The importance of nutrient diversity for human well-being requires
dietary diversification. However, the quality of nutritional supply and
human health is at risk due to biodiversity losses. The benefits of

biodiversity affect all socio-ecological systems along the food value
chain, from agricultural activities, food processing and consumption
patterns to nutrition and health status. There is a call for systemic
approaches to capture the dynamic processes between and within food
system activities, nutrition and health, and the environment.?

In fact, the redesign of agroecosystems under the principles of
Agroecology facilitates the functional interactions of biodiversity that
contribute to its capacity for ecological self-regulation and that of the
intestinal ecosystem of the people who consume said foods.’

The transition towards sustainable food is a process of
transformation of agroecosystems, with a predominance of the
design and management of biodiversity, with the purpose of
facilitating functional interactions that contribute to agroecological
self-regulation, from primary production to the ingestion of food by
people, an aspect that is valued in this article.

Functional biodiversity in agroecosystems: Agricultural
biodiversity, or agrobiodiversity, is the subcomponent of biodiversity
that refers to the biological variety and variability of living organisms
that are involved in agriculture and food.!*!!

Biodiversity, described in terms of number, abundance,
composition and spatial distribution of its entities (genotypes, species,
or communities), functional characters, as well as the interactions
between its components,'? is of great importance for the functioning,
maintenance and stability of ecosystems.!

The need to approach the study of biodiversity from a more
systemic perspective led to the emergence of the concept of functional
diversity,'* which has been gaining more and more popularity among
the scientific community, given its close links with ecological
processes. Therefore, attention is currently turned towards a more
functional approach, which tries to establish causal relationships
between the characteristics of the organisms present and the processes
and services of the ecosystems.'?

This conceptual evolution that is happening on functional
biodiversity, expressed as the variety of interactions with ecological
processes at different spatio-temporal scales, the range and value of
the characteristics of organisms that influence ecological functioning
and the relative abundance of characters as key component; that is,
the type, range and relative abundance of the functional characters
present in a community.'*
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In agroecosystems, agrodiversity is the different ways in which
farmers use natural diversity in the production system, which includes
not only semi-domesticated crops, but also water, biota and soil;"
also, the result of interactions with biotic and abiotic environmental
factors and management practices in agricultural systems.'®

There are two types of biodiversity components in agroecosystems:
“planned or productive biodiversity”, which includes the crops and
animals introduced by the farmer, which will vary according to the
management and crop arrangements, and “associated biodiversity”,
which includes the soil flora and fauna, herbivores, decomposers
and predators that colonize the agroecosystem from the surrounding
environments, and that will remain in said agroecosystem depending
on the type of management adopted. Planned biodiversity has a direct
function with the functioning of the ecosystem, and the associated
biodiversity also has a function, but through planned biodiversity. In
this way, planned biodiversity has an indirect function that is carried
out through its influence on the associated biodiversity."’

A third functional component is “auxiliary biodiversity” (living
barriers and fences, groves, semi-natural environments), which are
structures of uncultivated vegetation, which grow spontaneously or
are encouraged and perform various functions in their interactions
with the productive and associated biota.' Auxiliary vegetation
structures (EVA) are designs composed of one or more species of tree,
shrub or herbaceous plants, which are planted or grow spontaneously
and facilitate certain ecological and socioeconomic functions.*

The interrelationships between multiple species of plants and
animals, along with natural processes, work to co-create our natural
world. They provide clean air and water, rejuvenate soil fertility,
create niches for multiple species, and provide a wide variety of
food and genetic resources, functions that make healthy ecosystems
resilient to sudden climate changes, natural disasters, or disease
outbreaks; processes that have a direct and tangible link with human
health, since there is an intimate connection between soil biodiversity,
microorganisms, plants and their seeds, wild and crop varieties and
species, animals and the biodiversity of our diet and intestine.?

As an extension of ecosystem functioning, was proposed that,
given the primary goal of agroecosystems to produce food for human
nutrition and health, the nutritional functions of agroecosystems
should be measured along with their ecological counterparts. Although
their study proposed an indicator of nutritional function (nutritional
functional diversity), a broad set of nutritional functions has rarely
been considered in assessments of agroecosystem performance and
resilience, nor have nutritional functions been explicitly linked to
underlying ecological functions."

Design and agroecological management of biodiversity: Because
agroecosystems are dynamic and subject to different types of
management, crop arrangements in time and space are continually
changing, according to biological, socioeconomic and environmental
factors, variations in the landscape that determine the degree of
characteristic heterogeneity of each agricultural region, which in turn
conditions the type of biodiversity present.?’

That is, agroecology emerges as a discipline that provides
basic ecological principles on how to study, design and manage
agroecosystems that are productive and at the same time conservative
of natural resources and that, in addition, are culturally sensitive and
socioeconomically viable.?!

Property redesign attempts to transform the structure and function
of the agroecosystem by promoting diversified systems that optimize
key processes, since, research has shown that: (1) greater diversity in
the agricultural system leads to greater associated biota diversity; (2)
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biodiversity ensures better pollination and greater regulation of pests,
diseases and weeds; (3) biodiversity improves nutrient and energy
recycling; (4) complex and multispecific systems tend to have higher
total productivity.?

In the design and management of production systems, it must be
considered that, in their spatial and temporal structure, several main
levels are favored in the functional interactions between crops and the
rest of the vegetation. That is, a first level of interactions is achieved in
the design and management of cultivated fields (including livestock and
forestry), with associations, intercropping and crop rotations, among
others; A second level of interactions can be achieved when crops are
connected to living fences, groves and semi-natural environments
through living barriers, which together constitute ecological corridors
of biodiversity on farms;* that is, expressed, polycultures are systems
in which two or more crops are established simultaneously and close
enough together for interspecific competition or complementarity to
occur."”

For example, a study of 24 designs of multiple cropping systems
(MCS) in different agricultural regions of Cuba, determined that
the types of designs that predominated in the systems studied were
herbaceous polycultures (75%), followed by tree polycultures,
herbaceous and polyfruit trees with 12.5% each. The highest
Functional Coefficient (FC) in the ecological self-regulation of insect
pests was achieved by the design that integrates cassava-corn-beans
(FC=0.87), followed by the sweet potato-corn and cassava-corn
designs (FC=0 .77), bananas-cassava (FC=0.73), beans-corn, banana-
beans-corn (FC=0.70) and avocado-mamey-coffee (FC=0.67). The
designs that integrated corn, plantain or banana and fruit trees were
grouped into different conglomerates and preliminarily proposed
these crops as Functional Types of Productive Plants.*

Multifunctions of agroecological self-regulation: With functional
biodiversity it is possible to initiate synergisms that contribute to
favoring processes in agroecosystems, by offering ecological services
such as the activation of soil biology, nutrient cycling, the promotion
of arthropods and beneficial antagonists,”?® providing a new way of
evaluating biodiversity in agroecosystems, by considering the species,
the designs and management carried out, in contrast to the classic
indicators that only include the species and their population, which It
allows us to have more complex information that brings us closer to
the evaluation of ecosystem functions, properties and services from
multiple dimensions.”’

Traditionally, agricultural systems and their diets have co-evolved
over millennia in local ecological contexts, forming specific situated
knowledges and deep stewardship relationships between farmers and
the land. This is the interconnected network of biodiversity, where
each factor equally constitutes the other. Health is a continuum
from the earth to our bodies, dictated by the interconnection and
interrelationship between humans, nature’s biodiversity and its
systems. The interrelationship between human health and nutrition
is determined by the connection pathways between soil health, plant
health, animal health and, therefore, human health.?

A systemic analysis of the contribution of agroecological practices
(designs and management) allows us to understand that each practice
facilitates various functions of biodiversity and that, as a whole,
these achieve multifunctions that are determinants in the capacities
of ecological self-regulation (Table 1). Observe that the greatest
contribution is achieved with the integration of designs of multiple
cropping systems, followed by integrating designs for livestock
silvopasture, the diversity and seasonality of harvested products,
redesign of the structure of the production system, among others that
imply transformational changes.
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Table | Contribution of agroecological designs and management to the functions of biodiversity. Construction based on studies carried out in cuban

agroecosystems*? 82324

Functions of biodiversity"
d e f g h i

Agroecological designs and management b
a

Have supply sources and water storage capacity

|

2 Integrate renewable energy sources

3 Carry out soil conservation work

4 Replace agrochemicals with bioproducts

5 Reuse agricultural and livestock waste

6 Synergies in the incorporation of organic fertilizers into
the soil

7 Self-manage agricultural and livestock reproductive
material

8 Self-manage bioinputs for crop nutrition and health

9 Self-manage food for animals

10 Self-sufficiency in food for the family
Integration of agricultural, livestock and forestry items in
the production system

12 Diversity and seasonality of productions
Recover and integrate traditional species, varieties and

13
races

14 Carry out crop sequence and rotation with functional
design

15 Integrate functional designs of multi-cropping systems

16 Integrate functional designs for livestock silvopasture
17 Functional redesign of the production system structure

Integrate functional designs of auxiliary vegetation
structures

Carry out agroecological management of organisms
harmful to plants and animals

20 Establish biosecurity measures for crops, animals and
people

21 Add value to fresh products

22 Privilege short marketing circuits

23 Prioritize equity in employment

(*) Functions of biodiversity: a-Recovery of populations and activity
of pollinators, natural enemies of harmful organisms, epiphytic,
rhizospheric and soil biota; b-No presence of chemical residues,
toxins and human pathogens in fresh products; c-Increased moisture
retention in the system; d-Reduction and optimization of water use;
e-Increased self-regulation of the microclimate; f-Recovery of soil
properties; g-Increased ground cover; h-Increased ecological self-
regulation capacity of harmful organisms; i-Increase in economic
circularity; j-Increase in the productive efficiency of the system;
k-Increase in the productive stability of the system; l-Improvement
of energy efficiency; m-Improvement of economic -efficiency;
n-Contribution to the offer of nutritious products; o-Contribution to
the recovery of traditional diets; p-Contribution to the enrichment
of the human microbiome; g-Increased resilience to extreme events;
r-Contribution to the one health approach.

The effects of agroecological transformation are cumulative
over time. For agroecological self-regulation capacities to be
expressed in systems, the realization of a coherent and systematic
process is required regarding the reduction of degrading practices
(agrochemicals, excess mechanization, single cultivation, bare soil,
others) and the progressive integration of agroecological practices
(designs and management), so that the selection pressure of resistant
populations of the biota associated with negative functions (harmful
organisms) is reduced and the biota associated with positive functions

(decomposers of organic matter, pollinators, natural enemies of
harmful organisms, rhizospheric and epiphytic microbiota, plant,
animal and human microbiome) is regenerated.

Of course, the agroecological transition towards sustainable
agroecosystems has an initial period of “incremental innovation”,
which begins with the substitution of inputs (products for bioproducts,
national varieties for regional ones), the adjustment of production
technologies (high for low dependence on fossil energy and integration
of renewable energy), among other practices.

While, “transformative innovations” are those that consolidate
sustainability, mainly due to changes in: the knowledge and
innovation management system; the redesign of the production system
(complex matrix) and the cultivation systems (polyculture), livestock
(silvopasture) and forestry (agroforestry, polyfruit); the effective
articulation of the post-production system (processing, collection,
transportation, marketing, others) and the change in the population’s
attitude towards food (safety, traditional diets, immunonutrition,
among others).

Regarding the enrichment function of the human microbiome, the
intestinal ecosystem is a complex environment in which dynamic and
reciprocal interactions occur between the epithelium, the immune
system and the local microbiota.?® Likewise, the concept of a nutrient
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as any assimilable substance contained in food, which allows the
body to obtain energy, build and repair tissues and regulate metabolic
processes, has been changed to that of an immunonutrient, which is a
substance that, unlike a nutrient conventional, is capable of improving
the immune system.’

The benefits of agroecological approaches on food security and
nutrition have been reported in a variety of studies.*** However, the
results of the true impact of agroecology on nutrition and diet have
not yet been fully understood.?**' In particular, the multiple pathways
through which agroecological methods can impact nutrition and the
food system, both from consumer demand and aspects of food supply,
deserve further investigation.’>%

Conclusion

The study of biodiversity is traditional, due to its importance in the
socioeconomic life of planet Earth, which is why there is extensive
documentation, which has also been evidenced in agroecosystems.
Although, scientific research is not yet systemic enough to identify
and characterize the interactions of the biota that cohabits the
food system and the functions that are achieved, from the primary
production process to the eating food.
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