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Abstract

Biodiversity plays an essential role in vegetable agroecosystems, providing multiple benefits for soil health, natural
pest control, and climate change adaptation. This article examines the role of biodiversity in vegetable cultivation
and the impact of diversified agricultural practices on the sustainability and health of agroecosystems. The research
methods were represented by: studying specialized and scientific literature, structuring the references on the topics
of interest, critical evaluation of the ideas belonging to different authors, exposing our own ideas and drawing the
main conclusions on the role played by biodiversity in vegetable culture in the sustainability of agroecosystems.
The study shows that diversifying vegetable crops through species rotation, intercropping, the use of cover crops,
and applying organic mulch is essential for maintaining biodiversity in agroecosystems. These methods contribute
to soil health, reduce the need for chemical inputs, and enhance ecological stability. Thus, they represent effective
solutions for promoting sustainable agriculture and a healthier, more balanced agricultural environment, offering a
solid foundation for resilient and adaptable agriculture.
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INTRODUCTION adapt more easily to climate variability. For

example, cover crops and intercropped crops

The intensification of modern agriculture has
led to the adoption of monoculture practices,
which has increased the risk of biodiversity
loss and affected the stability of
agroecosystems [4]. Biodiversity, especially
in vegetable cultivation, plays a fundamental
role in supporting soil health, attracting
natural pest predators, and maintaining a
stable ecological balance. Various vegetable
species and the use of ecological practices,
such as crop rotation and intercropping,
contribute to biodiversity conservation and
provide a foundation for the development of
sustainable agriculture [3], [13].

Plant diversity in vegetable agroecosystems
contributes to adaptation and resilience to
climate variations. Agricultural systems with a
high diversity of species can respond better to
climate stress, such as drought or extreme
temperatures, through ecological mechanisms
that help maintain soil moisture and
productivity [18], [85]. The study by [61]
showed that crop diversification can enhance
agroecosystem resilience, allowing them to

help maintain lower soil surface temperatures,
reduce moisture loss, and protect crops from
extreme temperatures. In the long term,
implementing diversification practices in
vegetable cultivation could reduce
dependence on synthetic pesticides and
fertilizers, thereby contributing to increased
ecological and food security [61].

Vegetable species play an essential role in
maintaining and enhancing the biodiversity of
agroecosystems. They contribute to soil
health, natural pest control, and support
balanced ecosystems through  complex
nutrient cycles and beneficial interactions
with microorganisms and local fauna. The
diversity of vegetable species includes not
only traditional varieties but also legumes,
cover crops, and crops with increased genetic
resistance, all of which contribute to a
sustainable agricultural system.

Biodiversity in  agroecosystems  helps
conserve water and prevent soil erosion by
providing permanent ground cover and
improving soil structure.
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Cover crops and intercropped plants help
safeguard soil from wind and water erosion,
enhancing water retention and minimizing
nutrient loss through runoff.

[20] study demonstrated that cover crops like
clover and mustard effectively mitigate soil

erosion and enhance water retention,
promoting long-term soil fertility and
stability.

Another study, conducted by [58], highlights
the benefits of biodiversity in reducing soil
erosion and conserving water, showing that
better-structured soil has a greater capacity for
water infiltration, thus preventing soil
degradation and preserving water resources.
Aromatic and medicinal plants, such as
rosemary  (Rosmarinus officinalis)  and
lavender (Lavandula spp.), are particularly
valuable for attracting natural predators and
pollinators, thereby contributing to pest
control and improving vegetable productivity.
These plants have a high content of essential
oils that deter many harmful species while
attracting beneficial insects, such as bees and
parasitic wasps. According to the research by
[92], adding aromatic plants to vegetable
crops increases faunal biodiversity and may
help reduce the need for pesticides.

A study by [67] showed that the use of
organic mulch in vegetable cultivation
supports a greater diversity of beneficial soil
organisms, such as bacteria and fungi.
Organic mulch also contributes to stabilizing
nutrient levels and improving soil health, thus
facilitating long-term productivity.

The purpose of this paper is to examines the
role of biodiversity in vegetable cultivation
and the impact of diversified agricultural
practices on the sustainability and health of
agroecosystems.

MATERIALS AND METHODS

Information sources were represented by
specialized and scientific publications on
innovative technologies, reports, projects and
studies at both national and international
levels were consulted.

The studied literature was structured based on
the topics of interest and the authors' ideas
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have  been evaluated and
commented.

The content of this research work includes the
results of the bibliographic analysis focused
on specific vegetable farming practices, such
as crop rotation, the use of cover crops and the
application of organic mulch, with the aim of
synthesizing best practices and their impact on

sustainability.

critically

RESULTS AND DISCUSSIONS
Legumes and their contribution to
biodiversity conservation

The production of legumes provides
numerous ecosystem services, facilitating land
use diversification and supporting biodiversity
in agroecosystems due to their ability to fix
atmospheric nitrogen in the soil.

In the European Union, protein crops occupy only
1.5% of arable land, compared to 14.5% globally
[101]. A relatively small percentage of peas
(Pisum sativum L.) (11-15%) and fava beans
(Vicia faba L.) (9-14%) cultivated in Europe
are designated for human consumption, with
the majority being allocated for animal feed, a
less efficient method of protein production for
human diets [17]. In Northern Europe, peas
(Pisum sativum L.) and fava beans (Vicia faba
L.) have long been integral crops in
agricultural practices [94]. Protein-rich crops
such as fava beans (Vicia faba L.), peas
(Pisum sativum L.), chickpeas (Cicer
arietinum L.), lupins (Lupinus albus L.), and
soybeans (Glycine max L.) possess the unique
ability to fix atmospheric nitrogen, making
them essential for low-input farming systems
that aim to lower greenhouse gas emissions
[60].

These crops can provide significant amounts
of nitrogen to subsequent crops in the
rotation, reducing the need for mineral
fertilizers [101]. In addition, they improve soil
health and support crop protection [51]. Other
studies have shown that adding legumes to
cereal rotations has positive effects on cereal
yields and gross margins, compared to
monocultures [102].

[71] demonstrate that intercropping maize
(Zea mays L.) with legumes increases N
uptake.  Additionally, nitrogen fixation
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provides  significant  residual  benefits,
enhancing the productivity of subsequent
maize crops [1].

Recently, legume crops have gained
importance due to rising prices for animal
feed and food proteins, fertilizers and fuel, in
addition to sustainability concerns. The
impact of introducing legume (Vicia faba L.)
into dominant cereal crop production systems,

typical of southwestern Finland, was
investigated by [98].
Traditional varieties and indigenous

species of vegetables

The wide array of traditional crops once
cultivated on a sustainable scale in various
regions of the world has been replaced by a
limited selection of major crops grown in
large-scale monocultures [49]. This shift has
significantly reduced the diversity of species
upon which global food security depends [96].
Over the past 50 vyears, reliance on
commercial hybrids and advanced cultivars,
coupled with the marginalization of traditional
local species, has drastically diminished
horticultural and agricultural biodiversity.
Additionally, factors such as habitat loss,
climatic changes, and evolving cultural
practices have further narrowed the spectrum
of non-commercial crops commonly utilized
by humans. Globally, vegetable genetic
resources are being lost at an estimated rate of
1%-2% annually [25], primarily due to
changes in how the human population exploits
the world's edible plant resources [86].

There is a need of investment in research
breeding and cultivar development in
traditionally open-pollinated cultivars and in
the minor and so-called “forgotten”
vegetables. More investments in this area will
mean cheaper cultivars for growers to choose
from and more preservation of vegetable
biodiversity.

Indigenous and traditional vegetables exhibit
remarkable biodiversity, thriving in specific
marginal soil and climatic conditions with
minimal reliance on external inputs [28], [48].
Incorporating these traditional vegetables into
current production systems enhances their
heterogeneity, which in turn improves
resilience to both abiotic and biotic stresses
[74].

[61] highlights examples where diverse
agroecosystems successfully suppressed pests
and diseases while buffering against climate
variability.

Several solanaceous crops, including species
of Solanum, Capsicum, and Physalis, are
cultivated beyond their original centers of
domestication. Recently, there has been
growing interest in novel Solanaceae crops for
European cultivation [79], [87], [89], [88],
[68], [69]. This emerging focus underscores
the potential of lesser-known species,
warranting further exploration and research.
As climate change continues to shift
environmental parameters, many of these
crops could potentially expand beyond their
traditional climatic zones [86].

The initial step in launching new breeding
programs for indigenous vegetable crops is
their thorough characterization, a process that
should begin promptly across various
countries. The assumption that these crops are
inherently and permanently "resistant to pests
and diseases” compared to conventional or
globally cultivated vegetable crops is likely a
misconception. When indigenous crops
transition to mainstream production, they will
inevitably face a broad spectrum of pests and
diseases, potentially undermining farm
productivity. To ensure sustainable and
profitable cultivation, defensive strategies
such as selective breeding, grafting, integrated
pest management, and robust agronomic
practices will be essential to achieve high-
quality and sufficient crop yields [55].

Cover crops

Cover crops, such as red clover (Trifolium
pratense L.) and rapeseed (Brassica napus
L.), are essential for soil protection against
erosion and improving microbial biodiversity.
These crops provide constant soil cover,
preventing nutrient runoff and offering a
favorable habitat for beneficial
microorganisms and insects. In a study
conducted by [19], it was shown that the use
of cover crops reduces the need for chemical
inputs and supports soil structure by
increasing microbial activity.

Cover crops also contribute to pest control by
stimulating populations of natural predators
and pollinators, thus maintaining an
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ecological balance within the agroecosystem
[59].

Cover crops are plants grown between
production cycles of main crops to protect the
soil from erosion, increase organic matter
content, and improve soil fertility or as feed
for animals. They also provide habitat for a
wide range of beneficial organisms, including
predatory insects, bacteria, and fungi.

The decomposing residues of brassica cover
crops, through the release of glucosinolates,
aid in the control of parasitic nematodes [81].
In addition, during the same phase, they can
cause chemical and physical changes in the
soil and facilitate root penetration of the next
crop and act as a buffer for the soil [50].
Several studies confirm that the use of legume
cover crops in crop rotations, such as clover
(Trifolium pratense L.) and alfalfa (Medicago
sativa L.), and graminaceous cover crops,
such as ryegrass (Trifolium pratense L), oat
(Medicago sativa L.), and barley (Hordeum
vulgare L.), enhance the vyields of the
following cash crop [52], [64], [24].

Studies conducted by [19], demonstrate that
cover crops such as red clover (Trifolium
pratense L.) and mustard (Brassica napus L.)
improve soil health by enriching it with
nutrients, reducing the need for chemical
fertilizers, and helping regulate pest
populations. Additionally, [59] emphasized
that the use of cover crops increases
biodiversity by attracting pollinators and
through biological pest control.

There are various crop alternatives to be used
as vegetative cover, such as grains, legumes,
root crops and oil crops. All of them are of
great benefit to the soil, however some cover
crops have certain attributes, which need to be
kept when planning a rotation scheme [2],
[23]. It is important to start the first years of
conservation agriculture with cover crops that
leave a lot of residues on the soil surface,
which decompose slowly (because of the high
carbon/Nitrogen ratio, an indicator for
nitrogen limitation of plants and other
organisms). The adoption of cover crops in
agro-ecosystems provides multiple benefits to
the agro-ecosystems.

To maximize the agro-ecological functions,
complementing and synergizing the effects,
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cover crops are usually cultivated in a
mixture. Very important, in the constitution of
these mixes is to use the functional
complementarity of the species [21]. The
potential application of crop mixtures
(involving cereal, legume, and even crucifer
cover crops) is an issue of strategic interest
when designing low-C cropping systems such
as in Mediterranean areas.

In addition, Brassicaceous over crops are
chosen to improve soil penetration resistance
due to taproot growth but are also used as a
highly effective catch crop [11]. For example,
mixing radish with rye can mitigate both soil
compaction and soil erosion risks due to the
bio-drilling potential of radish and abundant
aboveground biomass cover produced by rye
[22], [82].

Radish (Raphanus raphanistrum
subs. sativus), a widely used and highly
beneficial cover crop, catch soil nutrients,
especially nitrogen [93]. In that sense, the use
of cruciferous species as cover crops could
allow the natural control of potential diseases.
[99] showed that radish (Raphanus
raphanistrum subsp. sativus) or brown
mustard (Brassica juncea L.) as a biofumigant
crop could be effective against plant-parasitic
nematodes without compromising on soil
health or changing the structure of the
nematode community. Furthermore, [6]
revealed that using radish (R. sativus) and
arugula (Eruca sativa) as winter cycle plants
before plants that are susceptible to the root-
knot nematode Meloidogyne arenaria would
help to reduce gall index, egg masses and
consequently damage and also increase crop
yields. Last, leguminous vover crops are
recognized as the most effective when
maximizing nitrogen (N) input becomes the
priority [35]. Indeed, leguminous cover crops
can deposit significant amounts of N in the
soil during growth and have the ability to
acidify the rhizosphere by facilitating the
uptake of insoluble phosphorous into the soil
[72], [100]. According to [91], the presence
of Trifolium subterraneum, for three
consecutive years, determined a considerable
increase in ammoniacal nitrogen, nitric
nitrogen, and the N cycle bacteria.
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Furthermore, [39] revealed that the mitigation
effect of the legume (vetch) cover crops
mainly due to the reduction of synthetic N
inputs in the subsequent cash crop as well as a
decrease in indirect N2O emissions from
NOsz leaching and an increase in C
sequestration due to an intensive
photosynthetic activity.

[29] have observed that the specific use
of Trifolium repens and Vicia villosa as cover
crops can improve soil quality and yield in
apple orchards. In long-term cropping systems
such as orchards, cover crops have economic
benefits because, in addition to protecting soil
against water and wind erosion, they can
contribute, through residue deposition, to
nutrient recycling, increased soil health and
reduced mineral fertilization needs [27]. This
could be useful on vineyard and olive tree
systems that are generally affected by erosion
due to the high loss of organic matter and
excessive tillage operations [7]. Other tree
systems that have the same issues are those
consisting of almond [65], apricot [56] and
persimmon orchards [83]. Several studies
showed that the cultivation of cover crops is
an effective solution to minimize soil erosion
in these orchards caused by intensive tillage,
excessive mineral fertilizer applications and
herbicide use and, therefore, preserve soil
from the risk of desertification [54], [8].

[36] observed that the use of cover crops
could reduce soil losses by 3.8 to 0.7 Mg
ha™! in a vineyard.

[76] showed that using cover crops reduces by
27% annual water runoff and can be used as
an agronomic strategy for improving water
use efficiency.

Aromatic and medicinal plants
Intercropping medicinal and aromatic plants
with various horticultural crops plays a
significant role in reducing post-harvest yield
losses, preserving fruit quality, and extending
shelf life during storage. Additionally, the
essential oil content, yield, and composition
of medicinal and aromatic plants are
influenced by the interspecific competition
present within the intercropping system. [32],
[77].

According to the experimental result of [57]
intercropping of some aromatic plants with

tomato (Solanum lycopersicum L.) protect the
infestation of Tuta absoluta on tomato. The
inclusion of rosemary (Rosmarinus officinalis
L.) with onion elevated yield advantage and
competitiveness over sole planted crop per
unit area as indicated by higher LER and
relative crowding coefficient. This enables to
prevent the insect pest attack on onion [5].
Planting marigolds (Calendula officinalis L.)
between tomatoes protects the tomato plants
from harmful root-knot nematodes in the soil
and increase the marketable fruit yield of
tomato by trapping different insects and pest
attack and the like [31]. Marigold repels
nematodes, tomato worm, slugs and general
garden pests [38] found that intercropping of
tomato with African marigold (Tagetes erecta
L.) reduced early blight (Alternaria solani) of
tomato  (Solanum lycopersicum L.).
Intercropping marigold (Tagetes erecta L.)
for nematode management also appeared to
reduce numbers of aphids and whiteflies, and
resulted in lower levels of virus in tomato
[103].

Tomato (Solanum lycopersicum L.) and basil
(Ocimum basilicum L.) are common pairs that
are intercropped [70]. Several studies reported
the performance of intercropping of aromatic
and medicinal plant species with selected
major horticultural crops in different countries
as cited by [70], the experimental results of
[73], [75]. [37] reported intercropping of
onion (Allium cepa L.) with basil (Ocimum
basilicum L.) at a 1:1-row arrangement could
provide farmers with the best yield advantage
and income over sole planting of component
(onion) crops. Basil and tomato are
companion plants that have similar lighting
and watering needs, some even say tomatoes
(Solanum lycopersicum L.) taste better when
they neighbour basil (Ocimum basilicum L.)
[12].

Application of organic mulch

The application of organic mulch is an
effective technique for conserving soil
moisture, reducing weed growth, and
improving soil structure [80]. Organic mulch
helps increase soil biodiversity by providing a
habitat and a constant source of organic
matter for soil organisms. It can also

809



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 24, Issue 4, 2024
PRINT ISSN 2284-7995, E-ISSN 2285-3952

contribute to maintaining soil temperature and
improving water retention capacity.

Numerous studies have demonstrated that
intercropping and living mulches can
positively influence pest and disease
management as well as weed control [40],
[41], [45], [46], [47], [53], [90] . However,
this outcome cannot be universally applied
and must be evaluated on a case-by-case basis
[66]. The effectiveness of these practices
often depends on various factors, including
the cropping systems and the arthropod
species involved in the experiments.

[30] highlight the overall positive impact of
the living mulch technique on plant-soil
systems, evidenced by increased soil
biodiversity and the absence of significant
negative effects on pest abundance.

In the study by [30], the effects of a ‘cover
crop—vegetable cash crop’ intercropping
system on arthropod dynamics and
biodiversity were analyzed across four
European  countries:  Italy,  Denmark,
Germany, and Slovenia. Soil arthropod fauna
served as an indicator for comparing the
ecosystem services provided by living mulch
systems versus sole crop systems. The
findings revealed that the living mulch
technique had no adverse effect on the
infestation of cabbage caterpillar (Pieris spp.),
a key pest of cabbage [14], [15], [16].

In Denmark, aphid populations were notably
higher in the sole crop system compared to the
living mulch system. In Italy, a high rate of
larval parasitization was observed, with
parasitization levels reaching 88% in living
mulch systems versus 63% in sole crop
systems during one year of the study.
Additionally, the living mulch positively
influenced the activity density of Carabid
beetles, enhancing species diversity and
evenness in Italy and Slovenia and increasing
the activity density of specific taxa in
Slovenia and Denmark.

Overall, the results demonstrate that living
mulch techniques contribute positively to
arthropod biodiversity in plant-soil systems,
enhancing soil biodiversity and showing no
detrimental effects on the density of canopy
pests. These findings suggest that living
mulch can provide valuable ecosystem
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services while maintaining effective pest
control [26], [33], [63].

In conclusion, a notable finding from our
study is that the use of living mulch in
cauliflower cultivation did not lead to an
increase in pest infestation, demonstrating the
absence of any detrimental effects associated
with this technique.

When vegetables are undersown in living
mulches or row intercropped with cover crops
or other vegetable crops, they are found to
reduce herbivorousinsects and damage caused
by them [42], [43], [44], [97], [104].

These systems (living mulches, intercropping)
create diverse habitats that are generally less
favorable for herbivores and/or more
conductive for natural enemies [84].

However, herbivore response to diverse
habitats could not be explained by a single
ecological theory and may depend on the
behavior of herbivores (host finding, host
acceptance, etc.) to the specific habitat type
[44].

The primary mechanisms behind the pest-
suppressive effects of living mulches and
intercrops are attributed to the disruption of
host-plant detection, chemically-based
repellency, impacts on insect pests and their
natural enemies, and potential competition
between the cash crop and adjacent non-crop
vegetation [34], [62]. Although these
techniques can function independently as pest
management strategies, their effectiveness is
enhanced when integrated with other
approaches, including chemical controls (used
selectively, such as in trap cropping), cultural
practices, and biological control methods [9],
[10] [78]. Below, we discuss the main
mechanisms underlying the effects of living
mulches and intercrops on pest suppression
[95].

Further development of such methods, as
shown in Figure 1, promote biodiversity and
provide favorable conditions for agriculture
based on ecological principles are expected to
reduce chemical inputs (e.g., insecticides) (a),
thus impacting positively the society and the
environment to move towards sustainability in
vegetable production systems (b).
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Fig. 1. Methods of diversifying vegetable crops for the sustainability of biodiversity in agroecosystems (a) and
The ecological and economic impact of using these methods (b)

Source: Authors' own conception.

The economic impact of the use of various
methods for diversifying vegetable crops
The use of a large variety of crops gives a new
chance to farmers to develop their agri-
business in terms of a higher production,
diversification of the products obtained,
improving the acquisition price at the farm
gate, raising their incomes and profit.
Consumers will have at their disposal more
alternatives from which to choose the most
suitable one to cover their needs.

Industry will benefit of a large range of raw
materials to transform them into new products
which will enlarge the domestic market and

also could become an object for
commercialization on the international
market.

In the rural communities, where agriculture
plays the main role, new opportunities of jobs
could be created by extending and
diversifying the cultivated crops.

The new crops could increase value-added,
create market niches and generate income
streams along the value chain.

The implementation of a large range of
vegetal crops and enlarging the use of various
the methods to cultivate them in a friendly
manner with the environment will contribute
to production diversification, to the increase
of revenues, to the reduction of the market
dependence on commodity crops, and to the
enhancement of the competitiveness of
farmers in global markets [13].

CONCLUSIONS

There is a lot of scientific evidence that
supports the adoption of cover crops as a valid
solution for allowing the ecological transition
of modern and intensive systems toward
sustainable  farming  systems.  Several
beneficial effects could be accounted for
following the cultivation of cover crops, such
as the improvement of soil health,
enhancement of nutrient cycling, carbon
sequestration and reduction of greenhouse gas
emissions, reduction of synthetic fertilizers,
and economic returns [82]. Therefore, the
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introduction of cover crops into agricultural
systems can sustain the productive stability of
cash crops and increase soil fertility through
organic matter accumulation. Furthermore,
cover crops may enhance soil structure, water
conservation, and aid in pests and weed
management.

Agricultural practices such as crop rotation,
intercropping, the use of cover crops, and the
application of organic mulch are essential for
maintaining biodiversity in agroecosystems.
These methods contribute to soil health,
reduce the need for chemical inputs, and
enhance ecological stability. Thus, they
represent effective solutions for promoting
sustainable agriculture and a healthier, more
balanced agricultural environment, providing
a solid foundation for resilient and adaptable
farming.
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