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Abstract

In the current intensive systems of agricultural production, many important features, i.c., functions of
the agroecosystem have been degraded and disrupted. The intensification of agricultural production inevitably
leads to land degradation in terms of its physical, chemical, and biological properties. The increasing presence
of monocultures, reduced crop rotation, and excessive use of mineral nutrients, lead to several negative
phenomena in such agroecosystems. Along with efforts to reduce energy consumption, and environmental
pollution, intensify sustainable agriculture systems, and maintain biodiversity, the possibility of increasing the
area under perennial forage legumes should be considered. As nitrogen fixers, these plants are minimally
fertilized with nitrogen fertilizers whose residues in the soil are lost by leaching, causing pollution of
groundwater as well as surface watercourses. The introduction of perennial legumes in the crop rotation can
provide numerous benefits, such as increased and more stable yields of protein-rich biomass, conservation, and
repair of land resources, increased yield stability, better utilization of nutrients, water, and light, as well as weed,
disease, and pest control. The introduction of legumes in production systems would limit the increasingly
pronounced land degradation. In order to develop sustainable agriculture, market policy should recognize the
value of products obtained from leguminous plants through certain agricultural policy measures.

Keywords: biodiversity; environment protection; perennial legumes; sustainable agricultural systems

Introduction

The trend in the number of certain species of domestic animals at the global level is in the direction of
decreasing the number of ruminants and increasing the number of monogastric animals (Lassaletta ez al., 2014).
Consumption of meat and other products from monogastric animals leads to a change in the sowing structure,
i.e., the way of using agricultural land (Pelletier and Tyedmers, 2010). The intensification of agriculture has led
to the fact that, instead of using the pasture method, there is an increase in the use of the stable method of
growing ruminants, which in itself leads to greater use of concentrated nutrients (Vicenti ez 4/, 2009). It also
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leads to an increased concentration of certain species of domestic animals in certain regions, especially pigs and
poultry, which results in pollution of the agroecosystem, as well as the environment as a whole (Szogi ez al.,
2015). Increased concentrations, mainly of nitrogen, and also of phosphorus compounds, make agricultural
areas less suitable for growing legumes (Murphy-Bokern ¢# /., 2017). At the expense of reducing the area under
legumes, as a rule, the areas under cereals and to some extent oil plants are becoming increasingly, and in that
way, production systems are increasingly homogenized (Stevovi¢ ez al., 2020). This, together with the fact of a
generally small and irregular application of organic fertilizers on arable land, inevitably leads to accelerated
degradation of the agroecosystem to worrying levels.

Recently, there has been a problem in less intensive feed production systems, which largely depend on
natural, semi-natural, and sown grasslands. Such grasslands are exposed to overexploitation in many parts of
the world, especially in conditions of temporally and spatially unevenly distributed precipitation, which is a
consequence of climate change (FAO, 2010). This increases the risk of degradation and erosion of grasslands
and leads to a lack of protein nutrients. These problems can be solved by the more intensive introduction of
perennial forage legumes into production systems. Legumes belong to the family Fabaceae, subfamily
Papilionoideae. The most crucial perennial forage legumes are alfalfa (Medicago sativa L.), red clover (Trifolium
pratense L.), white clover (T7ifolium repens L.), and birdsfoot trefoil (Lozus corniculatus L.). They represent one
of the most important groups of plants in the systems of conventional agricultural production and an
indispensable component of the system of sustainable agriculture, i.c., organic production (Foyer ez 4/., 2018).
In the Republic of Serbia, perennial legumes are grown on about 170,000 ha as pure crops (SYS, 2020),
sometimes as combined crops with perennial or annual grasses, other legumes, or other plants. This paper aims
to analyze the importance and possibilities and provide suggestions for growing perennial forage legumes to
form and develop sustainable agricultural production systems, which would contribute to efforts to reduce the
degradation of agroecosystems in current agricultural production systems.

How important forage legumes are?

Due to the high variability in the most important agronomic properties, perennial forage legumes can
be grown in different agroecological conditions, used in different ways, and grown for different purposes. They
are distinguished with high protein content in the forage, with a favourable amino acid composition. In
addition to quality proteins, fibbers, folic acid, B vitamins, minerals (iron, zinc), and secondary bioactive
compounds are present in legumes also (Wolf-Hall ez 4/., 2017). That makes this group of forage plants
indispensable in meeting the needs of domestic animals for high-quality bulky food, in an economically,
ecologically, and healthily far more acceptable way than other agricultural plants (Petrovi¢ ez al., 2016; Tomi¢,
2017) (Table 1). No less important is their role in preserving the most important properties/functions of
natural, semi-natural, and controlled agroecosystems, to a much greater extent than other cultivated plants.

The increase of areas under legumes is especially important for systems of sustainable, i.c., organic
agriculture (Annicchiarico ez al., 2017). The growing of perennial legumes provides high-protein feed, along
with benefits for the ecosystem, such as efficient use of resources and energy, lower greenhouse gas emissions,
and increased soil fertility (Cellier ez 4/., 2015). The biomass of legumes decomposes faster in the soil compared
to the biomass of other plants, such as those from the Poaceae and Brassicaceae families, leaving nitrogen in the
soil for these crops (Stevovié ez al., 2020).

Forage legumes have great agrotechnical importance. Their value in preserving the soil structure, crop
rotation, preventing erosion, and weed control is very important (Cupina et a/., 2004). In addition, these plants
improve the physical properties of the soil, reduce the number of pathogens and pests in the soil, and provide
more nitrogen to subsequent crops (Blackshaw ez a/., 2005). A greater presence of legumes in the crop rotation
can provide not only an increase in the production of quality forage and grain but also a reduction of the
pressure on natural resources (Foyer ez 4/., 2018).
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Table 1. The importance of forage legumes for feeding farm animals and people
The role Conditions and Benefits References

Petrovié et al. (2016);
Murphy-Bokern ez al. (2017);

The high protein content in the forage, with a
favourable amino acid composition

Tomi¢ (2017)
Feed for Contain fibbers, folic acid, B vitamins, minerals
domestic . . ’ Lo Wolf-Hall ez al. (2017)
ol (iron, zinc), and secondary bioactive compounds
animals

Tomié et al. (2012a); Tomié et al. (2012b);
High yield of forage and hay Tomi¢ et al. (2014); Tomié¢ (2017); Tomic et
al. (2018); Stevovié et al. (2020)
Dandamudi ez 4/ (2018);
Kaur ez al. (2022)

Alternative protein for meat replacement

Dietary food for disease prevention Valachovitova ez al. (2017)
Chen ez al. (2006); Dalgleish (2006)
Human food
In the food industry Garcia-Mora et al. (2015); Dandamudi ez 4.
(2018)

Gan et al. (2017); Xu et al. (2019);

f ial I h f
Sprouts of perennial legumes as human food Chiriac et al, (2020)

As honey plants

Other Stevovié et al. (2020)

In medicinal purposes

The advantages of growing leguminous plants are largely the result of their most important and unique
feature: the ability to fix atmospheric nitrogen through symbiosis with root bacteria, whose common name is
rhizobia, thus satisfying most of their needs for this nutrient and providing it to other organisms - soil
microorganisms, non-leguminous plants in mixture crops, or cultivated plants that come after them in crop
rotation (Bokan et 4., 2016).

In the era of the Green Revolution, the cultivation of legumes was quite limited, mainly due to the large
use of synthetic mineral fertilizers. Knowledge of the damaging impact of especially synthetic nitrogen
fertilizers on the physical, chemical, and biological properties of the soil, as well as increased pollution of the
agroecosystem and the environment as a whole, has restored interest in growing legumes as a component of
intensive crop rotations (Battye ¢z al., 2017). Annual and perennial forage legumes can be grown for very
different purposes; such as protection of soil from erosion, green manure, mulching, sowing in rows in orchards
and vineyards, as honey, ornamental plants, or medicinal purposes (Stevovié ez al., 2020).

The United Nations Framework Convention on Climate Change encouraged research for adapting
agricultural exploitations to the new climate change. The aim is to set up pastures with complex perennial
grasses and legume mixtures alongside annual forage crops, as a means to adapt their exploitation to present-
day and future climate conditions.

Systems for producing forage from leguminous plants

Perennial forage legumes can be grown for various purposes, such as grain, green forage, hay, silage,
haylage, or green manure, where the choice of production system depends on climatic and edaphic conditions,
as well as the purpose of the final product (Peyraud ez al., 2009). They are mainly represented as a component
of natural, semi-natural, and sown grasslands (long-term or short-term), or on arable land on which they are
purposely based as pure crops (Vazquez ez a/., 2022). Sown grasslands are based on arable land and are used for
two to several years, by growing species such as red clover, white clover, or birdsfoot trefoil (Stevovi¢ e al.,
2020). Regardless of the method of utilization, grass forage is realized mainly through meat and milk as the end
products of ruminants.
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In terms of forage yield, agronomic quality, especially forage quality, mixtures of grasses and legumes
have significant agronomic advantages, compared to pure grasses. However, there are several disadvantages of
such systems, including weak growth at the beginning of vegetation (Peyraud ez 4/., 2009), less durability when

using grazing compared to pure grasses, the risk of bloating, and some difficulties in ensiling or haymaking
(Phelan et al., 2014).

Use of perennial legumes for human diet

Proteins represent a very important group of compounds used in human nutrition. Meat is the basic
source of protein with high biological value. However, in recent times, there has been an increasing consumer
demand for alternative protein products for various reasons (Kaur e /., 2022). The so-called "vegetable meat”
made of protein from leguminous plants, is especially important. They are an important source of dietary
proteins of high biological value for vegetarian diets, either for cultural or health reasons (Dandamudi ez 4/,
2018). Research shows that a human diet based on plant proteins carries a significantly lower risk of the most
serious diseases (Valachovi¢ova ez al, 2017). Important properties of legume proteins such as hydration,
gelation, or emulsification make this group of plants suitable for industrial processing. The interaction of
proteins and water resulting in hydration is very important in the food industry to obtain the ability to gel,
swell and retain water (Garcia-Mora ez al., 2015). Equally important is their gelling function, which represents
the cross-linking of molecules using certain forces with uneven holding power (Chen ez al., 2006). The
emulsifying property of proteins is one of the most commonly used techniques in the food industry for
producing oil-in-water emulsions (Dalgleish, 2006).

Legume seeds are used to obtain sprouts for human consumption. Sprouts of red clover and alfalfa have
been used in the human diet for centuries (Silva ez 4/., 2013). Today also they are considered a functional food
because they contain well-known bioactive substances that provide many health benefits (Gan ez 4l., 2017).
During the germination of legumes, the activity of hydrolytic enzymes increased and it leads to an increase in
basic biomolecules, mineral substances, and their bioavailability of them (Vlaisavljevi¢ ez /., 2017; Chiriac ez
al., 2020). Xu ez al. (2019) have determined the significant effect of the sprout of perennial legumes on the

chemical composition, thermal, and pasting of legume flours.
Forage legumes in crop rotation

In order to control the population of plant diseases, pests, and weeds, to make full use of available
nutrients from the depth of the soil profile, crop rotation should include plants with different life cycles,
habitus, and root architecture, as well as a sensitivity/resistance spectrum to diseases and pests (Reckling ez 4/,
2016). It is known that crop rotation contributes to the improvement of soil structure, its permeability,
microbiological activity, water retention capacity, the content of organic matter in the soil, preventing erosion,
and stabilizing crop yields and sustainability of production systems (Bokan ez 4., 2016) (Table 2).

Leguminous species affect the next crop through a series of effects such as crop rotation, and nitrogen
effects, as well as through a series of legume-specific effects (Peoples ez al., 2009). The effect of the so-called
intermittent crop is pronounced when the crop rotation is not diverse, for example, species from the group of
cereals change successively, and some of the broad-leaved cultivated plants are introduced into such a system,
ie., legumes or a short-term grass-legume mixture (Robson ez 4/., 2002). The most important outcome of this
effect is a reduction in the number of soil pathogens and pests characteristic of, in this example, cereals
(Kirkegaard ez al., 2008). As pre-crops for cereals in the crop rotation, forage legumes increase soil fertility, and
thus grain yield, with a significant reduction in the incidence of root diseases and reduce the number and thus
the harmfulness of nematodes (Ates ez al., 2013). The effects of nitrogen are reflected in the release of
biologically fixed nitrogen from the harvest residues of legumes, where the degree of their decomposition is

4
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limited by the relatively low value of the carbon/nitrogen ratio (Jensen ez al., 2004). The main outcome of
legume-specific effects is an increased number of bacteria that promote plant growth (Lugtenberg and
Kamilova, 2009), especially those that bind hydrogen (Maimaiti ez 4/, 2007), thus contributing to the
accelerated development of the next crop. The architecture of the entire root system of legumes, which is
characterized by a spindle root, with a reticulate of lateral roots, in contrast to the fibrous root system of cereals,
helps infiltrate water into deeper layers, forming channels that facilitate root development and penetration of

the next cultivated plant into deeper layers (Neumann ez 4/., 2011).

Table 2. Forage legumes' agrotechnical value, role in crop rotation and effect on soil fertility
Conditions and Benefits References
The amount of fixed atmospheric nitrogen BNF (2013); Tomi¢ ez al. (2014); Bokan ez 4. (2016); Battye et
through symbiosis with root bacteria in forage al. (2017); Stevovié et al. (2017); Murphy-Bokern ez a/. (2017);

legumes varies in a wide range - between 15 and Tomié et al. (2018)
390 kg N ha' per year Bekuzarova et al. (2020)
Maintaining the soil's structure and avoiding Cupina et 4. (2004); Holtham e 4/, (2007); Praharaj and
erosion Maitra (2020)
Improve the physical properties of the soil, reduce Blackshaw ez al. (2005);
the number of pathogens and pests in the soil, and Stevovié et al. (2020);
provide more nitrogen to subsequent crops Praharaj and Maitra (2020)
Increase the content of organic matter in the soil Schjenning ez al. (2007)
Legumes biomass as green manure Baddeley ez 4/. (2017);
Reduction in the incidence of root diseases and
reduce the number and thus the harmfulness of Ates et al. (2013)
nematodes
Mulching, sowing inter rows in orchards and Lorin et al. (2015);
vineyards Stevovié et al. (2020)
Helps infiltrate water into deeper layers, facilitates Neumann ez al. (2011);
root development Huang ez al. (2017)
Cupina et 4. (2004); Bilalis ez a/. (2010)
Weed control Farooq ez al. (2011); Tomi¢ et al. (2014);

Tomié et al. (2018); Melandera ez al. 2020)

Some legumes can reduce the amount of water in

Tello-Gracia et 4/, (2020)

too moist soil through greater transpiration

Impact on soil fertility

In intensive agricultural systems, the presence of monocultures, reduced crop rotations, and excessive
use of mineral nutrients, lead to an expedited process of soil degradation (Stevovié ez al., 2020). The extent to
which the introduction of perennial forage legumes in production systems will be able to mitigate such negative
phenomena depends on several factors. It is certain that the correct choice of species, methods of production,
and use, as well as the degree of representation of perennial legumes on total agricultural land, can significantly
reduce the disadvantages of intensive systems.

By cultivating legumes, quite large amounts of nitrogen can be provided in the soil, taking into account
its content in biomass (Bekuzarova et al., 2020). However, due to unsynchronized processes of decomposition
of organic matter, mineralization, and losses, on the one hand, and the needs of cultivated plants in certain
stages of development, on the other, its utilization by the next crop is realistically reduced (Andrews ez 4/,

2007).
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The accelerated development of agriculture, especially in the last few decades, has led to a very rapid
decrease in the content of organic matter in the soil, which is now alarmingly low in highly developed
agricultural production systems. By cultivating (especially for a longer period) and plowing leguminous crops,
even grass-leguminous mixtures increase the content of organic matter in the soil, as well as its quality
(Schjenning ez al., 2007). The rhizosphere of legumes, unlike other plants, is characterized by a higher content
of organic matter, and thus a greater possibility of storing mineral nutrients (Angers and Caron, 1998). The
decomposition of dead parts of plants, as well as roots after the decomposition of legume crops, has a favourable
effect on the formation of soil aggregates, which can be maintained in a stable form over a long period of time.
Plants differ in terms of their impact on soil structure, with differences not only between species but also
between cultivars within a species, even between genotypes within a cultivar (Macleod ez al., 2007). Most
studies have shown that the effect of legumes on the aggregation of soil particles is much more pronounced
compared to plants belonging to grasses (Holtham ez al., 2007).

The richness of the soil in terms of diversity and the number of useful groups of microorganisms is far
greater in soils used for growing legumes, especially perennials, compared to soils where other types of plants
are cultivated. The results of Spehn ez al. (2000) showed that the degree of decomposition of organic matter
and the total biomass of microbes depends more on whether legumes are present in the plant cover than on the
diversity which confirms the positive impact of legumes on microbial biomass and their activity.

Land fauna is also of great importance for the functioning of the soil system. The presence of
carthworms, the most useful representatives of this group, in numerous studies is incomparably higher in soils
under leguminous plants, especially perennials, as well as grass-leguminous mixtures, compared to soils under
high-intensive annual cultivated plants (Cooledge ez al., 2022). The reason for their higher presence in such
areas, in relation to intensive production systems, is mainly the higher nutritional value and taste of plant parts,
as well as the exudates of leguminous plant roots (Huxham ez 4/, 2005).

Influence of legumes on nitrogen status in soil

The amount of fixed atmospheric nitrogen in forage legumes varies in a wide range - between 15 and
390 kg N ha™' per year, depending on the type of legumes, as well as biotic and abiotic factors to which plants
are exposed throughout the year (Stevovi¢ ef al., 2017). Only 8-14% of the amount of nitrogen in the
aboveground part is found in the underground parts of the plant (BNF, 2013). It is considered that 80% of soil
nitrogen in the zone of the root system is deposited through root secretions, as well as dead rhizobium cells, i.e.,
root tissue (Mayer et al., 2003).

Biotic and abiotic factors that adversely affect the amount of fixed N3 include: stress caused by discases,
inadequate soil fertility, soil acidity, salinity, drought, high temperatures, and defoliation (removal of the
aboveground part). These processes/conditions affect the molecular communication between legumes and
rhizobia and/or reduce the photosynthetic activity of the plant, thus determining the amount of fixed N,
(Tomic et al., 2012a). The high nitrogen content in the soil also reduces the activity of rhizobium (Tomi¢ ez
al., 2014). Usually, one part of the nitrogen in plants originates from nitrogen fixation, while the rest comes
from soil reserves. For example, it is estimated that in alfalfa in the year of sowing about 50% of nitrogen comes
from nitrogen fixation, and in subsequent years about 80% (Sheaffer ez 4/., 1989).

Legumes provide some of the nitrogen needed by grasses in grass-legume mixtures. Biologically fixed
nitrogen can be provided to grasses in mixtures in several ways: by releasing legume root exudates in the grass
root zone, decomposing parts of roots and nodules, using mycorrhizal fungi as carriers, and by the excrement
of the grazing animals (Paynel ez 4/., 2001). Here, too, the data on the amount of nitrogen delivered are highly
variable and range from 5 to 80 kg ha’; it is considered that this amount satisfies 20-70% of the grasses need
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for nitrogen. The amounts of nitrogen delivered to grasses mostly depend on the type of legumes, agroecological
factors, as well as the status of nitrogen in the soil (Murphy-Bokern e al., 2017).

The amount of fixed nitrogen in grass-legume mixtures varies greatly and usually decreases during the
growing season. The reason for these oscillations is precisely the very dynamic and complex nature of such an
agroecosystem (Louarn ez a/.,2015). In the short term, grasses promote nitrogen fixation by absorbing nitrogen
from the soil, encouraging leguminous plants, i.c., rhizobia, to be more active (Pankievicz ez al., 2015).
However, this stimulates the growth of grasses, which disrupts the grass-legumes relationship, due to the greater
competitive ability of grasses in relation to legumes (Tomi¢ ez al., 2018). As a consequence, productivity and
persistence, as well as nitrogen fixation of legumes, are significantly reduced. The reduced share of legumes, as
well as the lower activity of rhizobium, as a feedback effect, also reduces the amount of nitrogen introduced
into the mixture crop through nitrogen fixation, so that the growth of grasses is slowed down (Staniak ez al.,

2014).
Perennial forage legumes and biodiversity

The negative consequences that accompany today's high-intensity grasslands are reflected in the
drastically reduced biodiversity. Agricultural ecosystems are highly dependent on living organisms that are
responsible for the decomposition of organic matter, maintaining soil fertility, its structure, pollinating of
cultivated plants, etc. Ecological studies, in the recent past, have indicated the extent to which the provision of
such ecosystem services is dependent on plant diversity (Zabala et 4l., 2021) (Table 3). For these reasons, it
would be necessary to apply methods that could increase the biodiversity of agroecosystems, especially in
agricultural areas intended for forage production, where it would be possible to maintain an acceptable level of
productivity. Therefore, but also from the point of view of nutritional value, i.e.,, maximum utilization of
nutrient components of forage, it is necessary to include several types of legumes in such production systems
(Sauvadet ez 4l., 2021). With the maximum utilization of natural resources, the positive sides of such
production systems are reflected in lower inputs, as well as in the preservation of the physical, chemical, and
biological properties of the soil.

Research related to the impact of legumes on biodiversity has in the past been more focused on their
impact on natural or semi-natural ecosystems (Altieri and Rogé, 2010). Today, several key traits, such as
nitrogen fixation, pollination, weed control, and soil improvement, which provide legumes, are important for
sustainable agroecosystems (Sauvadet ez 4/, 2021). Microorganisms that decompose the organic matter of
legumes, certain types of fauna found in the soil, as well as organisms that feed on legumes, play an important
role in the nitrogen cycle, thus making it available to plants located near legumes (Sugiyama and Yazaki, 2012).
The morphology of the roots of most legumes enables production systems with less or no-tillage, because, after
their cultivation, the soil structure is more stable, and the soil surface is covered with plant material (Praharaj
and Maitra, 2020). With the increased activity of microorganisms, the absence of soil mixing has a favorable
effect on the activity of beneficial fauna, especially earthworms, as well as on the preservation of organic matter
in the soil. In the soil without cultivation, the presence of other useful fauna has also increased (Jordan ez 4.,

2004).
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Table 3. The role of forage legumes in environment protection

Conditions and Benefits References
Huxham ez a/. (2005); Huang ez a/. (2017);
Stevovié et al. (2020)
Peoples ez al. (2009); Reckling ez 4l. (2016);
Foyer et 4l. (2018)

For systems of sustainable, i.e., organic agriculture

Reduction of the pressure on natural resources

Efficient use of resources and energy, lower

greenhouse gas emissions, and increased soil Cellier ez al. (2015); Huang et al. (2017)
fertility
Diversity and the number of useful groups of Spehn ez al. (2000);
microorganisms Jordan et al. (2004)

Nyawade ez 4/. (2019); Li ez al. (2019);

Stevovié et al. (2020)
Increase the number of earthworms Huxham ez 4/. (2005); Cooledge ez a/. (2022)

Sauvadet ez 4. (2021);
Zabala et al. (2021)
Fester e al. (2014); Teng et al. (2015); Ansari ez al. (2018);
Ding ez al. (2021)

Source of bioenergy Sanderson ez 4l. (2020); Kukharets ez al. (2023)

Protection of soil from erosion

Increase the biodiversity of agroecosystems

Bioremediation

The role of perennial forage legumes in weed control

Due to the high leaf area index, as well as the rapid stem growth in some species, legumes are basically far
better competitors to weed species compared to narrow-leaved cultivated plants (Bilalis ez 4/., 2010). Perennial
species of legumes that are used several times during the year (mowing/grazing) are, thanks to their rapid
regeneration, even better competitors so the presence of weeds in areas where they are grown is very small
(Tomi¢ ez al., 2018). Perennial forage legumes remain on the same surface for several years, are mowed
periodically in that way, weeds are mostly removed before seed formation. Thanks to the highly competitive
ability of perennial forage legumes, the emergence of new weeds is prevented (Tomi¢ ez al., 2012b).

Mixtures of small-grained legumes and other plants are also very effective in weed control (Tomié ez 4l.,
2014), but also production systems known as live mulch (Lorin ¢# 4/, 2015), in which legumes are sown in the
inter-row space of widely grown crops and by competing for food, water, and light, reduce the appearance of
weeds. Biomass of plants grown for green manure, as well as harvest residues of some legumes, can greatly reduce
the number of certain weed species, preventing their emergence due to disturbed a ratio of the active part of
the sunlight spectrum, as well as the temperature regime on the soil surface (Melandera ez a/., 2020). Laboratory
tests have shown that plant residues of some legumes with their chemical ingredients can reduce the emergence
and development of certain weeds (Farooq ez 4/., 2011).

Soil and water conservation

In forage production systems, perennial forage legumes as dense crops can reduce soil erosion by
reducing surface water runoff and increasing precipitation infiltration (Nyawade ez al., 2019). Live plants and
their remains on the soil surface protect the soil from raindrops, prevent compaction of the surface layer and
the formation of crusts, and reduce the rate of surface water runoff (Li ez 4/, 2019). The remains of the
aboveground part and the roots of legumes increase the content of organic carbon in the soil, stabilize the soil
particles, increase macroporosity, and thus increase the degree of infiltration and water retention in the soil

(Huangez al., 2017).
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Legumes that increase the content of organic matter in the soil and provide its protection with their
residues on the surface can preserve water in the soil by increasing infiltration and increasing the water content
in the zone of the root system. In contrast, some legumes can reduce the amount of water in too moist soil
through greater transpiration (Tello-Gracia ¢z al., 2020).

Perennial foragc lcgumcs fOl' green manurc

The most common way to increase the amount of nitrogen introduced into the soil in the temperate
climate zone is to cultivate of legumes, either as the main crop or sub-crop and to plow them as green manure
at a certain stage of development (Baddeley ez /., 2017). The same authors state that in order to avoid nitrogen
losses as much as possible, the next crop should have at its disposal a sufficient amount of mineralized nitrogen
from green manure in the development phase, which is the most demanding in terms of its availability.
Perennial crops for green manure (usually two to three years) are part of the crop rotation on arable land.
Alfalfa, red clover, birdsfoot trefoil, as well as mixtures of grass and legumes, are often used for this purpose,
with the last growth in autumn, before plowing, generally not being mowed (Stevovi¢ ez al., 2020).

In addition to the mentioned leguminous crops, mixtures of annual or perennial legumes can be used as
green manure (Cupina et al., 2017). The diversity of the chemical composition of the species in the mixture
affects the different rates of biomass decomposition after plowing, so that the availability of nitrogen is
prolonged for a longer period and thus increases its utilization by the next crop, while reducing its losses. Due
to many limitations in agricultural technology, the maximum number of legumes in mixtures for any purpose
should not be more than three (Storkey et al., 2015).

The degree of total mineralization of green manure and nutrient loss by leaching mainly depends on the
chemical composition of the plant mass, soil temperature, its physical and chemical properties, and water
content (Campiglia ¢# a/., 2010). Data on the amount of nitrogen delivered to the land, i.e. the next cultivated
plant, are highly variable and range from almost zero to an incredible 500 kg ha™ N. In practice, it is calculated
that in optimal conditions these amounts should correspond to the amount of nitrogen from synthetic fertilizer

0f 100-200 kg ha" (O’Dea ez 4l., 2013).

Role in soil phytoremediation

Phytoremediation or bioremediation implies the cultivation of plants on contaminated soil (Ansari et
al,, 2018). In that way, such soils would be indirectly used for the production of bioenergy or other industrial
products, because the cultivation of plants for the production of food for humans and animals on them is
unacceptable. In legumes, the process of nitrogen fixation, as well as the growth and development of plants
stimulated by rhizobia, increase the content of harmful compounds in plants, the ability to decompose harmful
organic substances, and indirectly help in photo stabilization and translocation of harmful substances from soil
to plant (Tengeral., 2015). In this way, the symbiosis of Rhizobium and legumes enhances the ability to remove
harmful substances from the soil (Meena ez 4/., 2014). Legumes, for example, have almost no direct effect on
the decomposition of oil residues, but their symbionts-rhizobial microorganisms are responsible for this
(Kaksonen et al., 2006). Recently, rhizobia have been used to remove harmful substances from the soil, such as
active substances of pesticide, aromatic and acyclic hydrocarbons, chlorine substances, and phenolic substances
(Jin et 4l.,2013).

Rhizobia are also thought to control the bioremediation of heavy metals (Fester ez a/., 2014). Potential
metabolic systems involved in these processes are bioactive metabolites (Jin e# 4/, 2013), adsorption and
accumulation of heavy metals, and secretion of microbial enzymes that alter the chemical properties of metal
compounds (Teng ez al., 2015), volatilization of heavy metals by activity of microbes. The intensive formation
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of legume biomass in such agroecosystems is a necessary precondition for more efficient phytoremediation
(Hao et al., 2012).

Leguminous species that have a highly developed and deep root system, such as alfalfa, can absorb the
nitrate form of nitrogen from deeper soil layers and thus prevent its leaching into groundwater (Ding ez 4/,

2021).
Perennial forage legumes and bioenergy

The search for renewable energy sources, such as bioenergy, and their practical use are becoming
increasingly important today (Aidonojie ¢z 4/., 2023). An approach that involves the use of alternative energy
sources, while providing quality animal feed in the last few decades has been increasingly pronounced
(Kukharets ez al., 2023). Biorefining offers a different way of combining food production and bioenergy
(Sanderson ez al., 2020). For this purpose, alfalfa forage is especially interesting, due to its economical
production, i.e., low inputs. Energy production is based on the technological process of extracting proteins from
legumes or whole plants, which are used in the feeding of domestic animals or as a food supplement for humans,
and then the residues, which contain mainly polysaccharides, are utilized as bioenergy raw materials (Lamb ez

al., 2003).

Conclusions

Thanks to several positive characteristics, perennial forage legumes have, to a certain extent, exceeded
their basic purpose in agricultural production systems. The advantages of production systems that include
perennial forage legumes are numerous, but the most important are: increasing the value of agroecosystems by
providing nitrogen to the next crop, reducing or eliminating the use of synthetic nitrogen, improving soil
fertility, increasing biodiversity, weed control, reducing pesticide use. Recently, the importance of perennial
legumes in the process of green energy production as well as in the procedures of phytoremediation of soil has
been growing. The cost-effectiveness of production of perennial forage legumes at the farm level is often
misjudged as negative, because their positive, economically invisible advantages are generally not taken into
account. Therefore, today there is an urgent need to provide support for the cultivation of perennial forage
legumes so that this production is comparable to the cultivation of leading cultivated plants. Although the yield
potential of the leading species of cereals is constantly increasing, their yields are stagnating or even declining
in real terms. The reason for that, in addition to the possible consequences of climate change, is largely related
to the increasingly pronounced problems caused by diseases and weeds, as well as soil degradation. Therefore,
the advantages of introducing legumes into systems that include only the most profitable cultivated plants are
becoming more and more pronounced. Recognizing such advantages, market policy should recognize the value
of products obtained from leguminous plants with certain incentives, ie., premiums. The introduction of
legumes in greater amounts in production systems would limit the increasingly pronounced deterioration of
the quality of the environment in the broadest sense and thus improve the systems of sustainable agriculture.
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