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The vast majority of natural ecosystems and agroecosystems are made up of high percentages of plants that form
mycorrhizal symbioses. Grasslands in a good state of conservation present a high abundance and diversity of
Glomeromycota species) capable of contributing to great ecological and environmental values due to their multiple
attributes and functional traits. Grassland ecosystems, where many late successional native plant species are highly
dependent on symbiotic interactions with AMF, are especially influenced by AM fungal associations.
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| 1. Introduction

Plants and soils are increasingly appreciated along the different terrestrial ecosystems as they support several ecosystem
services for high quality human life. However, anthropogenic activities have introduced fertilizers and pesticides in the
fields, modifying the biota in the different South American ecosystems . The vast majority of natural ecosystems and
agroecosystems are made up of high percentages of plants that form mycorrhizal symbioses. Arbuscular mycorrhizas
(AMs) are the ones that predominate in these ecosystems and they are formed by arbuscular mycorrhizal fungi (AMF,
Glomeromycota) that colonize the roots and absorption plant's organs, such as rhizoids W2E, |n South America, plants
with great economic importance for Argentina and Chile, wine-producing countries &, such as vineyards, increasingly
cultivated, as well as llex paraguariensis, “yerba mate”, native to South America, are associated with AMF B!, Crops such
as soybeans are also increasingly cultivated, as near half of the world’s soybean production arises from South America &,
and research on soybeans carried out in Argentina showed its colonization by AMF &9 |n Argentina, Faggioli et al. (19
also showed the high AMF diversity under soybean fields. As agricultural soils can benefit from microbial inoculants and
biofertilizers, plants with AMF associations can obtain sufficient supplies of phosphorus from soils in sustainable crop
production 4. Additionally, other components are the fungal endophytes, which provide nutrients (such as phosphorus,
iron, zinc, copper, etc.) from the soil to the plant and also protect the host. 12, These endophytes can be found in various
parts of the plant, such as branches, roots, and leaves [3l; however, they are not commonly detected in tropical grasses.
For instance, Brachiaria spp. from different pastures in Brazil presented 28 taxa of stem-associated endophytic fungi, 18%
of isolates belonging to 4 of the most common species 1. As Tyagi et al. 3] pointed out in their review, these endophytes
can be the answer to palliate the conventional farming practices as these are environment friendly microbial biofertilizers
that colonize the plant without damage. Endophytes rather help in increasing the growth of plants and also help in abiotic
and biotic stress tolerance in host plants. Natural grasslands (hereafter grasslands) are ecosystems where the
herbaceous vegetation type prevails, including grasses and other grass-like vegetation instead of pastures, are the
grasslands managed by means of cutting or cattle-grazing 24 Globally, the great terrestrial ecosystem’s area is
grasslands, covering ca. 40% of the Earth's surface 2I: they are found on all continents except for Antarctica, in a wide
range of climates, and on a wide range of soil types. Furthermore, grasslands are overgrazed, and, consequently, soil
erosion and weed encroachment are common ecological problems affecting them. Thus, many of the world grasslands
are ecosystems functionally impoverished and present degraded conditions 18 Additionally, pastures are the basic
worldwide resources of feed for livestock, and in humid zones, mixed farming systems of managed grasslands supply
over 90% of the milk, 70% of the sheep and goat meat, and 35% of the beef. Currently, it is estimated that 26% of the
terrestrial surface of the Earth and 70% of the world agricultural lands are covered by grassy ecosystems or grasslands
sensu lato (i.e., natural grasslands and pastures), providing support to over 800 million people. Pastures are the principal
source for livestock feed, a wildlife habitat, an environmental protection tool, an important in situ conservation of carbon
storage, water, and plant genetic resources. Around the world, grasslands and pastures are threatened ecosystems; they
are at degradation risk due to the rapid population increase, together with the climate change effects, which have
negatively pressured them, affecting more strongly arid and semi-arid environments 4. Moreover, grasslands and
pastures are important to people due to the fact that they are important providers of different ecosystem services (ESs)



(14 Bjodiversity is an important factor involved in the ecosystems functioning, and consequently, an essential link in the
provision of ESs R8I Health and quality of soil ecosystems are directly involved in agronomical practices, and soil
microbial communities play an important role in soil sustainability 2%, Among soil microorganisms, AMF and bacteria [21]
are proposed as the key organisms for soil sustainability due to their capability to promote soil biodiversity and functioning
(221 Furthermore, AMF are a key functional group of the soil biota involved in agricultural grassland’s management and
productivity with potential capabilities for sustainable production by ESs [23l. However, the effects of herbivory on AMF are
controversial due to their responses to grazing are context-dependent, directly related to the carbon flux within the plant-
AMF-soil system, to the intensity and extent of grazing over time, to the mycorrhizal dependence of the grazed plant’s
species, and to the adaptation of AMF and their host plants to grazing [241251[26][27][28]

In general, the natural grasslands of South America have grown on soils with low fertility 22, except for the Pampas of
Argentina, southern Chile, and the southern portion of Uruguay. Furthermore, the environmental features of most of the
South American regions occupied by grasslands are highly vulnerable to excessive use B, As early as 1993, it had been
warned that the “extent of the degradation process of these savannas could be larger than in other savannas of the world.
Their fragility would reflect also less resilience due to the weakness of the natural resources and the abusive utilization”
Bl This erosive problem has also been observed by Modernel et al. 22, who emphasized the negative effect that it
entails for the provision of ESs of these biomes. Globally, six major areas of livestock concentration were observed,
namely the Central and Eastern United States, Central America, Western and Central Europe, India and China, and South
America, South Brazil, and Northern Argentina (331 Moreover, native grasslands in the Pampas and Campos in Argentina,
Brazil, and Uruguay in southern South America have produced beef cattle since the 16th century. These grasslands
provide feed for 43 million cattle heads and 14 million sheep, with small external input additions. In a meta-analysis
conducted using published and secondary data between 1945 and 2015, Modernel et al. B2 have examined the ESs
provision and its relationship with land use changes by these grasslands that are considered biodiversity hotspots. In the
Pampas and Campos, they have registered 4000 native plant species, 300 bird species, 29 mammal species, 49 reptile
species, and 35 amphibian species inhabiting the biome. However, and surprisingly, fungi, and especially AMF, have not
been considered in that meta-analysis despite the biodiversity survey being carried out exhaustively.

Data from the Southern Hemisphere are scantly represented among global biodiversity studies; particularly, fungal and
mycorrhizal fungi and their symbioses are underrepresented 24133l This biodiversity information lacks in contradiction to
the high biodiversity of South American hotspots and ecosystems still understudied and which need to be conserved 8.
In addition to the above, when the scientific production of South American mycorrhizal biodiversity was analyzed, Brazil
had the higher number of publications on those issues, followed by Argentina BZ. These countries represented the higher
number of available data on mycorrhizal associations and their biodiversity to be used as data sources. Argentina and
Brazil are the South American countries that present more publications related to plant and mycorrhizal associations 27
(28] and the main number of studies also in AMF diversity 9. However, the relationship between AMF, cattle raising, and
grasslands remains unexplored.

| 2. Grasslands and Pastures

The vegetation types with prevalence of Poaceae grasses and other grass-like vegetation are considered natural
grasslands or grasslands, and the those managed for cutting or cattle-grazing are named pastures. Grasslands present
great ecological, economic, and social values 18 but continue to receive limited scientific attention. The microbiota
associated with grassland vegetation was also under-investigated in the past time #%; however, during the last five years,
the interest in studying these plant-microbe interactions has been promoted “1M421431[44]45]146] Among the microbiota
associated with the grassland plant species, the AMFs represent important components interconnecting soil and plants
through the hyphal networks and secreted substances, such as glomalin, useful to the restoration and sustainability of
these for these valuable ecosystems at risk 421,

Earlier, Modernel et al. 32 and recently Bengtsson et al. 48 Jisted those ESs provided by natural and semi-natural

grasslands, from South America, Africa, and Europe such as those related to soil organic carbon stock, climate change
mitigation, water provision, nutrient cycling and erosion control, including fodder production, cultural, connected to
livestock production, and population-based regulating services (e.g., pollination and biological control) which are
connected to biodiversity. They also showed that these grasslands can supply additional non-agricultural services, such
as water supply and flow regulation, carbon storage, erosion control, climate mitigation, and cultural ESs.

Three major types of grasslands can be distinguished within agricultural production systems: natural, semi-natural, and
improved grasslands 259 Then, Franzluebbers et al. Bl reviewed the agronomic and environmental impacts of
pastures and crop rotations in South America, showing the benefits of pastures grown before crops, such as



enhancement of soil organic matter in the soil surface with perennial pastures, improvement in water infiltration and water
quality, and synergies between crop and livestock systems. Thus, more studies are needed on the management of
grasslands for fodder and meat production. Nowadays, pastures have obtained increasing importance worldwide due to
the need of sustainable management for increasing their productivity. There is also much interest to improve grassland
resilience under environmental alterations B2, Several reports showed that pasture species were highly mycorrhizal
dependent 31, Moreover, spore density can be low in intensively managed pastures, but fungal richness can be high in
semi-natural pastures compared to native grasslands and forests, which are usually used as a reference of pristine
ecosystems.

| 3. Mycorrhizal Symbioses in Temperate Grasslands and Pastures

Higher species richness (42 AMF species) was recovered from seminatural subtropical pastures in Portugal 24, However,
only two species were shared between subtropical and tropical pastures. Notably, Scutellospora calospora was a common
species in pastures. In general, other species are frequently found preferentially in native forests, such as Acaulospora
lacunosa B4, Acaulospora spinosa, Ambispora brasiliensis, Dentiscutata heterogama B2, Under intensively managed
pastures, some AMF, such as Claroideoglomeraceae, dominated soils 4. Pastures grazed by domesticated livestock and
products from cows are crucial for milk and cheese production 281,

Grasslands in a good state of conservation present a high abundance and diversity of Glomeromycota species 2758l
capable of contributing to great ecological and environmental values due to their multiple attributes and functional traits.
Grassland ecosystems, where many late successional native plant species are highly dependent on symbiotic interactions
with AMF 531 are especially influenced by AM fungal associations. Although AMF have been more extensively studied in
temperate grasslands compared to any other biomes 2 “temperate grassland” is a broad classification that
encompasses many different ecosystem types, such as tallgrass prairies or shortgrass prairies with distinct plant and
fungal communities that may respond differently to perturbations. The C for nutrient exchange dynamics between plant
hosts and AMF has been well described in highly controlled systems (e.g., laboratory, greenhouse, agronomic blocs) €%
[61162] and in field experiments focused on one or two grass species [63I64I63166] However, monoculture or species-
specific responses are not readily scaled to diverse grasslands. Due to their importance in plant-nutrient cycling and the
differential nutrient distribution patterns between AMF taxa €4, an ecosystem-scale understanding of the drivers of AMF
distribution patterns is needed (€8],
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