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 Abstract. In recent years the focus has been on finding procedures in agriculture to satisfy 

the food requirements for a growing population and new technologies whose main purpose is to protect 

the environment. Mycorrhizas represent a symbiotic system that involves terrestrial plants and soil 

fungi. It is a beneficial-balanced process between plants and fungi, where the fungal hyphae colonize 

root of plants and increase the absorption process of nutrients. Fungi receive part of the metabolites 

produced through photosynthesis by plant. 

The aim of this review is to raise awareness over the importance of mycorrhizal mechanisms 

in grassland ecosystems. Researches have shown that grassland biomes have a high microbial and 

plant diversity, which stimulate the simultaneous presence of positive interactions in rhizosphere. Soil 

fungi interconnect all plant species and in addition improve their nutrition, with an increase in plant's 

ability to compete and reduction of abiotic stress. Mycorrhized plants benefit from better resistance 

against pathogens and limit the absorption of toxic elements, which fungi stores in vesicles. Besides the 

benefits to the plants, mycorrhizas are able to release nutrients in soil for other microbial communities, 

including their sporocarps which are a favorite food source for edaphic micro- and macrophages. The 

reduced anthropic activity in grassland ecosystems facilitate the development of extensive hyphal 

networks, that connect directly and indirectly a large number of species. Diversity of symbiotic fungal 

species can also be accounted within plant biodiversity. The analysis of root symbiosis is necessary for 

a large number of actions in grassland: assessment of phytocoenosis stability with the understanding 

of mycoheterotrophy level for each species; future expansion of invasive plants in relation with 

secondary and tertiary successions; integrative models of plant – microorganism – climate interactions 

and survival potential in new climatic conditions. 

Therefore, mycorrhizae play a very important role in the good development of plants and a 

more detailed study is needed to understand mycorrhizal mechanisms because they can be a biological 

source of rehabilitation and improvement of grassland ecosystems. 
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INTRODUCTION 

Grassland ecosystems have the highest microbial and plant diversity, which stimulates 

the simultaneous presence of positive rhizosphere interactions (CARLIER, 2009). Natural and 

semi-natural grassland plant communities are home to a much wider diversity of mycorrhizal 

fungi than arable soils (SANDERS, 1996). The presence of an extensive hyphal network in soil 

that connect a large number of species is a result of reduced anthropic activity in grasslands. 
Due to the benefits brought by mycorrhiza to plants, micro and macrophage soil and the 

environment, it is absolutely necessary to deepen studies on their mechanisms. The study of 

mycorrhizal functioning in natural and semi-natural ecosystems remains a challenge due to the 

high diversity of species that carry out these associations, the lack of specificity of symbiotic 

species and the formation of a common hyphal network that connects root systems of plants 

within the same species or different species. New methods of enhancing these interactions from 

the rhizome level can be discovered only if the processes underlying them are fully understood 

(RILLIG, 2004). Mycorrhizal mechanisms can fall into this category of positive interactions in 

the rhizome (LIN, 1991).The primary advantage of mycorrhizas is the biological anchoring 

directly at the root level, so that the risks are smoothed as the fertilizers decrease. 
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Symbiotic relationships between plant roots and fungi (mycorrhizas) have been 

recognized since the early 19th century and it is now clear that these symbiotic associations are 

the most widespread on the world map. Mycorrhizal associations are ubiquitous in ecosystems 

and species of interest in crops, grasslands and forests. Fungi are symbiotic in the roots of most 

terrestrial plants. A reduced number of fungal species form mycorrhizal associations with 

nearly 250.000 plant species (BRUNDRETT, 2009). These associations vary in structure and 

function but the most common interactions are arbuscular. It is estimated that the percentage of 

terrestrial plants that form this type of association exceeds 80% (SMITH, 1997) from 

angiosperms to gymnosperms. The symbiotic mechanism is given by the process by which the 

fungal hyphae adhere to the surface of the plant roots and colonize it. As a result of this 

process the plant enjoys a greater amount of water and nutrients, and at the opposite pole the 

fungus receives a part of the metabolites assimilated to the vascular plant through the process 

of photosynthesis. In addition to the main role, the supply of nutrients with host plants, 

mycorrhizal fungi intervenes in the circuit of the elements and in the decomposition of organic 

matter. (KYASCHENKO et al., 2017). Mycorrhizal plants are often more resistant to diseases, 

such as those caused by microbial pathogens present in the soil. These associations offer 

protection for plants both for above- and belowground pressors. Mycorrhizas can secrete 

enzymes that are toxic to soil organisms, such as nematodes (JUNG, 2012). Plants with this 

type of symbiosis have a higher capacity for drought resistance (NIKOLAOU, 2003) and also 

shows improved performance under saline stress conditions (PORCEL, 2012). Mycorrhizal 

symbiosis was also significantly correlated with soil biological fertility indicators, such as soil 

microfungi and bacteria (KAMINSKYJ, 2010). They can also play a protective role for plants 

rooted in soils with high concentrations of metal, such as acid and contaminated soils 

(RICHARDSON , 2000). 

 

DEVELOPMENT OF MICORRHIZAL HYPHAL NETWORKS 

The stability of mycelial plant-fungi networks depends on the ability of neighboring 

plants and plants to enter mycorrhizal associations with compatible fungal species. Such 

compatibility is governed by the specific potential of symbiont (BRUNDRETT, 1991). 
Mycorrhizal specificities exist along a continuous flow from low specificity (association with 

several partners) to high specificity (association with one or several partners). Establishment of 

mycorrhizal networks is given by the plant-fungal interactions but we cannot omit the 

influences of the abiotic factors (soil, climate) that interfere in this process. The specificity of 

mycorrhiza dramatically influences the dynamics of the plant community, especially the 

succession of plants (CHEEKE et al., 2019). Another role played by mycorrhizas is to 

incorporate small particles of soil into the fabric of the mycelium, forming new aggregates, 

which are more stable than larger aggregates (LEHMANN et al., 2017). The fungus secretes 

glue-like proteinaceous substances, a glycoprotein, which by its hydrophobic nature allows an 

increase in the amount of air in the air /water ratio (STOIAN, 2015). Another favorable aspect 

of this protein is the reduction of soil disaggregation due to moisture-drought cycles by 

delaying wetting. The result is the creation of a superior environment in terms of favorability 

for plant growth and development. The hyphae networks of soil fungi can extend from 2.7 to 

20.5 m per gram of soil, depending on the fungal species (GIOVANNETTI and AVIO 2004; 

MIKKELSEN et al., 2008). The ability to produce large, interconnected extracellular 

mycelium increases the absorption area of the fungi and feeding capacity, facilitating the 

translocation and flow of mineral nutrients from soil to host plants, resulting in increased and 

increased plant nutrition (FINLAY, 2008). These networks creates a continuous flow of 

nutrients with several host plants and different symbionts. 
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Mycorrhizal networks are strictly governed by the type of mycorrhiza (VAN DER 

HEIJDEN et al., 2015). In ectomycorrhizae, which have trees as photosynthesizing partners, 

the hyphal network covers the root (mantle) with the roof, and inside the root cells interfere 

with those of the fungal hyphae forming the Hartig network. It develops continuously in 

accordance with the growth of the root and limits the development of the absorbent growths 

resulting in a sheath that encloses the root tip. As new roots emerge, they are colonized by the 

hyphae that already exist in the roots, spores or mycelium that is in symbiosis with neighboring 

plants. A single Populus tremula tree hosted over 200 fungal species associated with the root, 

as well as dozens of individuals of the same species (BAHRAM et al. 2011). Another role 

played by the network of hyphae is carbon storage, received from the host plants following the 

photosynthesis process, in fast soil and in significant quantities, with estimates ranging from 50 

to 900 kg/ha (CLEMMENSEN, 2013). Due to the network of hyphae, the expansion of hyphae 

has formed mycoheterotrophy plants that can enjoy products of assimilation of the 

photosynthesis process without them being able to initiate this process. 

 

THE ROLE OF MYCORRHIZAS IN GRASSLAND COMUNITY 

Processes that regulate the composition and diversity of natural communities have 

been a central point in ecology (HAINES-YOUNG and POTSCHIN, 2010; LOREAU, 2010). 

The studies focused first on the biotic interactions between plant species occupying the same 

niche and the relationship of herbivorous plants, and secondly on the interdependence of 

abiotic factors plants. (HARTNETT, 2002). Plants that establish a symbiotic mycorrhizal 

relationship directly influence the coexistence of adjacent plant species, their relative 

abundances and diversity by changing the intensity of competition between plants 

(JORGENSEN and FATH, 2014). Given the interspecific differences between plants in terms 

of mycorrhizal effects on growth and competitive ability, any change in mycorrhizal 

colonization or symbiotic function will alter the effects and responses of plant species 

competition, leading to changes in dominance, coexistence and species diversity. 

An issue that has been raised on a large scale in recent years is the emergence and 

good development of invasive species from different ecosystems, but especially in grassland 

ecosystems, as these species have strongly developed associations with soil fungi and affect the 

native biodiversity of plants. One study indicates that the majority (approximately 82%) of the 

199 listed invasive plant species are associated with mycorrhizal fungi (WANG, 2006), which 

suggests that mycorrhizal plants may be related to plant invasion (DICKIE 2014). Therefore, 

understanding the mechanisms that contribute to plant invasion is essential for ecosystem 

conservation (DICKIE et al. 2017). According to another study in which or used as host 

species flax and sorghum are shown that mycorrhizal fungi play an important role in mediating 

both intraspecific and interspecific competition, by unequal allocation of mineral nutrients 

between plants of interest (AWAYDUL 2019 ). The governance of the plant community is also 

done through the specificity of the host plants vis-à-vis fungal symbionts and the stage of plant 

development. Colonization of the roots of different symbioses may act differently depending 

on the different phenophases of the plants (CRIȘAN, 2018). Given that there is competition for 

nutrients between plants of interest and weeds, root exploration is essential when some 

resources may be scarce and, consequently, stimulate mycorrhizal fungi colonization and 

sporulation. 

 

MYCORRHIZAS-MICROORGANISM COMMUNITY OF THE SOIL 

Stability of terrestrial ecosystems are determined by their biodiversity and the ecological 

mechanisms through species composition are regulated and maintained (VAN DER HEIJDEN, 
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1998). These mechanisms need to be identified to ensure successful management for the 

conservation and restoration of various natural ecosystems. Biodiversity in ecosystems is the main 

concern of researchers lately (MARON et al., 2018). In a narrower sense, the focus is on 

biodiversity of soil microbiota and their multitude of elementary processes: decomposition of 

organic matter, flow of nutrients, maintenance of soil structures. The soil is the most diverse and 

favorable environment for microorganisms, performing from the simplest function (foundation for 

plant fixation) to complex processes (decomposition of organic matter). Soil is the key to managing 

global environmental problems facing humanity, such as climate change, biodiversity loss and water 

management. Diversity of the mycorrhizal fungal community is considered to be a major 

contributing factor to maintaining plant biodiversity and ecosystem functioning (MOHAMMADI, 

2011). Mycorrhizae are considered key mediators that have the ability to influence soil functions 

and the activity of microorganisms. Their development area is a niche that hosts specific inhabitants, 

fungal hyphae and spores have long been recognized as important niches that can be colonized, both 

externally and internally, by certain bacterial classes, including Pseudomonas spp. and bacteria from 

families: Oxalobacteriaceae, Bacillaceae and Burkholderiaceae (HASSANI, 2018). Fungal 

exudates appear to play a specific role for microsphere colonization by stimulating bacterial growth 

or inducing changes in the bacterial community structure. In particular, the exudates produced by 

Rhizophagus irregularis fungus have been shown to stimulate bacterial growth and alter the 

bacterial community structure, which is marked by an increased abundance of several 

Gammaproteobacteria. (FILION, 1999). Analysis of bacterial soil community in the presence and 

absence of mycorrhizal fungi Glomus hoi was proved by a microcosm experiment, the significant 

effect of the fungus on the bacterial community structures was also observed and suggests that the 

nitrogen provided by the fungus is an important source for thus the bacterial community explaining 

its change (NUCCIO, 2013). It has been found that in the soil, the nutrient concentrations made 

available to the microorganism communities are higher near the hyphae and gradually decrease with 

the distance of the hyphae, thus creating a relatively small area from which the microorganisms can 

take up the nutrients (WILPISZESKI et al, 2019). In addition to the release of nutrients in the soil 

and that are finally made available to the community of edaphic mycorrhizalisms, mycorrhizal 

systems have a major implication in shaping soil pH. The efficiency of the fungal-plant association 

is determined by the adaptability of the fungal partner to a certain soil pH level. The pH affects both 

the germination of the spores and their development. The relationship between soil pH and 

mycorrhizal effects depends on the host species, soil type, phosphorus forms and the fungal species 

involved (BEGUM et al., 2019; CARRENHO et al., 2007). This process can govern the structure of 

the soil micro biota. 

 

MYCOHETEROTROPHIC PLANTS 

Mycoheterotrophyc plants are partially or wholly non-photosynthetic species, which form 

symbiosis with mycorrhizal fungi to meet their nutrient and energy needs (MERCKX et al., 2009). 
Plant gives carbon from photosynthesis, in exchange for the minerals acquired by fungi, which 

allows both partners to grow and complete their life cycles. There are over 400 species of fully 

mycoheterotrophyc plants and almost 20.000 partially mycoheterotrophyc plants (LEAKE, 2005). 

Initially it was thought that the mycoheterotrophyc plants feed directly on the decaying matter being 

considered long saprophytes, but analyzing their structure they did not present breakers but the 

hyphae from the root level could be noticed. Factors that limit the geographical distribution of 

plants are generally recognized as abiotic and biotic components, such as water, temperature, light, 

nutrients, pathogens and insects for pollination or seed dispersal (COX and MOORE, 2005, YUKI, 

2008). 
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Most mycoheterotropycs are completely underground for most of their life and these 

stages have consistent adaptations with a change in function from the absorption organs to the 

storage organs, they present an almost universal loss of rooting branches, shortening of the surface, 

in short cylindrical, vermiform and tuberous roots or, in extreme cases, complete suppression of the 

roots and formation of a tuber or swollen rhizome (LEAKE, 2005). The increased width of the root 

cortex often hosts mycorrhizal infection and deposits of carbohydrates and other materials obtained 

from the fungal symbiotic. Mycorrhizal infection is limited to the lower parts of plants, but can be 

found in modified stems as well as in roots. McKENDRICK (2000) performed a study in order to 

observe the influence of mycorrhizal fungi on germinating Corallorhiza trifida seeds, a 

mycoheterotrophyc species. The seeds were placed in the soil at different distances from the adult 

plants and near the trees. Germination took place within eight months of sowing under Betula-alnus 

and within seven months under Salix repens. It has been associated with the symbiotic process 

between mycorrhizal fungi, tree and mycobacterial plants.  

 

THE IMPORTANCE OF MYCORRHIZAS IN GRASSLAND ECOSYSTEMS 

 Grassland are one of the most complex agricultural ecosystems in Romania. Due to 

the fact that most applied management is extensive there is an exceptional biodiversity and 

indicate the need to focus future studies on their protection (HOPKINS and HOLZ, 2006; VAN 

OIJEN et al., 2018). The main causes that lead to the degradation of the grasslands are 

overgrazing, incorrect management, collection of wood for fuel, herbs for medicines, 

destruction of rodents, the return of new species and not least global warming. The contribution 

of grassland ecosystems has received more attention recently due to its large surface area, high 

carbon footprint and fragile properties that it presents to disruptive factors. According to the 

information, 25% of all carbon in the terrestrial biome is stored in pasture ecosystems 

(AKIYAMA, 2007). 

 Research on mycorrhizal associations in grasslands has focused on appreciating the 

important role of this symbiosis in the functioning and performance of plants from a wide 

range of terrestrial ecosystems (CHEN et al., 2018; CLINE et al., 2018). We now understand 

that the role of mycorrhizal fungi extends beyond the symbiotic acquisition of nutrients for the 

host and the mutual supply of carbon from the host to the fungus. Additional effects of fungal 

mycorrhiza on host plant functioning including increased disease resistance, improved water 

relationships, acquisition of other nutrients from the soil, and changes in soil physico-chemical 

properties. Other aspects of mycorrhizal ecology, including the variation of the costs and 

benefits of carbon and nutrient exchange, the ecological significance of mycelial networks, the 

role of mycorrhizal symbiosis in interactions with multiple species, and the extent and 

consequences of host specificity in these associations have also recently been explored. This 

ancient mutualistic symbiosis may be one of the most important, but least understood in terms 

of the interactions that regulate the structure of the plant community and its dynamics. 

Assessing the degree of dependence of mycorrhizal symbiont plants can be an important step in 

estimating the strength and sustainability of a species in natural ecosystems (STOIAN, 2016), 

so mycorrhizal mechanisms play a very important role in ensuring the perinity of plant species 

and in ensuring stability of the entire ecosystem. 

 

CONCLUSIONS 

Plants that carry out this symbiosis have an improved resistance capacity against 

pests, hydric and saline stress. Regarding the benefits to soil, mycorrhizal systems regulate the 

pH, interfere in the change of structure of the aggregates, the air-water balance, nutrient 

circuits and soil quality.  
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Mycorrhizal systems in the grassland ecosystems benefits from a greater diversity of 

soil fungal species that can be directly correlated with the diversity of the above-ground biota 

(plant species) as well as the belowground biota (communities of edaphic organisms). They are 

involved in the stability and structure of plant and microbial communities. 

Due to the major implications in carbon storage and accumulation of heavy metals in 

vesicles they can be widely used as biological source in remediation of different level of 

anthropic pressor.  

 Mycorrhizas play a very important role in the development of plants and a more 

detailed study is needed to understand the mycorrhizal mechanisms, as they can be a biological 

source of rehabilitation and improvement of grassland ecosystems. 
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