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Abstract

Evolution of plant communities in grasslands is tightly connected to the micro 
flora adapted to these ecosystems. Oscillation of nutrients and climate created the 
premises for the development of symbiotic mycorrhizal associations, with role in the 
efficient transfer and transposal of resources across the ecosystem. Domination of 
Festuca rubra species in the community is due to the increased association potential with 
mycorrhizal fungi, by exploring expanded soil areas through radicular extension. 
Specificity for a high number of Glomeromycotan taxa maintains the species’ 
performance and dominance en in secondary succesional stages. The phenomenon is 
based on a high mycorrhization capacity even at the early stages of development. In the 
same time, the fungal strategy is oriented towards transferring a limited quantity of 
resources to plants, while maintaining the dominance in the ecosystem in acceptable 
limits, thus avoiding an absolute dominance. 
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INTRODUCTION 

Grasslands are heterogeneous 
ecosystems that occupy expanded 
areas in the world, with increased 
biodiversity and strong dynamics of 
interactions intra and inter-specific 
(SUN et al., 2013).  
Multifunctionality of natural 
grasslands is discovered in the 
carbon storage role, preventing 
erosion, habitat for a high number of 
species and natural accumulation 
reservoirs for nitrogen (CARLIER et 
al., 2009). Temporary evolution of 
grassland ecosystems allowed the 
development of complex 
associations with soil microbial

communities, stimulating at the same 
time the emergence of climax 
(REYNOLDS and HAUBENSAK,
2009). In the microbial community, 
one of the responsible factors for 
maintaining the actual diversity of 
plants is the association with 
mycorrhizal fungi, the most known
being those of vesicular-arbuscular 
type (BUSCOT, 2015). Between the 
plants and the fungi a reciprocity 
relationship was developed, the 
coexistence and efficiency of 
association being responsible for the 
assemblage of communities at 
ecosystem level (GAI et al., 2009). 
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Colonization emergence is a 
physiological manifestation based on 
the plant’s capacity to associate with 
the soil fungi, the symbiotic 
specificity increasing the 
compatibility level (BRUNDRETT, 
1991).
Associations may develop at lower 
specificity levels, with a high 
number species forming fungal 
associations, or at increased 
specificity levels, when connections 
grow between one or a reduced 
number of hosts (CAIRNEY, 2000). 
Ecological specificity depends on 
soil characteristics, plants spatial 
pattern inside the community and the 
associative co-evolutional period 
(HEIJDEN et al., 2015). Species 
succession in the community is a 
phenomenon strongly influenced by 
the mycorrhizal status, the plants 
installed in secondary succession 
stages use the hyphal networks 
developed in the primary stages 
(SHAH, 2014). 

Mycorrhization morphology 
varies highly between species, due to 
the roots growth and development 
characteristics and ramification 
pattern (REWALD et al., 2012). 
Mycorrhizal development in the 
rhizosphere, installation as 
symbionts in the root system and the 
elevated exploration potential of the 
soil lead to the extension of 
rizosphere as a concept, and the 
spatial and qualitative 
supplementation of the 
mycorrhizosphere (TIMOEN and 
MARSCHNER, 2006).
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Internal interactions of communities 
are more dynamic at species level; 
these coming into direct contact with 
the organisms in close vicinity, and 
the effect of this contact are then 
reported at the entire ecosystem level 
(ILLIAN et al., 2009). 
Mycoheterotrophy is a phenomenon 
resulting of the plant’s adaptation to 
the completion of nutrient reserves 
from fungal sources, through 
connecting to hyphal networks 
developed in the soil (GORZELAK 
et al., 2015, MERCKX, 2012). 
Appreciation of mycoheterotrophic 
level of a plant is correlated with the 
functioning of mycorrhizal 
symbiotic system installed in the root 
cortex (FINLAY, 2008). 
Festuca rubra species is an exponent 
of adaptability to a large variation of 
environmental conditions, 
dominating the grassland ecosystems 
managed through low-input 
(PĂCURAR and ROTAR, 2011). 
Phytocoenosis in which this species 
is dominant is heliophile, 
microtherm, medium-xerophilous, 
weak acidophilus and oligotrophic 
(PĂCURAR and ROTAR, 2014). 
The environmental conditions, 
especially the reduced reserve of 
nutrients in the soil have created the 
evolutional circumstances for the 
association of this species with 
mycorrhizal fungi, to access the 
necessary resources required for 
growth and development. 

Colonization impact and the 
mycorrhizal benefits in the 
ecosystems economy  
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Festuca rubra has an increased 
association potential with a 
mycorrhizal specific community 
(VANDENKOORNHUYSE et al., 
2003), allowing it to enhance the 
access to nutritive resources within 
the soil, which leads to the plants 
dominance inside the community. 
Plants invest in the development of a 
complex root system for accessing 
the nutritive resources in the soil. 
Even at the early evolutional stages, 
the necessity and opportunity to 
integrate in microbial communities 
appeared in the rhizosphere for 
expanding the soil exploration 
potential in search of plant 
demanded resources (SEN, 2005). 
For an opposite perspective, a large 
number of microorganisms have 
evolved, in ecosystems, towards a 
higher interaction potential with 
radicular systems (HARTMANN et 
al., 2009). These micro-evolutionary 
phenomena are stronger in the 
natural ecosystems, deficient in 
nutritive elements.
Mycorrhizas enhance the explored 
area, through expansion of hyphal 
networks in the soil, the small 
diameter of the hyphae allowing 
development between the shallow 
soil particles, and access to areas 
otherwise unreachable for the plants 
(JOHANSSON et al., 2004). At 
ecosystem level, the degree of 
mycorrhization in root system is a 
good indicator of species 
performance within the canopy 
(BERNHARDT-RÖMERMANN et 
al., 2009). Once the mycorrhizal 
association capacity is obtained, at 

root level, a series of morphological 
changes take place, leading to an 
abundant ramification of the 
secondary roots (HODGE et al.,
2009). 
For Festuca rubra the association 
with mycorrhizas produces an 
enhancement of subterranean 
biomass, which leads to a better 
performance in the ecosystem 
(KEMPEL et al., 2010). At the same 
time, mycorrhizal presence in the 
radicular cortex of red fescue is 
correlated with a high phosphorus 
concentration, due to the 
phosphatase increased activity (LI et 
al, 2012). Phosphatatse holds the 
highest percentage in phosphorus 
absorption by gramineous plants    
(BÜNEMANN et al, 2010), offering 
the plants an advantage inside the 
ecosystem. The colonized plants
own a higher percent of cover, with 
an increased regeneration capacity 
after exposure to the hydrological 
and thermal stress, compared to the 
un-colonized plants (SUN et al., 
1993). From a forage perspective, 
the plants infected by radicular 
symbionts maintain for a longer 
period the nutritive qualities, the 
fungi actually feeding constantly the 
plant with nutrients which delay the 
ripening (ZABALGOGEAZCOA et 
al., 2006). Symbiotic colonization at 
Festuca rubra with Epichloë 
festucae enhances the resistance to 
grazing, at diseases atack, better 
tolerance to aluminum toxic levels 
and young plants survival, increasing 
the plants competition capacity 
during vegetation period 
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(VÁZQUEZ-DE-ALDANA et al., 
2013). In high zinc toxicity 
conditions inside the ecosystem,
mycorrhizas might mitigate the 
negative effects over plants 
development, without reducing the 
concentration in roots and stem 
(KHADE and ADHOLEYA, 2007). 
The impulses induced by 
mycorrhization act towards a better 
producing of metabolites and their 
export in the rhizosphere (DRIGO et 
al., 2009), which indicate the 
connecting role of mycorrhizas 
between plants and the community 
surrounding the roots. The balanced 
import of nutrients in soil manages to 
increase the degree of mycorrhizal 
association, detaining the radicular 
system to over-develop and the 
absorption process transfer 
especially to the fungal symbionts 
(VIDICAN et al., 2013). 
Synchronized with the colonization 
development, during the vegetation 
period takes place a gradual increase 
of nutritive element absorption, with 
high values at the peak of vegetation  
(SANDERS and FITTER, 1992).
Changing the management of 
grassland ecosystems stimulates the 
installation of Festuca species as 
dominant, plants performance in the 
phytocoenosis being sustained by the 
high association potential with a 
large number of mycorrhizal fungi 

(SCHNOOR et al., 2011). At genre 
level, a transfer phenomenon of 
organic carbon is visible, taking 
place through hyphal networks, to 
other plants in the community (VAN 
DER HEIJDEN and HORTON, 
2009). By exploration, the 
mycorrhizas possess the role of 
regulator to the substances transfer in 
the ecosystem, limiting the resources 
change between the dominant 
species, as a measure to prevent the 
installation of an absolute 
dominance. Invasion of species in 
the ecosystem benefits most of the 
time to the dominant Festuca
mycorrhizal networks, the fungi 
maintaining the colonization 
capacity but reducing the expansion 
of hyphae in root cortex (ENDRESZ 
et al., 2013). 

The Glomeromycotan
strategy is oriented towards 
enhancing the diversity of radicular 
exudates, along with the growth of 
plant community, rather than 
retaining the existent metabolite 
range. Simultaneously with the 
diversification of metabolic 
products, in grassland ecosystems a 
more efficient resource usage takes 
place, by associating with 
mycorrhizas, which leads in time to 
the establishment of succession 
stages closer to climax (LÜSCHER
et al., 2004).

CONCLUSIONS

Dominant plant association with 
mycorrhizas ensures the equilibrium

conservation in the grassland 
ecosystems. 
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The transfer of nutritive elements to 
and from the dominant Festuca
species stimulates the efficient 
allocation of resources throughout 
the entire ecosystem, thus avoiding 

diversity losses. In mycorrhization 
conditions, Festuca rubra species 
gain an increased competition 
potential, even from the early stages 
of development.
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