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Abstract  
Mycorrhizal fungi are symbionts in most of evolved plants roots. These 

associations vary regarding structure and function, but the most common interactions 

are those of vesicular-arbuscular type. It is estimated that most of terrestrial plants form 

this type of associations, including many cultivated species. An important role of these 
associations is to decrease the input from management system of farms, to optimize 

nutrition cycles – whit a minimum negative ecological impact. Depending on their 

development in root system, mycorrhizas are divided into two categories: ecto- and 
endomycorrhizas. The benefits of mycorrhizal associations are found both in the 

colonized plants and in the ecosystems where they live. In most types of mycorrhiza, the 

carbohydrate movement takes place from the host plant to the symbiotic fungus. Mature 

eco-systems are characterized by a permanent and cyclic movement of the elements 
between the biotic and abiotic parts of which they are composed. Mycorrhizas are able 

to regulate the composition and functioning of plant communities by allocating nutrients 

inside the entire ecosystem. 
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INTRODUCTION  
 

The roots of vascular plants 

are in intimate contact with a 

substrate that can be soil, water or 

bark, and thei functions and 

development are influenced by many 

biotic or abiotic factors.  

A complex of 

microorganisms occupies a variety 

of niches in this substrate and this 

affects the roots and thereby the 

performance of plants.  

The most common organisms 

associated with plants are fungi 

adapted to soil life, which form root-

fungus associations, called 

mycorrhizas (Peterson, 2004). 

Mycorrhizal fungi are symbionts in 

the roots of most of the evolved 

plants.  

These associations may vary 

in structure and function, but the 

most common interactions are 

vesicular-arbuscular (VA) type. It is 

estimated that the percentage of 

terrestrial plants that form this type 

of association exceeds 80% - 

including many cultivated species 

(Harley and Harley, 1987).  

Hyphae and arbuscles have 

been reported in the Aglaophyton 

fossils found Rhynie chertsite, which 

places the existence of vesicular-
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arbuscular symbiosis during the 

Early Devonian (about 350-460 

million years ago), which 

demonstrates that these symbiosis 

contributed to successful land 

colonization by plants (Remy et al., 

1994). Vesicular-arbuscular fungi 

represent a critical component in 

agricultural systems as they can 

influence plant growth (Smith and 

Read, 1997), reproduction ability 

and rate (LU and Koide, 1994), 

tolerance to drought stress (Gupta 

and Kumar, 2000; Subramanian et 

al., 1995) and plant health through 

antagonistic and competitive effects 

(Gange and West 1994).  

In soil, vesicular-arbuscular 

fungi develop an extensive network 

of hyphae around the root system of 

plant, which is significant in terms of 

contributing to the improvement of 

soil texture and water/nutrients 

fluxes (Bethlenfalvay and Shuepp, 

1994).  

.

 
MYCORRHIZAL MORPHOTYPES 
 

Depending on their 

development in root system, 

mycorrhizas are divided into two 

categories: ecto- (EC) and 

endomycorrhizas (EN). EC are 

symbiotic associations between 

woody plants and fungi, usually 

present in forests and visible with the 

eye. In this morphotype the fungal 

hyphae cover the root, but do not 

penetrate the root cells (Peterson, 

2004). Plant species are generally 

trees and shrubs of the genus Abies, 

Cedrus, Picea, Pinus, Alnus, Betula, 

Carpinus, Acacia, Fagus, Quercus, 

Populus, Salix (Brundrett et al., 

1996). The fungal species involved 

in the EC are generally 

macromycetes present in forest 

ecosystems. Approximately 5500 

species of fungi are able to form 

ectomycorrhizas, and 80% of these 

develop their reproductive structures 

at the soil surface. All species of the 

Boletaceae and Russulaceae families 

are capable of symbiosis, and from 

other families are more 

representatives the genera Laccaria, 

Amanita, Rhizopogon and Suillus 

(Brundrett et al., 1996). The roots 

colonized by ectomycorrhizal fungi 

are easily distinguished from the 

non-colonized roots in the soil layer 

under the crown of the trees (figure 

1). Structural characteristics specific 

to EC type are: the mantle covering 

the surface of the roots, the hartig 

network developed between the root 

cells and the extraradicular 

mycelium (figure 2). From the 

perspective of the root branching due 

to the influence of colonizing fungi, 

it can be obtained a series of models 

ranging from unbranched, 

monopodial and dichotomic 

ramifications, irregularities 

(pendulous or coralloid) to tuberous 

branches. EC species sometimes 

form extraradicular complexes in the 

shape of cords or tufts, which vary 

considerably both as morphology 

and as internal structure and color.  

Romanian Journal of Grassland and Forage Crops (2017)15



 

89 
 

 

  
Fig. 1. Ectomycorrhizal roots of Picea abies 

 
Fig. 2. Extraradicular mycelium in roots of Picea abies 

 

Each hyphal complex 

(rhizomorph) consists of a variable 

number of individual hyphae 

interconnected by different 

mechanisms. In section, complex 

rhizomorphs present one or more 

extended central hyphae which have 

a series of modified septa to 

accelerate the circuit of water and 

nutrients. The peripheral hyphae 

have thickened and pigmented walls 

and are involved in supporting the 

structure of rhizomorph and the 

eduction of water losses (Peterson, 

2004). 

EN does not form a mantle 

around the roots and do not generally 

have a well-developed extraradicular 

yphal complex. It does not form 

sporocarps, usually developing a 

series of spores that remain in the 

soil around the roots. The 
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intraradicular phase consists in the 

development of hyphae among the 

cortical cells that can be penetrated 

in some cases. In the case of 

intracellular colonization, the 

hyphae do not penetrate the 

membrane of the host cell, being 

invaginated by it. The main types of 

EN are orchid (OE) and VA.  

Orchid endomycorrhizas are 

symbiotic associations, which play 

an essential role in the seed 

germination process and the 

installation of newly plants on 

nutrient substrate, having specific 

intracellular morphogonal structures 

– pellotones (Lee, 2002). Plant 

species belong to the family 

Orchidaceae, one of the largest plant 

families (over 17000 species) 

present in ecosystems worldwide. 

The variety of living environments to 

which they are adapted (terrestrial, 

epiphytic), poor supply of nutrients 

in endosperm of seeds and lack of 

chlorophyll (in certain species) have 

transformed the species of this 

family into obligate partener for 

symbiotic associations with 

mycorrhizal fungi to access nutrient 

sources (Peterson, 1998).  

The fungal species involved 

in the OE symbiosis are usually the 

anamorphic or telemorphic forms of 

some pathogens, capable of 

stimulating the germination of seeds. 

The autotrophic orchids (capable of 

photosynthesis) are associated with 

the anamorphs of some fungi within 

the genera Ceratorhiza, Moniliopsis 

(the corresponding teleomorphs 

being the genus Ceratobasidium, 

Thanathephorus), and Epulorhiza 

with Tulasnella and Sebacina 

telemorphs (Rasmussen, 1995). The 

mico-heterotrophic (non-

chlorophyll) orchids are nutritionally 

dependent on association with a 

series of fungi, recognized as EC, the 

most important genera being 

Russula, Telephora and Tomentella. 

Association is necessary because the 

fungi are the bridge for transfer of 

synthesized substances within 

photosynthesis from autotrophic 

partners (colonized trees) to 

heterotrophic partners (orchids) 

(Rasmussen, 1995). Incipient 

colonization takes place at the 

contact of hyphae with seeds, when 

hyphae penetrate the embryonic cells 

forming peloton inside them.  

Most cells are colonized, 

except for those from which the 

apical meristem shoots will grow. 

Hyphal loops are separated from the 

cytoplasm of the host cells by a 

peripheral membrane created 

through the modification of the 

plasma membrane. Hyphae pass 

from one cell to the other (figure 3), 

dissolving the cell walls with 

hydrolytic enzymes; the diameter of 

the intracellular hyphae is much 

lower compared to that of the 

pelotons. 
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Fig. 3. Colonizing hyphae in root of Dactylorhiza majalis 

 
Fig. 4. Arum type arbuscule in root of Trifolium repens 

 
Fig. 5. Paris type arbuscule in root of Festuca rubra 
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Root-VA fungi associations 

- are defined by three components: 

the root, hyphal system from soil, 

and hyphal system inside the root 

apoplast. The two fungal systems 

provide the interfaces with a crucial 

role for symbiotic assimilation of the 

nutrients by partner organisms and 

for their growth and development in 

different environments (Stoian et al., 

2016). The first interface has a very 

large variability, influenced by soil 

heterogeneity, while the second 

interface is relatively constant and 

controlled by root homeostasis. 

Hyphal system developed by fungus 

in soil is involved in the search for 

new host plants and in the 

procurement of the nutrients 

necessary both for plant and fungus, 

while the intraradicular interfaces 

deal with the transfer of nutrients 

among the symbionts (Smith and 

Read, 2008). There are two types of 

colonization, differentiated by the 

internal anatomical structures that 

the VA fungi can produce. The 

"typical arbuscular mycorrhiza" is 

Arum (figure 4).  

In these associations the 

fungus spreads relatively rapidly in 

the root cortex through hyphae that 

extends along the air-filled 

intercellular spaces. The lateral 

branches penetrate the walls of the 

cortical cells and divide 

dichotomically into the lumen of the 

cell to produce very branched 

arbuscles. Hyphal loops can also be 

formed during the penetration of the 

root, but they are not a fundamental 

component of cortical colonization. 

The second type of mycorrhiza, 

Paris, is characterized by an 

extensive development of the 

intracellular hypha loops within 

colonized cortical cells; hyphae 

spread directly from one cell to 

another (figure 5). Arbuscules-like 

branches grow from these loops, but 

they have a reduced intercellular 

development. 
 

BENEFITS OF MYCORRHIZAL SYMBIOSIS 

 

The benefits of mycorrhizal 

associations are found both in the 

colonized plants and in the 

ecosystems where they live. In most 

types of mycorrhiza, the 

carbohydrate movement produced 

during photosynthesis is from the 

host plant (the autotroph partner) to 

the symbiotic fungus (the 

heterotroph partner). In the case of 

the absorption of nutrients from the 

soil, the transfer has an inverse 

direction, from the fungus to the host 

plant (Jakobsen 1999). The 

contribution of VA fungi to the 

assimilation process is the 

absorption of nutrients (especially 

phosphorus) from soil, using 

extraradicular hyphae – especially in 

those parts of the soil where the plant 

roots had no access. Hyphal system 

formed by fungus act similarly to a 

secondary (artificial) root for plant 

and exceeds plant expansion 

possibilities by 10 to 100 times more. 

The fungus produces extracellular 
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phosphatases for the mineralization 

of organic phosphorus (KOIDE and 

KABIR 2000). Also, mycorrhizas 

increase the plant access to elements 

such as copper, zinc, magnesium, 

cobalt and manganese (less mobile 

ions) by absorbing them and 

secondarily assimilate these 

elements and store them which leads 

to a decrease in their toxicity plant 

(Liu et al., 2000). 

VA associations increase the 

accumulation of nitrogen in the 

tissues of the host plant as a result of 

hyphal absorbtion. An important role 

is to reduce inputs from farm 

management system, optimization of 

nutrition cycles – with minimal 

environmental impact – ensuring 

increased and stable yields. 

Therefore, these fungi must be 

regarded as an indispensable 

component of any sustainable 

farming system.  

The process of colonization in 

roots by symbiotic fungi is 

characterized by several distinct 

stages involving complex 

morphogenetic changes of the 

fungus: spores germination, hyphae 

differentiation, appressorium 

formation, root penetration, 

intercellular development, 

arbusculesr formation and nutrient 

transport.  

Fungi are obligate biotrophs 

(they get their food from the tissues 

of another living organism) and the 

end of their life cycle depends on 

their ability to colonize living plants 

(Becard and Fortin, 1988; Douds et 

al., 1998; Mugnier and Mosse, 1987; 

Pawlowska et al., 1999, Pfeffer et 

al., 1999).  

Mature eco-systems are 

characterized by a permanent and 

cyclic movement of the elements 

between the biotic and abiotic parts 

of which they are composed. 

Mycorrhizas have the role of 

regulating the composition and 

functioning of plant communities by 

allocating nutritional resources and 

influencing the growth of the plants 

they interact with. 

.

FACTORS INFLUENCING THE FORMATION OF MYCORRHIZAL 

SYMBIOSIS 

The occurrence of mycorrhizal 

symbiosis is influenced both 

quantitative and qualitative by 

various biotic and abiotic factors. 

Biotic factors include host genotype 

and interactions with soil bacteria 

and abiotic factors are the 

temperature, pH, light and salinity of 

soil. The influence of the host's 

genetic factors is very important for 

the initiation of colonization, and 

along with these factors, the root 

structure and morphology plays an 

important role in the formation of 

symbiosis.  

The effectiveness of symbiosis 

within the same species may vary 

depending on the soil in which is 

located the respective species (e.g. 

pH changes). The physiological and 

anatomical features of the host plant 

influence how colonization takes 
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place; therefore plants dependent on 

a large amount of phosphorus are 

more susceptible to colonization 

with mycorrhizas than the least 

demanding (Koltai and Kapulnik, 

2010). Depending on the amount of 

root hairs possessed by plant, 

colonization may be more or less 

effective. Light – the energy source 

of symbiont fungus is in the plant 

and depends directly on how it 

performs its photosynthesis process 

and its ability to translocate 

photosynthesis products to the root 

(Varma, 2008). Lack of the light 

source produces a restriction of plant 

for the development of fungus, 

sporulation does not take place, and 

the extent of the mycelium in soil 

and root is reduced. In terms of 

spores germination processes, root 

penetration by hyphae and their 

proliferation within cortical cells, 

temperature can be a limiting factor 

(Gavito et al., 2005). Also, the 

effectiveness of fungal-plant 

association is determined by the 

adaptability of fungus to a certain 

level of soil pH, a factor that affects 

both germination of spores and their 

development. The relationship 

between soil pH and the effects of 

mycorrhizal fungi depends on host 

species, soil type, phosphorus forms 

and fungal species involved (Koltai 

and Kapulnik, 2010). 

High concentrations of 

phosphorus in soil reduce or 

eliminate mycorrhizal colonization, 

the reason being the easy absorption 

of nutrients from soil, so the 

prerequisites for symbiosis are 

eliminated as the plants manages to 

ensure the entire quantity of nutrients 

without the fungus (Mukerji et al., 

2006; Vidican et al., 2016). On the 

spores, the effect of high phosphorus 

concentration act to reduce the 

growth of germination tubes, 

affecting the initiation of 

colonization, as well as the 

production of radicular exudates 

with the role of stimulating the 

proximity of the root branches; 

similarly the growth of 

extraradicular mycelium and 

intracellular arbuscules are reduced. 

The final effect is the reduction of 

colonization - both primary and 

secondary. 

CONCLUSIONS 

 

Mycorrhizas are critically 

symbionts in ecosystems, 

interconnecting the roots of superior 

plants in complex nutritional 

networks.  

Extraradicular developed 

hyphae systems are designed to 

increase the surface area of 

absorbtion for host plant and the 

intraradicular systems increase the 

transfer rate to the host.  

The mycorrhizal morphotypes 

are adapted to a wide range of biotic 

and abiotic conditions, mycorrhizas 

being present as symbionts in any 

terrestrial ecosystem.
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