
 

Romanian Journal of Grassland and Forage Crops 2014(10)                                                      95 

 

PROGRESS OF MYCORRHIZAL FUNGI IN ROOTS OF 

FESTUCA RUBRA, IN A CONTROLLED ENVIRONMENT 

 
Roxana VIDICAN

*
, STOIAN V.

*
, ROTAR I.

*
, PĂCURAR F.

*
,  

MOREA Adriana
* 

 

Abstract 

 
Mycorrhizal fungi have an important role in the regulation of nutrient 

transfer processes in natural ecosystems, creating hyphal networks between the 

roots of the plants they colonize. 
Cluster analysis can provide a realistic image of colonization in the root 

system of Festuca rubra plants, grouping the sequences being made based on 

average values of frequency correlated with the values of intensity and 
arbuscules. 

The colonization of root system of the plants of Festuca rubra is composed 

of a stage marked by a process of storage of nutrients and a shallow 

colonization, respectively a stage characterized by nutrient transfer processes 
and extension of intra-radicular hyphal network. 
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INTRODUCTION 

 

Mycorrhizal fungi are 

symbionts in the roots of most 

evolved plants. These 

associations vary in structure and 

function, but the most common 

types are vesicular-arbuscular, 

the current estimate of the 

percentage of land plants that 

form such associations exceeding 

80% and this includes many 

cultivated species, colonized 

plants have a development at 

least three times faster than the 

uncolonized ones (TRESEDER, 

2013, STOIAN, 2011). 

The main benefit for the 

host plant, in mycorrhizal 

symbiosis, is the increase in 

assimilation of immobile 

nutrients, especially phosphorus 

(KAISER et al., 2014, 

JAKOBSEN, 1999). Vesicular-

arbuscular type associations 

increase nitrogen accumulation 

in the tissues of the host plant as 

a result of hyphae competition 

for mineralized organic nitrogen. 

An important role of these 

symbiotic associations is to 

reduce inputs of farm 

management system, optimizing 

nutrition cycle - with minimal 

negative environmental impact - 

ensuring increased production. 
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For this reason, mycorrhizal 

fungi must be regarded as an 

indispensable component of any 

sustainable agricultural system 

(McCORMACK et al., 2014, 

XIANG et al., 2014).

  

MATERIAL AND METHOD 

 

In 2011 an experiment was 

placed in the controlled 

environment of green house of 

University of Agricultural 

Sciences and Veterinary 

Medicine Cluj in order to 

observe mycorrhizal colonization 

parameters, separately on short 

sequences of vegetation, to create 

a more complete image on 

installing and progress of 

symbiosis. The duration of the 

experiment was 150 days, plant 

used belonging to the species 

Festuca rubra. For the 

experiment established variants 

harvesting was done gradually at 

an interval of 10 days of each 

other starting at 10 days from 

plant emergence. 15 variants 

were placed in three repetitions 

and seeding was performed on a 

terra rosa soil type. The 

experimental data were 

processed using the Statistica 

software (StatSoft, 2012) for the 

elaboration of dendrogram. 

 

RESULTS AND DISCUSSIONS 

 

Graphical analysis of the 

relationship between the 

frequency, colonization intensity 

and arbuscules abundance in the 

root system of plants Festuca 

rubra, shown in Figure 1, over a 

period of 150 days vegetation, 

highlights a number of 

connections between 

colonization parameters and the 

sequence of vegetation at which 

have been registered. The 

sequence considered as control in 

this experiment represents the 

values of mycorrhizal 

colonization parameter 10 days 

after emergence of the plants. 

Thus the frequency reached a 

value of 91.11%, colonization 

intensity reached a level of 

49.39% and arbuscules 

abundance in root system a 

percentage of 30.13%At 20 days 

colonization frequency value 

goes up to 100%, also increasing 

the intensity and arbuscules 

abundance. High values of these 

parameters indicate increased 

permissiveness of the host plant 

colonization, a high capacity for 

colonization of the fungus, 

respectively stabilization of 

nutrient transfer interface 

between the two partners created 

during the first sequence of 

vegetation
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Figure 1. Values of frequency (F%), intensity (I%)  

and arbuscules abundance (A%) 

 
At 30 days, recorded values 

indicate a regression of 

colonization, the frequency 

decreased to 85.56%, the 

intensity to a value of 14.53% 

and arbuscules abundance to a 

value of 2.55%. The 

phenomenon can be explained on 

the basis of intense transfer 

during the first 20 days, which 

brought to plant the necessary 

nutrients for faster development 

of the root system, and 

mycorrhizas are not being able to 

keep a rhythm of colonization 

equal to that of young roots 

production. 

The interval from 40 to 70 

days after emergence is marked 

by an increase in the intensity of 

colonization at 40 days up to 

60.61% followed by a decrease 

to a value of 32.39% and rising 

again to 69.50 % at 70 days. 

Similarly fluctuates the 

abundance of arbuscules in the 

root system, the percentage being 

26.75% at the beginning of the 

interval, followed by a decrease 

to 0 (50 days) and then an 

increase to 51.79% at the end of 

the interval. During this period, 

the colonization frequency 

remains fixed at 100%. 

The occurrence of a value 

of 0% at 50 days after emergence 

with regard to percentage of 

arbuscules in the root system can 

be explained on the basis of 

short-lived of these transfer 

structures related to the 

orientation of fungus toward 

producing colonizing structures 

to recover the colonization space 
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from young roots lost in the 

previous interval. 

The sequence of 80 days is 

distinguished by a new decrease 

in the frequency of colonization, 

a decrease in intensity to a value 

of 3.20% and the absence of 

arbuscules. Between 90-110 days 

is noticed a new increase in 

colonization parameters, 

frequency closer to the value of 

100%, the intensity having a 

value of 45.73% and 17.06% 

arbuscules abundance at 90 days. 

Regarding the rest of the interval, 

intensity decreases at 100 days 

and increased again at 110 days, 

while the percentage of 

arbuscules is below 1%, 

phenomenon that show the 

orientation of mycorrhizas for the 

production of vesicles for storage 

of accumulated nutrients from 

the host plant Period 120-140 

days represent a decline in 

colonization, both the intensity 

and the percentage of arbuscules 

having low values, and the 

possible explanation is the 

preparation of mycorrhizas for 

sporulation process. At the end of 

the growing season there is a new 

increase in the frequency of 

colonization but intensity and 

arbuscules percentage arbusculi 

remain at a low level. Analysis of 

dendrogram in Figure 2 provides 

data about the relations between 

colonization parameters 

respectively colonization strategy 

of the root system by symbiotic 

fungi. Sub-cluster 1 is composed 

of sequences corresponding to 

the vegetation period of 80, 120, 

130 and 140 days. The grouping 

of these sequences was based on 

the average values of frequency 

correlated with intensity values 

below 5% and arbuscules 

absence from the root system. 

Character of the obtained sub-

cluster is one of storage, 

mycorrhizal strategy being the 

formation of vesicles and storage 

of the accumulated nutrients Sub-

cluster 2 is formed by grouping 

together the sequences of 30, 50, 

100, 110 and 150 days after 

emergence of the plants taken in 

the experiment. Values that 

characterize this sub-cluster are 

more than 85% in the case of 

frequency but not exceeding 35% 

as a percentage of the intensity 

and a very low arbuscules 

abundance. Those aspects 

highlight the superficial 

colonization character of this 

subunit, fungus strategy during 

the vegtation sequences being to 

increase the hyphal system 

extending at the surface of the 

root endoderm, taking over 

almost the entire surface of the 

developed young roots by the 

host plant, but very little 

penetrating in the depth of the 

root cortex. 
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Figure 2. Cluster dendrogram of vegetation sequences based on colonization 

parameters 

 
By combining the 

characteristics of the sub-clusters 

A1 and A2 is formed a cluster 

characterized by parameters that 

indicate growing sequences 

during which occurs the shallow 

colonization of the root cortex 

tissues but also a stage of 

producing vesicles and storage of 

nutrients. 

As regards the of 

vegetation sequences 20 and 70 

days, they are characterized by 

values of 100% of frequency, 

values of 74.67% to 69.50% of 

the colonization intensity and the 

highest values of arbuscules 

abundance. By correlating the 

values of these parameters is 

highlighted a dual character of 

sub-cluster B1; fungal symbionts 

strategy during the two 

sequences being directed towards 

both inter- and intracellular 

colonization and to create an 

interface for the exchange of 

nutrients through arbuscules 

developed inside colonized cells. 

B2 sub-cluster is 

characterized by intermediate 

values of the colonization 

parameters, located between the 

levels in sub-clusters A2 and B1, 

which highlights it as a sub-

cluster of the intermediary 

stages. 

Nevertheless, the high 

value of arbuscules abundance in 

this cluster approach it more to 

sub-cluster B1, forming cluster 

B, which covers a group of 

sequences of nutrient transfer and 

extension of the intraradicular 

hyphae.
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CONCLUSIONS 

 

A very intense colonizing 

activity occurs in the sequence 

20, 40, 50, 60, 70 and 100 days, 

values of frequency being 

maximum. The maximum 

intensity of mycorrhizal 

colonization in Festuca rubra 

occur at the sequence of 20 days, 

an average value at 30 days and a 

minimum at 140 days, indicating 

higher capacity of mycorrhizal 

colonization during plant growth 

and development periods 

compared to stages when plants 

are well developed. Arbuscules 

abundance in the root system 

fluctuates over the range 10-150 

days after emergence reaching 

the maximum value in the 

sequence of 70 days, which 

indicates an increased transfer of 

nutrients. 

The colonization of the 

root system of Festuca rubra 

plants is composed of a stage 

marked by a process of storage of 

nutrients, production of vesicles 

and shallow colonization 

completed with a second stage 

characterized by processes of 

nutrient transfer and extension of 

intraradicular hyphae.
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