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Protection and preservation of mature ecosystems requires complex 

models with an integrative design, capable to predict the occurrence of 

disturbances and provide solutions for remediation of reduced aggressiveness. 

Microorganisms, in contrast to vegetation, have the ability to respond 

more strongly to the disturbances, both temperature and rainfall having a very 

significant individual influence, enhancing the effect of the management 

elements. 

The treatments with zinc sulfate have the role of stabilizers for the 

colonization, by adjusting the response of fungi to climate and fertilization. 

Combination of fertilization and treatment factors is effective to maintain 

the reaction of symbiotic fungi within the normal range in the climatic conditions 

of the experimental area. 

 

 
INTRODUCTION 

 

Protection and 

preservation of mature 

ecosystems is a large-scale action 

in the current development of a 

balanced society. Changes of 

climatic parameters and shifts in 

the management of areas of high 

biodiversity, often acts to 

produce disturbances and 

deformation of ecological niches 

(Mariotte, 2014). 

Analysis of the impact of 

human actions on nature and 

ecosystem needs, in the present 

context, complex models with an 

integrative design capable to 

predict the occurrence of 

perturbations and to provide 

remediation solution of reduced 

aggressiveness (Laughlin, 2014). 

In this context, components of 

models with high stability are 

capable of identifying the area of 

action with minimal disturbing 

impact and maximum efficiency 

in rectifying imbalances. 
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Grassland ecosystems are 

classified as areas with a high 

degree of vulnerability, because 

the value of biodiversity is 

directly proportional to the 

degree of susceptibility to 

disturbance. Changing in 

fertilizer management applied on 

natural grasslands act with low 

intensity for short periods of 

time, but with irreversible effects 

over long periods, because 

generally plants from canopy 

have a slow response to minor or 

moderate changes. To prevent the 

occurrence of these phenomena 

is necessary to integrate the 

response of organisms in 

modeling of disturbances. 

Microorganisms, as 

opposed to vegetation, have the 

ability to respond more strongly 

to the disturbance, even if they 

have a reduced level (Steenwerth 

et al., 2005). Using this response 

capacities of microorganisms can 

stabilize forecasting models and 

gives results much faster than 

vegetation analysis, and finally it 

can determine highly stable 

conservation actions, minimizing 

the extinction potential of 

problematic species. 

Plant rhizosphere is the 

life environment of a large 

number of organisms and mature 

ecosystems balance is the result 

of a simultaneous evolution of 

microorganisms with plants to 

form symbiotic associations. 

Among microorganisms, 

mycorrhizal fungi have the 

ability to create hyphal 

connections between plants with 

which are partners in symbiosis, 

balancing the transfer and 

absorption of nutrients and 

maintaining ecosystem stability 

(Hiiesalu et al., 2014). 

 

 

Evolution of mycorrhizal 

colonization was analyzed in a 

grassland ecosystem in Gârda de 

Sus commune, Alba County, 

Romania, during 2010-2011. The 

data presented in this paper 

shows the frequency (freq%) and 

intensity (int%) of colonization 

in the root system of Festuca 

rubra plants, in the period of 

maximum vegetation 

development. 

Climatic factors with a 

perturbative potential to the 

progress of colonization are 

temperature and precipitation. 

Experimental component 

analyzed is fertilization, being 

taken into consideration six 

graduations: unfertilized control 

(V1), one fertilization with 10 

t/ha manure (V2) and the same 

amount of manure completed 

with 50 kg/ha N2 (V3), 

respectively fertilization NPK 

(V4) 50:25:25, Eurofertil 

mezocalc 120 kg/ha 

supplemented with N2 (V5), and 
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a variant on which has been 

applied only Eurofertil mezocalc 

120 kg/ha (V6). 

In the design of the 

experiment (Stoian, 2011) was 

set, in addition, a treatment with         

1% zinc sulfate to observe the 

variation between the variants 

fertilized and mowed (T1) and 

variants mowed, fertilized and 

treated (T2). 

Statistical evaluation of 

collected data was done with the 

R Statistic software (R Core 

Team, 2014), being used 

principal component analysis, 

specific to ―vegan‖ package 

(Oksanen, 2013) and which has 

demonstrated a great potential in 

the analysis of complex 

microbiological data (Vidican, 

2013). 

 

 

Application of 

fertilization and treatment with 

zinc sulfate in 2010 had little 

impact on mycorrhizal 

colonization (table 1., fig. 1., fig. 

2.). Among the nutrients the most 

important have proved to be 

nitrogen, but without statistical 

assurance, and the same aspect 

was found for the application of 

the zinc sulphate. 

However, supplementation of the  

amount of manure with 50 kg/ha 

N2 (V3) to variant fertilized only 

with manure (V2), leads to a 

strong shift values of mycorrhizal 

colonization from the axis of 

principal components (fig. 1.). 

This aspect indicates the 

potential of spacing in time of 

mycorrhizas progress in the root 

system with the application an 

annual supplement of chemical 

nitrogen. 

 
Table 1. 

Influence of experimental factors on micorrhizas – 2010 

 

 
PC1 PC2 r2 Pr(>r) Significance 

N -0.57819 0.8159 0.1223 0.110 - 

P -0.90878 0.41727 0.0473 0.435 - 

K -0.81076 0.58538 0.0631 0.328 - 

Zn 0.58484 0.81115 0.0897 0.205 - 

p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°° 
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Unlike fertilizer, zinc sulfate 

treatment succeeded to produce 

less disturbance of mycorrhizal 

colonization, experimental 

variants having similar values of 

the colonization parameters. The 

two groups (1 – mowing and 2 – 

mowing + treatament) being 

overlapped almost entirely (fig. 

2.). The observations support the 

application of zinc sulphate 

treatment in regulating the 

progress of colonization, with 

minimal disturbance to the 

functionality of the symbiotic 

process. 

 

Figure 1. Disturbing potential of fertilization – 2010 
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Gradients of mineral 

elements act to a displacement of 

colonization values, while 

producing a clear demarcation 

between organic, mineral and 

organo-mineral fertilization (fig. 

1., fig. 2.). In this context, a 

treatment with zinc sulphate can 

balance the impact of fertilization 

and reducing the differences. 

Technological factors act 

with greater power on 

colonization in the terms of 2011 

(tabelul 2., fig. 3., fig. 4.). 

Among the fertilizing elements, 

nitrogen was noted again, having 

a high influence on the 

functionality of the symbiosis, 

even if not statistically assured. 

Zinc, on the other hand, has a 

significant influence on 

colonization, indicating an 

amplification of treatment due to 

climatic conditions.  

The climatic conditions of 

2011 potentiate the effect of 

fertilization, experimental 

variants location in the principal 

components chart being highly 

visible (fig. 3.). The gradient of 

mineral elements indicate an 

efficient use of phosphorus 

derived from manure (group 3) in 

the terms of fertilization with 10 

t/ha manure + 50 kg N2. 

Figure 2. Disturbing potential of zinc sulfate treatment – 2010 

Roxana Vidican et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              125



 

Influence of experimental factors on mycorrhizas – 2011 
 

 
PC1 PC2 r2 Pr(>r) Significance 

N 0.32268 0.94651 0.1652 0.055 - 

P -0.27361 0.96184 0.0894 0.232 - 

K 0.39549 0.91847 0.1286 0.102 - 

Zn -0.79884 -0.60154 0.1926 0.026 * 

p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°° 

 

Application of mineral 

fertilization (V4 - Group 4, V5 - 

group 5), increases the efficiency 

of nitrogen and potassium usage 

(fig. 3.). The lowest impact had 

the fertilization with Eurofertil 

mezocalc (V6), the group 

variants on that this fertilizer was 

applied was placed in the center 

of the graph. 

 

 

 

The amplification of the 

effect of treatment based on zinc, 

in the climatic conditions of 

2011, creates a low displacement 

Figure 3. Disturbing potential of fertilization – 2011 

Table 2. 
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of experimental variants in the 

plan of the ordination chart (fig. 

4.). Groups 1 and 2 overlap only 

to a small extent, the lack of 

homogeneity of the group 1 is 

visible due to a lack of treatment. 

 

 

 

The gradient of treatment 

and fertilization observed in 

principal components graphs (fig. 

3. fig. 4.), confirms that the 

application of zinc sulfate as a 

stabilizing factor of mycorrhizal 

colonization in terms of 

fertilization. Non-application of 

treatment caused a chaotic 

distance between experimental 

variants, fertilization recipes 

creating strong variations of 

colonization parameters. 

Integration of temperature 

and precipitation in the model for 

comparison the variation of 

colonization in the 2010 - 2011 

highlights the power of 

amplification of climate 

component (table 3.). Both 

temperature and precipitation 

have a very significant individual 

influence, enhancing the effect of 

experimental factors 

 

Figure 4. Disturbing potential of zinc sulfate treatment – 2011 
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Table 3. 

Influence of climatic and experimental factors on mycorrhizas – 

2010/2011 

 
PC1 PC2 r2 Pr(>r) Significance 

Temp 0.98833 0.15231 0.2267 0.001 *** 

Prep 0.98833 0.15231 0.2267 0.001 *** 

N -0.99499 0.09999 0.0024 0.922 
 

P -0.87780 -0.47902 0.0225 0.451 
 

K -0.77593 -0.63082 0.0028 0.924 
 

Zn -0.39179 0.92005 0.0319 0.342 
 

p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°° 

 

The identical direction of 

temperature and precipitation 

gradients completed by the 

power of influence creates a 

strong dispersion of experimental 

variants of in the graph of 

principal components (fig. 5.). 

The homogeneity of colonization 

of the entire experiment is similar 

in both experimental years, but 

climate component move the 

groups of variants, preventing 

their overlapping. The 

phenomenon is explained by the 

higher susceptibility of 

mycorrhizal fungi to climatic 

conditions in 2010, while in 2011 

fertilization had a greater impact. 
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Treatment with zinc acted 

similarly in both the 

experimental years, the role of 

stabilizer of colonization is 

evidenced by the location of the 

gradient in the middle of year-

fertilization interaction (fig. 5.). 

Projection of colonization 

parameters in terms of 

differentiated fertilization shows 

a good overlap of experimental 

variants in principal components 

graph (fig. 6.). Simultaneous 

analysis of variance caused by 

climatic components in both 

years of experimentation shows a 

balanced reaction of 

mycorrhizas, not exceeding the 

limits imposed by fertilization, 

variants being agglomerated 

around the central axis of the 

graph. 

 

Figure 5. Disturbing potential of climatic component in 2010/2011 
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In both the years of 

experimentation, treatment with 

zinc sulfate acted as a stabilizer 

of the colonization progress in 

the root system of Festuca rubra 

plants (fig. 7.). Response of fungi 

to climate and fertilization is 

controlled by applying zinc, the 

overlay on graphic being almost 

perfect. This indicates the 

application of the treatment 

during growth as potential 

regulating agents of root of 

colonization progress, reducing 

the absorption surface of the 

plants roots and preventing the 

occurrence of the competition for 

resources in the entire ecosystem. 

 

Figure 6. Disturbing potential of fertilization in 2010/2011 

Roxana Vidican et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              130



 

 

 

CONCLUSIONS 

 

The individual influence 

of fertilization and treatment on 

the mycorrhizal colonization in 

each experimental year, is 

reduced, being more powerful the 

combination of these factors. 

Climatic particularities of 

experimental year 2011 

associated with fertilization 

caused a strong separation of 

variants groups based on 

mycorrhizal corresponding 

response. 

Among the elements 

analyzed, zinc acts as a stabilizer 

of mycorrhizas response to 

fertilization, this element being 

useful in treatments to balance 

the impact of fertilization. 

Combination of factors of 

fertilization and treatment is 

effective to maintain reaction 

symbiotic of fungi in normal 

limits, in the climatic conditions 

of the experimental area. 

 

 

Figure 7. Disturbing potential of zinc sulfate treatment in 2010/2011 
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