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ABSTRACT 

Intensification of natural ecosystems may be beneficial for a series of 
plants. which are favored to become the dominant at the level of grass cover. 
However, no matter how low would be the inputs applied, the first effects are 
observed in the symbiotic organisms of existing plants in the ecosystem. 
Adaptation of plants and soil microorganisms to environmental conditions have 
made the type and dosage of fertilizer applied to become factors with limiting 
effect on the balanced evolution of mycorrhizal fungi. For mycorrhizal 
colonization of Festuca rubra plant, climatic factors playa small role, from this 
consideration is necessary to identify the dose and type of fertilizer to ensure the 
stability in time of colonization parameters. To study the effect of increasing soil 
nutrient resources on the mycorrhizal colonization parameters in Festuca rubra. 
we set up an experiment with six degrees of fertilization. in addition to 
unfertilized control were applied to two types of organic fertilization and three 
types of mineral fertilization, combined with two management types - mowing 
and mulching once per year. Balancing the colonization and reducing 
fluctuations in time of colonization parameters is irifluenced in a high degree by 
nitrogen, whether it comes from manure or synthetic fertilizers. 
Stability during time of the mycorrhizal colonization is ensured by a unilateral 
balanced fertilization, organically 01' mineral, with nitrogen as chemical 
compound with highest impact for both management types. Both NMDS and post
hoc analysis proved effective in assessing the impact of individual and combined 
of factors in the study. 

Keywords: mycorrhizal colonization, colonization degree, fertilization, 
fertilization doses, mulching, mowing. 

INTRODUCTION 

The roots of vascular plants 
are in private contact with a 
substrate and even in the case 
that this is represented by soil, 

water or bark, the functionality 
and development are all 
influenced by various biotic and 
abiotic factors. A complex of 
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microorganisms resides in a 
diversity of niches within the 
substrate, affecting the roots 
hence the plants performance 
through multiple means. The 
most frequent organisms 
associated with plants are the 
environmentally adapted fungi 
from soil, which form root
fungus partnerships called 
"mycorrhiza" (PETERSON, 
2004). These symbioses arc 
present in the roots of the large 
majority of plants (VARMa, 
2008). 

The main benefit for the 
host plant in a mycorrhiza 
symbiosis is the enhancement of 
immobile nutrient assimilation, 
especially of phosphorus 
(JAKOBSEN,2011). 

Matured ecosystems are 
characterized by a continuous 
and cyclic movement of the 
elements between the biotic and 
abiotic components. The 
mycorrhiza has the purpose to 
adjust the composition and 
functionality of a community, by 
correctly allocating food 
resources and influencing the 
growth of interfering plants. 

The increase of fertilization 
levels (20 or 40 t/ha manure) or 
the usage of unconventional 
fertilizers (20 or 60 tlha waste 

MATERIAL AND METHOD 

For studying the growth 
effect of nutritive resources from 
soil on the mycorrhizal 
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water sludge) at a alfalfa culture, 
can benefit directly on the 
intensity of symbiotic 
microorganisms activities, thus 
enhancing the ability to 
biologically bond nitrogen 
(VIDICAN et al., 2012). A 
highly important role, besides 
fertilization, plays the 
ecosystem's management. In the 
case of natural grasslands, the 
mowing or a combination of 
mowing + mulching encourages 
the Agrostis capillaris to become 
dominant within the grass cover 
(ROTAR et ai., 2011). 

In time, the growth of 
fertilization doses may lead to 
changes in the coverage extent of 
plants in grasslands. For values 
of fertilization NPK = 50:25:25 
Festuca rubra and Trisetum 
flavescens are privileged, while a 
fertilization with NPK 
100:50:50 and NPK=150:75:75 
will enhance the development of 
Agrostis capillaris and Trisetum 
flavescens (PACDRAR et ai., 
2012). 

Still, these various changes 
experienced by ecosystems have 
in their first phase a more intense 
impact on the mycorrhizal fungi 
then on the colonized plants (LID 
and Co., 2012). 

colonization parameters for 
Festuca rubra species, an 
experimental layout was 
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implemented with 6 degrees of 
unfertilized witness, and 
applying one type of organic 
fertilization (V2 - 10 tlha) , a 
combined organic-mineral 
fertilization (V3 - 10 t/ha + 
NPK=50:25:25) and three types 
of mineral fertilization (V4 -
NPK=50:25:25, V5 - Eurofertil 
mezocalc 120 kg/ha + N=50 and 
V6 - Eurofertil mezocalc 120 
kg/ha). 

Through this experiment, a 
series of hypothesis were tested: 
(i) the influential scale of 
climatic factors (Temperature -
Tm, Sum of precipitations - Pp) 
and technological factors over 
mycorrhizal colonization 
parameters (Frequency - Fv%, 
Intensity - In%, Colonization 
degree -Gc%), (ii) the effects by 
type and dose of applying 
fertilizers, and (iii) the variation 
of mycorrhizal colonization at 
the mowing and mulching point 
(100 day from vegetation start). 

RESULTS 

Mowing 

Overlapping the 
experimental factors on the non
metrical ordering matrix 
(NMDS) has underlined the 
small impact of temperature and 
precipitations on the mycorrhizal 
colonization (Table 1). Among 
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fertilization, besides the 
The experimental concept, 

design of experimental field and 
the methodology for acquisition 
of data were presented by 
STOIAN (2011). The add-in of 
the current experiment is brought 
through statistical analyses that 
emphasize the individual effect 
of experimental factors. 

This study reveals the 
evolution of mycorrhizal 
colonization parameters in 
differential fertilization 
conditions, during 2010 - 2011. 

A non-metrical statistical 
evaluation (NMDS) on the effect 
of fertilization and climatic 
factors was performed using the 
R Statistics software - "vegan" 
package (OKSANEn, 2013). The 
differences between management 
type and fertilization variants 
where obtained using the 
comparative analysis Post-hoc -
Fisher LSD, specific for 
Statistica software (2012). 

the chemical elements, the most 
influential proved to be the 
nitrogen. Phosphorus and 
potassium had a high influence, 
but statistically ensured only as 
distinctly significant. 
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Table 1 
Overlap of experimental factors on the ordering matrix and display effects 

on experimental parameters - mowed variants 

NMDSl NMDS2 r2 Pr(>r) 

Tm 0.553 0.833 0.0365 0.524 
Pp 0.553 0.833 0.0365 0.524 
N 0.084 -0.997 0.5767 0.001 *** 
P 0.082 -0.997 0.3494 0.002 ** 
K 0.235 -0.972 0.3678 0.001 *** 

p < 0.05 .. p < 0.01 ** 00 p < 0.001 •••••• 

Under the aspect of 
nitrogen's influence over the 
frequency of colonization, the 
NMDS ordering chart indicates 
an optimum range of values 
between 10 and 20 kg/ha for 
fertilization. This level of 
fertilization with nitrogen 
ensures a reduced variation 
during time of the frequency that 
Festuca rubra plants are 
colonized (Fig 1). When is 
analyzed the intensity of the 
radicular system's colonization, 
the optimum value of nitrogen is 
50 kg/ha, this providing the 
durability of this factor in time. 
Synthesizing the infOlmation 
regarding mycorrhizal fungi 
demand for nitrogen has 
indicated a value of 30 - 40 
kg/ha as optimum for ensuring a 

fluctuations-free degree of 
colonization. 

Phosphorus necessity for 
sustainable stability during time 
of the mycorrhizal colonization is 
equal for both the frequency and 
intensity parameters. The 
optimum value for this element 
in first vegetation stage was 
recorded at 20 kg/ha (Fig. 2). 

Optimum level of 
potassium necessary for a 
constant colonization frequency 
is 20 kg/1m, while for the 
intensity 25 kg/ha. The degree of 
colonization is stable at a 
potassium value of 
approximately 25 kg/ha, much 
closer to the necessity recorded 
for a constant intensity (Fig. 3). 
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Figure 1 - 3. Influence of chemical elements over mycorrhizal 
colonization parameters in mowed variants: 1) Nitrogen (N) ; 2) 

Phosphorus (P); 3) Potassium (K); 
Fv% - Frequency; 1n% -Intensity; Gc% - Colonization degree 

Mulching 

By overlapping the 
experimental factors on the non
metrical ordering matrix 
(NMDS) has evidenced the lower 
impact of temperature and 
precipitations on the mycorrhizal 

colonization when compared 
with the nutritive input (Table 2). 
All chemical elements had a 
highly significant influence on 
the colonization parameters. 
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Table 2 
Overlap of experimental factors on the ordering matrix and display effects 

on experimental parameters - mulched variants 

NMDSI NMDS2 r2 Pr(>r) 

Tm 0.295 -0.955 0.349 0.002 ** 
Pp 0.295 -0.955 0.349 0.002 ** 
N -0.022 1.000 0.487 0.001 *** 
P 0.047 0.999 0.525 0.001 *** 
K 0.054 0.999 0.410 0.001 *** 

p < 0.05 * • P <0.01 *.00 p < 0.001 .** ••• 

NMDS ordination graph is 
indicating an optimal value of 10 
kglha for the nitrogen to 
influence the colonization 
frequency. By applying thus dose 
of fertilizer will ensure a reduced 
variation of the colonization 
frequency for Festuca rubra 
plants (Fig. 4). For the 
colonization intensity of the 
radicular system, the optimal 
value for nitrogen is 40 kglha, 
thus ensuring the constant of the 
factor during time. The 
information's synthesis of the 
nitrogen needs for mycorrhizal 
fungi has indicate a value of 
approx. 40 kglha as optimal for 
ensuring a fluctuation-free 
colonization degree over time. 

For ensuring sustainability 
of the mycorrhizal colonization 
during time, the phosphorus 
needs are 0 - 10 kglha for 
frequency and 20 - 30 kglha for 
the colonization's intensity. The 
optimal value of this element for 
a constant colonization degree 
was 20 glha (Fig. 5.). 

The optimal potassium 
level for a constant frequency 
was 5 kglha, while for the 
colonization's intensity the level 
is approx. 25 kglha. The degree 
of colonization is constant at a 
potassium value of 25 - 30 
kglha, much closer of the 
necessary for a constant intensity 
(Fig. 6). 

Romanian Journal of Grasslands alld Forage Crops (20 J 3)8 72 



.... 
Q 

.... 

." . 

4) 

~2 ~~ 0 0 0 .1 02 OJ 

I~S' tV 5) 

Roxana Vidican et al. 

4)2 -0.1 0.0 01 0.2 0 ~ 

NMDS! p 

'/) 2 ·0 I 01} !l.1 62 0.3 

6) NtADSI K 

Figure 4 - 6. Influence of chemical elements over mycorrhizal 
colonization parameters in mulched variants: 1) Nitrogen (N); 2) 

Phosphorus (P); 3) Potassium (K); 
Fv% - Frequency; In% - Intensity; Gc% - Colonization degree 

Comparing the effect of 
interaction Management 
Fertilization over mycorrhizal 
colonization degree 

Overlapping fertilization 
on management type created the 
premises for a wide variation in 
the level of mycorrhizal 
colonization degree of Festuca 
rubra roots (Table 3). 

Regarding the mowed 
variants, the degree of 
colonization results has proven 
the beneficial impact of 
fertilization, almost all variants 
recording significant values over 
the witness. The one exception 
was the variant fertilized with 
manure + NPK (V3), in which no 
significant differences were 
recorded over the witness. The 
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fertilization with Eurofertil 
mezocalc and N (V5) has proven 
superior to the variant fertilized 
with NPK (V4) , but also when 
compared with solely Eurofertil 
mezocalc fertilizer (V6), 
revealing significant differences 
(Table 3). Similar to 
phenomenon described before, 
variation of colonization degree 
at the level of mulched variants, 
significantly superior values over 
the unfertilized witness were 
recorded only at the manure 
fertilization variant (V2) and 
Eurofertil mezocalc with 
nitrogen (V5) fertilization variant 
(Table 3.). Compared with the 
organic fertilized variant (V2), 
significant differences were 

Roxana Vidican et al. 

recorded (p<O.OI) for manure 
supplemented with NPK (V3) 
variant, NPK (V4) and Eurofertil 
mezocalc (V6) fertilization 
variants. Comparison of 
unfertilized mown and mulched 
variants revealed no significant 
differences in the degree of 
mycorrhizal colonization (Table 
3.). Both unfertilized variants 
proved inferior to the variants 
fertilized with Eurofertil 
mezocalc supplemented with 
nitrogen (V5 mowed and V5 
mulched), a situation which is 
maintained after comparing these 
variants with one fertilized with 
lOt / ha manure (V2 mowed and 
V2 mulched). 

Table 3 

The effect of interaction Management - Fertilization over mycorrhizal 
colonization degree 
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Fertilization with lOt / ha 
manure (V2) in combination with 
management by mowing proved 
to be superior to variant mulched 
and fertilized with manure 
supplemented with nitrogen (V3) 
or variant mulched and fertilized 

CONCLUSIONS 

Climatic factors have a 
reduced impact over the 
mycorrhizal colonization 
parameters in comparison with 
the fertilization, which has a 
strong restrictive role in the 
evolution of mycorrhizal 
colonization. 

Stability during time of the 
mycorrhizal colonization is 
ensured by a unilateral balanced 
fertilization, organically or 
mineral, with nitrogen as 
chemical compound with highest 
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only with NPK (V4 ). The 
situation is kept when comparing 
mowed and fertilized with 
Eurofertil mezocalc + nitrogen 
(V5) variant with V6 variant, 
mulched and fertilized only with 
Eurofertil mezocalc (Table 3.). 

impact for both management 
types. 

Fertilization with manure 
or with Eurofertil mezocalc 
supplemented with nitrogen in 
combination with mowing has 
ensured the highest levels of 
colonization degree, recorded 
values exceeding 12%. 

Once the mulching is 
installed, the manure fertilization 
has ensured the highest levels for 
the colonization parameters, 
overcoming significantly the 
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evolution recorded for the 
unfertilized variant. 

Using NMDS analysis in 
assessing the effect of 
fertilization and climate on 
variation mycorrhizal 
colonization parameters has 
proven performance for 
individualizing each factor and 
assessing the individual degree 
impact. 

REFERENCES: 

Roxana Vidican et al. 

Post-hoc analysis made it 
possible to assess the differences 
between the types of 
management in combination with 
fertilization, identifying 
variations between experimental 
variants after comparing both 
variants fertilized with 
unfertilized witnesses and within 
the fertilized variants. 

1. Jakobsen I. , 1999. Transport of phosphorus and carbon in arbuscular 
mycorrhizas. In: Varma A., B. Hock (eds.) Mycorrhiza: structure, 
function, molecular biology, 2nd edn. Springer, Heidelberg, pp 535-
542. 

2 . Liu, Y. , Shi, G., Mao, L. , Cheng, G., Jiang, S., Max., AN L. , DU G., 
Collins Johnson, N., Feng, H ., 2012. Direct and indirect influences 
of 8 yr of nitrogen and phosphorus fertilization on Glomeromycota 
in an alpine meadow ecosystem. New Phytol. 2012 Apr; 
194(2):523-35. doi: 10.11111j.l469-8137.2012.04050.x. Epub 2012 
Jan 31. 

3. Oksanen, 1., F., Guillaume Blanchet, Roeland Kindt, P., Legendre, P. 
R., Minchin, R., B., O'Hara, G., L., Simpson, P., Solymos, M., 
Henry, H. , Stevens and Helene Wagner, 2013 . Vegan: Community 
Ecology Package. R package version 2.0-6. http://CRAN.R
projcct.org/package=vcgan 

4.pacurar, F.; I., Rotar; Anca, Bogdan, Roxana Vidican, 2012. The 
influence of mineral and organic long-term fertilization upon the 
floristic composition of Festuca rubra L.-Agrostis capillaris L. 
grassland in Apuseni Mountains, Romania. International Journal of 
Food, Agriculture and Environment-JFAE. 

5. Peterson, R., L. , H., B., Massicotte, L., H., Melville, 2004. 
Mycorrhizas: Anatomy and Cell Biology. CAB! Publishing, 
Wallingford. 196 pp. 

6. Rotar, I., F. , Piicurar, Anca, Bogdan, 2011. The Influence of 
Technological Inputs on Arnica montana habitat. Bulletin 
USAMV Agriculture 68 (1) 

Romanian Journal a/ Grasslands and Forage Crops (2013)8 76 



Roxana Vidican et at. 

7. Statsoft, Inc., 2012. Electronic Statistics Textbook. Tulsa, OK: 
StatSoft. WEB: http://www.statsoft.com/textbook/ 

8. Stoian, R., V., 201l. Studiul simbiozelor micoriziene in unele 
ecosisteme de paji$ti din zona Munfilor Apuseni. Teza de doctorat
USAMV Cluj- Napoca. 

9. Varma, A., (ed), 2008. Mycorrhiza: State of the Art, Genetics and 
Molecular Biology. Eco-Function, Biotechnology, Eco-Physiology, 
Structure and Systematics, 3rd edn. Springer, Heidelberg.797 pp. 

10. Vidican Roxana, 1., Pintea, 1., Rotar, Anca, Bogdan, 2012. The Effect 
of City Sludge Application on the Simbiotically Fixed Nitrogen on 
Alfalfa Culture under the Experimental Field from Boldur Bulletin 
UASVM Agriculture 69(1)/2012. 

Romallian Journal a/Grasslands alld Forage Crops (2013)8 77 


