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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 has 
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 and the 
effective management type 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. The 
experimental variants were managed by mowing and mulching. once per year. 
Balancing the colonization degree and reducing fluctuations in time of these 
parameters is influenced in a high degree by nitrogen. independent from the 
origin of the source. At the end of growing season it is observed the superiority of 
combined fertilizers, Eurofertil mezocalc supplemented with nitrogen. manure + 
NPK combined with mowing and mulching or solely NPK. which ensure the 
highest values of the colonization degree. 

Keywords: mycolThizal parameters, colonization degree, organic fertilization, 
mineral fertilization, fertilization doses, management. 

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 
microorganisms resides in a 
diversity of niches within the 
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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 are 
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 unconvcntional 
fertilizers (20 or 60 tlha waste 
water sludge) at a lucerne 

MATERIAL AND METHOD 

For studying the growth 
effect of nutritive resources from 
soil on the mycorrhizal 
colonization parameters for 
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culture, can benefit directly on 
the intensity of symbiotic 
microorganisms activities, thus 
enhancing the ability to 
biologically bond nitrogen 
(VrnICAN et al., 2012). A 
highly important role, besides 
fcrtilization, plays the 
ecosystem's management. In the 
case of natural grasslands, the 
mowing or a combination of 
mowing + mulching cncouragcs 
the Agrostis capillaris to become 
dominant within the grass cover 
(ROTAR et al., 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 (pACURAR et aI., 
2012). 

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

Festuca rubra species, an 
experimental layout was 
implemented with 6 degrees of 
fertilization, besides the 
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unfertilized witness, and 
applying one type of organic 
fertilization (V2 - 10 t/ha), a 
combined organic-mineral 
fertilization (V3 - 10 t/ha + 
NPK=50:25:25) and three types 
of mineral fertilization (V 4 -
NPK=50:25:25, V5 - Eurofertil 
mezoca1c 120 kg/ha + N=50 and 
V 6 - Eurofertil mezoca1c 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 end of vegetation period. 

RESULTS 

Mowing 

Climatic and technological 
factors were also assessed on the 
impact over the mycorrhizal 
colonization. This is underlined 
very well by overlapping these 
but these two factors are 
characterized as insignificant 
regarding the influence over the 
colonization's parameters. 

On the contrary, 
phosphorus and potassium had a 
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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 perfonned using ' the 
R Statistics software - "vegan" 
package (Oksanen, 2013). The 
differences between variants 
where obtained using the 
comparative analysis Post-hoc -
Fisher LSD, specific for 
Statistica software (2012). 

factors over the non-metrical 
ordering axes (Table 1). Both 
temperature and precipitations 
had an almost perfect overlap on 
the secondary NMDS axe, 
distinguished significant 
influence, while the nitrogen was 
ranked as very significant 
(Tablel). 
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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 -0.120 0.993 0.090 0.217 
Pp 0.120 -0.993 0.090 0.217 
N 0.154 0.988 0.450 0.001 *** 
P 0.126 0.992 0.283 0.008 ** 
K 0.363 0.932 0.311 0.004 ** 

p < 0.05 .. p < 0.01 ** 00 p < 0.001 ••• 000 

At the second vegetation 
sequence, the level for stability 
of frequency of radicular 
colonization is established by a 
nitrogen value ranging between 0 
- 10 kg/ha (Fig. 1). The stability 
of intensity is ensured at 60 - 70 
kglha nitrogen values. Synthesis 
of the nitrogen demand for a 
constant degree of colonization 
detennined an annual amount of 
approximately 50 kg/ha. 

The influence of 
phosphorus is lower than in the 
case of nitrogen, a quantity of 0 -
5 kg/ha is considered sufficient 
for a steady frequency of 
colonization during time (Fig. 2). 
Higher quantities of phosphorus 
are required for a constant 

intensity of colonization, with 
values of 30 - 35 kg/ha. 

Synthesizing the 
colonization's parameters as 
degree of colonization 
diminishes the demand for 
phosphorus up to a value of 25 
kg/ha, level which ensures 
constancy of this index (Fig. 2). 

A 5 - 10 kg/ha potassium 
input is necessary for a stable 
colonization frequency over time 
(Fig. 3). For a steady intensity of 
colonization, a 36 - 40 kg/ha 
potassium fertilization is 
required. Extending these values 
as degree of colonization, it is 
noticed that this parameter is 
durable in time at a 30 kg/ha 
potassium fertilization. 
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Figure 1 - 3. Influence of chemical elements over mycorrhizal colonization 
parameters - mowed variants: 4) Nitrogen (N); 5) Phosphorus (P); 6) Potassium 

(K); 
Fv% - Frequency; In % - Intensity; Gc% - Colonization degree. 

Mulching 
The influence of climatic 

and technological factors over 
the mycorrhizal colonization 
parameters has been highlighted 
by overlapping the recorded 
values on the non-metrical 
ordering axes (table 2). 
Temperature and rainfall were 
proven insignificant with regards 
to the influence over the 
colonization's parameters. 

The potassium's influence 
was proven insignificant, the 
element effectively acting only 
when combined with the other 
chemical commands. Phosphorus 
proved a significant influence, 
while nitrogen a highly 
significant impact during the 
study (Table 2). 
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Table 2 
Overlap of experimental factors on the ordering matrix and display effects 

on experimental parameters - mulched variants 

NMDSJ NMDS2 r2 Pr(>r) 
Tm 0.128 -0.992 0.111 0.168 
Pp -0.128 0.992 0.111 0.168 
N -0.322 -0.947 0.470 0.001 *** 
P -0.118 -0.993 0.176 0.048 * 
K -0.147 -0.989 0.045 0.476 

p < 0.05 *0 p < 0.01 ** 00 p < 0.001 *** 000 

At the second vegetation 
sequence, the stability of 
radicular colonization frequency 
is ensured by a nitrogen value 
ranging between 0 - 10 kg/ha 
(Fig. 4). For the colonization 
intensity, the stability is ensured 
by nitrogen in 60 - 80 kglha 
value range. 

The phosphorus influence 
is lower than the nitrogen, a 
quantity of approximately 10 
kg/ha being sufficient for 
ensuring stability of the 
colonization frequency values 
during time (Fig. 5). Higher 
phosphorus quantities are 
required for constant 
colonization intensity, the 
recorded value being 
approximately 50 kg/ha. 

Although recorded as 
insignificant, potassium input of 
15 - 20 kg/ha in the nutritive 

elements combination, is 
necessary for a colonization 
frequency proven constant during 
time (Fig. 6). For ensuring the 
stability of the colonization in 
intensity during time, is required 
to apply a 5 kg/ha fertilization 
with phosphorus. 

The infonnation synthesis 
with regards to a certain fertilizer 
type and applied doses to 
guarantee the stability in time of 
the colonization degree is 
difficult to be perfonned. This 
synthetic index is based on the 
correlation of values related to 
frequency and intensity with the 
environment and technological 
factors. From this point of view, 
general results can't be issued. 
For this reason the position on 
the NMDS chart of the 
colonization degree is outside the 
interpretation grid. 
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Figure 4 - 6. Influence of chemical elements over mycorrhizal colonization 
parameters in mulched variants vegetation sequence: 4) Nitrogen (N); 5) 

Phosphorus (P); 6) Potassium (K); Fv% - Frequency; 
In% - Intensity; Gc% - Colonization degree. 

Comparing the effect of 
interaction Management 
Fertilization over mycorrhizal 
colonization degree 

Fertilization overlapped on 
management type during the 
entire vegetation period created 
the premises for a wide variation 
in the level of mycorrhizal 
colonization degree of Festuca 
rubra roots (table. 3.). 

The recorded values for 
degree of colonization in mowed 

variants has proved the beneficial 
impact of fertilization in almost 
all experimental cases, with 
significant differences over the 
witness (Table 3). The exception 
was V 4 variant, which used an 
solely NPK fertilizer and 
recording insignificant 
differences over the witness. The 
Eurofertil mezocalc + N (V5) 
fertilization has ranked first over 
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all fertilized variants. By 
comparing the degree of 
colonization for the unilateral 
fertilization using only manure 
(V2) and the variant fertilized 
with NPK (V4), the organic 
fertilization has surpass with 
significantly higher values. 

Combining mulching with 
fertilization have proved to have 
a beneficial impact over 
colonization degree in the cases 
of manure + NPK (V3) and NPK 
(V 4) fertilizations, highly 
significant differences being 
recorded over the witness (Table 
3). At the opposite pole, the 
unilateral fertilization using 
manure (V2) and Eurofertil 
mezocalc (V 6) fertilization have 
decreased the colonization 
degree values under 1.0%. Also, 
the recorded differences over the 
witness were highly significant 
negatives. Similarly to the 
colonization's frequency and 
intensity results, all variants with 
chemical nitrogen in the 
fertilizer's composition have 
recorded superior values over the 
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cases using manure and 
Eurofertil mezocalc fertilizers. 
Despite this, the combination of 
chemical nitrogen and Eurofertil 
mezocalc (V5) has proven highly 
inferior to the manure + NPK 
(V3) and NPK (V4) variants. 

Comparison of unfertilized 
mown and mulched variants 
revealed significant differences 
in the degree of mycorrhizal 
colonization (table. 3.). Mowed 
unfertilized variant proved 
inferior to the variant mulched 
and fertilized with manure + 
nitrogen (V3), variant mulched 
and fertilized with NPK (V4) and 
V5 (mulched and fertilized with 
eurofertil mezocalc 
supplemented with nitorgen). 
After comparing variant mowed 
and organic fertilized (V2 - 10 
tlha manure) with all variants 
mulched was relief superiority 
over variant fertilized with 
manure and the one fertilized 
with eurofertil mezocalc, 
compared to all other variants 
proved inferior. 
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Table 3 
The effect of interaction Management - Fertilization over mycorrhizal 

colonization degree 

M 1 1 1 1 1 1 2 2 2 2 2 2 
F 1 2 3 4 5 6 1 2 3 4 5 6 

Me 1. 3. 9. O. 27. 4 . 5. O. 9. 9. 5. O. 
d 00 40 84 71 34 80 13 65 91 01 09 51 

1 1 1.0 0.0 p< 0.7 p< p< p< 0.6 p< p< p< 0.5 
0 04 0.0 16 0.00 0.0 0 .0 61 0.0 0.0 0. 0 42 01 1 01 01 01 01 01 

1 2 3.4 p< p< p< 0.0 0.0 p < p< p< 0.0 p< 

0 
0.0 0 .0 0 .00 

88 36 0 .0 0.0 0 .0 41 0.0 
01 01 1 01 01 01 01 

1 3 9.8 p< p< p< p < p< 0.9 0.3 p< p< 

4 
0 .0 0.00 0 .0 0.0 0.0 38 08 0.0 0 .0 
01 1 01 01 01 01 01 

1 4 0.7 p< p< p< 0.9 p< p < p< 0.8 
1 

0 .00 0 .0 0.0 41 0 .0 0.0 0.0 06 1 01 01 01 01 01 

1 5 27. p< p< p < p< p< p< p< 

34 
0 .0 0.0 0.0 0.0 0.0 0.0 0.0 
01 01 01 01 01 01 01 

1 6 4.8 0.6 p< p< p< 0.7 p < 

0 84 0 .0 0 .0 0.0 25 0.0 
01 01 01 01 

2 1 5.1 p< p< p < 0.9 p< 

3 
0.0 0.0 0.0 56 0.0 
01 01 01 01 

2 2 0.6 p< p< p< 0.8 
5 

0.0 0.0 0.0 64 01 01 01 

2 3 9.9 0.2 p< p< 

1 73 0.0 0.0 
01 01 

2 4 9.0 p< p< 

1 
0.0 0 .0 
01 01 

2 5 5.0 p< 

9 
0.0 
01 

2 6 0.5 
1 

p < 0.05 * 0 p < 0.01 ** 00 p < 0.001 *** 000 

M - manaQement: 1 - mowinQ, 2 - mulchinQ / F - fertilization 

Combination of 
management by mowing and 
fertilization with NPK (V4) 
proved inferior compared with 
variants mulched and fertilized 
with different combinations of 
chemical nitrogen (V3, V4 and 
V5) and even compared to 
variant unfertilized and mulched 

(Table. 3.). The best possible 
combination of management 
proved by mowing and 
fertilization with Eurofertil 
mezocalc supplemented with 
chemical nitrogen (V5) 
differences compared to the other 
variants were very significant. 
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CONCLUSIONS 

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

By supplementing the 
manure with nitrogen or using 
the Eurofertil mezocalc fertilizer 
in combination with mowing 
have determined superior values 
of the colonization degree for 
Festuca rubra plants at the 
closure of vegetation period. 

The constancy in time of a 
mycorrhizal colonization is 
guaranteed from a unilateral 
balanced fertilization, both 
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