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An illustrious name of The Agronomic School from Cluj 
 

 

 

PhD Prof. MIHAI IONIŢĂ 

 
 

Born in 1909 in Vlădeni commune, Botoşani County, he followed 

the primary school in his native village and the secondary school on 

“Laurian High school” from Botoşani. Is originated from a middleclass 

peasant’s family with peasant’s policies interests. Between the years 1933-

1938 he was an eminent student of the High Academy of Agronomic 

Sciences from Cluj-Napoca where he graduated as agronomic engineer. 

As a result of its extraordinary evolution and knowledge (he spooked 

fluently Italian, French and German languages) he was recruited in 1938 

as locum tenens academic assistant and then as titular assistant. After 6 

years, in 1944, he was promoted to lecturer and then to assistant professor 

on Grassland and forage production Department. In 1950 he was 

transferred to Arad, on Animal husbandry/ Zootechnics Department as 

assistant professor and in 1951 he was promoted to titular professor. 

Among time he was Chief of Department of Grassland culture and forage 

production Department from the Faculty of Veterinary Medicine, Chief of 

the laboratory for Plants breeding and Director of The Experimental 

Station for corn culture from Ceala-Arad. Simultaneously, for a period of 

5 years, he was also Scientific secretary of the Agronomic Institute from 

Timisoara.  

For its outstanding achievements both in teaching activities and 

scientific research the PhD Prof. Mihai IONIŢĂ was awarded with „Work 

Medal” (1954), with Medal for its priceless contributions in agriculture 

development (1942) and „Work order” (1942). 

As a passionate specialist for scientific research especially in 

Grassland culture and forage crops as well as due to its native love and 

appreciation for the natural environment, the PhD prof. Mihai IONIŢĂ 

showed special attention both to the miracle of plants and animal live and 

to plant-predator relations, pollinating organisms, predators and parasites. 

As a result of numerous scientific trips in mountain and hill pastures 

searching to understand the relationships developed between plant and 
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animal species he discovered the presence of some particular species 

described as “insects victimized by foxtail panicles”- Setaria verticilata. 

Among the so called “victimized insects’- after Phd prof. Mihai 

IONIŢĂ- specimens of predatory bugs for phytophagous insects, 

ladybugs, larvae, maggots and “firecrackers bugs” were included.  

In the honor and memory of that who was the eminent PhD prof. 

Mihai IONIŢĂ, a great agronomic engineer formed by the Agronomic 

Institute from Cluj I considered adequate to drawn the personality of this 

polyvalent agronomic engineer, extraordinary teacher and researcher, 

which he is. 

 

 

With laude and admiration to the Agronomic University from Cluj, 

modernized at the level of the European Universities, diversified in 

specializations (Agriculture, Horticulture, Forestry, Animal husbandry, 

Plant protection, Environment protection, Cadastre and Food sciences) 

all for offering an outstanding training and forming to its students. 
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Abstract 

 
The aim of the present paper is to assess the characteristics of the 

grasslands in the town of Ciacova, Timiş County, as a result of the pressure 

exerted by some direct factors (ecological factors) and indirect factors 
(geographical setting, grassland management). Mathematical modeling helps in 

the multidimensional approach to the characteristics of grasslands. By including 

statistics and Krighinc modeling technique, we were able to formulate a 
diagnosis of the grassland in Ciacova.  The grassland analysed (site 

ROSCI0346) is located in the Pannonian bio-geographical area, in the west of 

Romania. In 2011, it was declared a site of community interest, integral part of 

Natura 2000 European Ecological Network. Ciacova grassland (site 
ROSCI0346) is characterized by some phytocoenoses with distinct 

characteristics: 1.C - Elymus repens (L.) Gould, Cynodon dactylon (L.), Festuca 

pseudovina Hackel; 2.C - Festuca pseudovina Hackel, Puccinellia distans (L.) 
Parl. ssp. limosa (Schur) Jáv. and Bupleurum tenuissimum L.; 3.C - Typha 

latifolia L.; 4.C - Festuca pseudovina Hackel  and 5.C - Lolium perenne L., 

Bromus arvensis L. and Festuca pseudovina Hackel. The area under analysis 

presents a mosaic-like aspect in what its characteristics are concerned. Although 
from the point of view of coverage grasses are dominant, plants from other 

botanical families are dominant in what the number of species is concerned 

(AFB). There is low pastoral value: on a scale from 0 to 5, the values range from 
1.71 to 2.36. As with the other aspects under analysis, fodder yield (fresh fodder) 

is not the same in all areas under analysis. Overall, it is very low (average yield 

– 4.76 t.ha-1), which is the effect of poor management (undergrazing or 
overgrazing) and of other factors (climate, soil). Urgent management measures 

are required.  

 
Keywords:  grasslands, coverage, pastoral value, yield, multitask evaluation 
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INTRODUCTION  

 

By their multifunctional 

role, grasslands offer a large 

number of environmental 

services (SANDERSON et al., 

2007; LEMAIRE et al., 2005). 

These services include direct 

functional benefits in an 

agricultural context, such as 

biodiversity conservation, soil 

protection and resistance against 

climate change (WEIGELT A., 

2009). Most of these studies 

focused on grassland diversity 

and found that higher diversity 

leads to increased productivity 

(TILMAN et al., 1997, HECTOR 

et al., 2005; ROSCHER et al., 

2009; CARDINALE et al., 

2007). 

Plant communities, as the 

main structural element of 

grassland ecosystems, are 

distinguished by a 

multifunctional role in the 

formation of the agrarian 

landscape. The diversity of plants 

found in grasslands is important 

in the economic, aesthetic and, 

un-doubtfully, ecological sense 

(GYTAUTAS et al., 2013).  

“The development of 

mathematical logistics in the 

second half of the 20th Century, 

with its direct practical 

application in the intensification 

of computer science, led to an 

inclusion of mathematical 

techniques in the most varied 

sectors of human life, from 

theoretical sciences to applicative 

and administrative sciences. 

Consequently, there is no 

question whether starting from 

the natural object under analysis 

and ending with its conceptual 

representation, mathematical 

modeling was an essential stage, 

which now can offer humans 

better knowledge on the material 

systems in the Universe” 

(PUIA.I. et al., 2001). 

The paper approaches 

model as a “tool”, the realization 

of which should not be 

considered as an element 

indispensable for the study of 

grassland ecosystems. By “tool” 

we mean equipment used for 

measurements, procedures for 

collecting this information, as 

well as the norms for interpreting 

these data (ANSQUER 

PAULINE, 2006, BÂRLIBA C., 

2011) 

Models can offer a synthesis of 

data which can be used 

afterwards for extrapolation and 

prediction (THORNLEY et 

FRANCE, 1994, THORNLEY et 

JOHNSON, 2000). 

 

  

Luminita Cojocariu et al.
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 MATERIAL AND METHOD  

 

The site under study 
Ciacova grassland (site 

ROSCI0346) is located in the 

administrative territory of the 

town of Ciacova, Timiș County, 

and in 2011 it was declared as 

site of community interest, part 

of Natura 2000 European 

Ecological Network. The 

grassland covers 35.26 ha (Order 

2387/2011, of Natura 2000 

Standard Form). The site location 

based on the data in Natura 2000 

Standard Form is the following:  

N 450.29‟44‟‟ latitude, E 

2107‟32‟‟ longitude, a.s.l. 

(minimum -74 m, maximum -82 

m, average -78 m), in the 

Pannonian bio-geographical 

region.

 

   

Data analysis 

For investigating 

vegetation, the geo-botanical 

method is the most widely used 

(Braun-Blanquet, 1964). Based 

on field data, floristic surveys 

were made, which were used for 

establishing the following 

characteristics of vegetation: 

floristic composition and number 

of species. Agronomical aspects 

were also determined, such as: 

AG – degree of coverage (%),  G 

– percentage of grasses in the 

grassland (%); L – percentage of 

legumes in the grassland (%); 

AFB – percentage of plants from 

other botanical families in the 

grassland (%); VP – pastoral 

value and PUP – useful yield (t 

ha-1 fresh fodder). Ciacova 

grassland (site ROSCI0346) is 

characterized by some 

phytocoenoses with distinct 

characteristics: 1.C - Elymus 

repens (L.) Gould, Cynodon 

dactylon (L.), Festuca 

pseudovina Hackel; 2.C - 

Festuca pseudovina Hackel, 

Puccinelia distans (L.) Parl. ssp. 

limosa (Schur) Jáv. and 

Bupleurum tenuissimum L.; 3.C - 

Typha latifolia L.; 4.C - Festuca 

pseudovina Hackel  and 5.C - 

Lolium perenne L., Bromus 

arvensis L. and Festuca 

pseudovina Hackel.The 

communities from the vegetation 

cover under investigation were 

not defined as associations, due 

to the relatively high degree of 

anthropization of most grassland 

areas under study. Thus, we 

considered it necessary to 

mention the dominant species.

  

  

Luminita Cojocariu et al.
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Statistical analysis 

Statistical evaluation of 

data was made with the software 

MVSP 3.1. and PAST. 

Print analysis is a method 

that represents the areas 

described by the values found, 

which allows of simplified 

visualization of general 

characteristics and individualized 

printing 

(http://profs.info.uaic.ro/~val/stat

istica/StatWork_11.pdf).  

Principal component 

analysis (PCA) is a type of 

mathematical modelling that 

allows the selection of the 

important characteristics, 

reducing the complexity of data 

(data reduction), highlighting and 

fixating the pattern for 

associations (correlations) among 

variables. 

(http://profs.info.uaic.ro/~val/stat

istica/StatWork_11.pdf) 

The methods for spatial 

interpolation are stochastic 

methods, among which Kriging 

is the best known. The Kriging 

algorithm calculates the weight 

of the measured points and 

allows specialists to predict 

values for locations where no 

measurements were made. These 

weights are not only measured 

based on the distance between 

points, but also on the variation 

of the measured points depending 

on the distance. The Kriging 

process is made up of two parts, 

namely analysis of this spatial 

variation and calculation of the 

predicted values. (EPA-454/R-

04-004, Developing Spatially 

Interpolated Surfaces and 

Estimating Uncertainty, 

November 2004, 

http://www.epa.gov/airtrends/spe

cialstudies/dsisurfaces.pdf)

 
RESULTS AND DISCUSSIONS 

 

The vegetation of the 

analysed grasslands is not 

homogenous, thus we have 

considered for analysis each 

vegetal community separately. In 

this way we had analysed some 

agronomical aspects, based on 

the relevés made. The analysed 

vegetation swards were the 

following:   1.C - Elymus repens 

(L.) Gould, Cynodon dactylon 

(L.), Festuca pseudovina Hackel; 

2.C - Festuca pseudovina 

Hackel, Puccinelia distans (L.) 

Parl. ssp. limosa (Schur) Jáv. and 

Bupleurum tenuissimum L.; 3.C - 

Typha latifolia L.; 4.C - Festuca 

pseudovina Hackel  and 5.C - 

Lolium perenne L., Bromus 

arvensis L. and Festuca 

pseudovina Hackel. The analysed 

area is used for extensive sheep 

and cattle grazing.   

Research in this field 

(Gutauska et. Šlepetienė, 2004) 

showed that, in the long term 

researches, grassland ecosystems 

management through extensive 

grazing has led to an increase in 

Luminita Cojocariu et al.
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the number of plant species, and 

to improvement in soil 

parameters. 

The vegetation in the area 

under analysis presents different 

coverage on different soil 

surfaces. Thus, in Festuca 

pseudovina Hackel, Puccinelia 

distans (L.) Parl. ssp. limosa 

(Schur) Jáv. and Bupleurum 

tenuissimum L. phytocoenosis, as 

the area is characterized also by a 

patch of salty soil (2.C), the 

general coverage is 50%, while 

in phytocoenoses of Typha 

latifolia L. (3.C) and  Festuca 

pseudovina Hackel  (4.C), the 

coverage degree is 100%. 

Figure 1.A presents the 

prints of the areas unfolded by 

the values corresponding to the 

surveys from Ciacova, and figure 

1.B displays the markers for 

graphical printing, together with 

the general distribution 

characterizing grassland 

uniformity based on individual 

relevés.

 

 

  
A B 

Figure 1. Ciacova grassland fingerprints 

Legend: R = surveys (1, 2, 3, 4, 5); 1.C – 5.C = surveys of Ciacova grassland; 

AG = general coverage [%]; G = percentage participation of grasses, [%]; L = 

percentage participation of legumes, [%]; AFB = percentage participation of 

species from other botanical families, [%]; VP= pastoral value, PUP = potential 
useful yield [t.ha

-1
]; 
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Figure 1 shows that the 

area under analysis presents a 

mosaic-like aspect in what its 

characteristics are concerned. 

Although from the point of view 

of coverage grasses are 

dominant, plants from other 

botanical families are dominant 

in what the number of species is 

concerned (AFB). The Typha 

latifolia L phytocenosis (3.C) is 

characterized by a very high 

percentage of species from other 

botanical families - 71.8% of the 

total number of species, it being 

undergrazed (Fig.1). 

 The sward includes 

several leguminous, which 

represents 10 -15% out of the 

total number of species. 

Nevertheless, legumes represent 

only 0.92 - 4% as coverage. 

Festuca pseudovina Hackel 

phytocoenosis (2.C) is an 

exception, in that leguminous are 

absent.   

Grassland productivity 

depends on the functional 

composition of the plant 

community, the presence of 

legumes being very important 

(WEIGELT A., 2009). The 

pastoral value of the grasslands is 

low on all areas under study. The 

highest pastoral value (VP = 

2.37), was determined in Lolium 

perenne L., Bromus arvensis L. 

and Festuca pseudovina Hackel 

phytocoenosis (5.C). This was 

followed by Elymus repens (L.) 

Gould, Cynodon dactylon (L.), 

Festuca pseudovina Hackel 

phytocoenosis (1.C); where the 

reported pastoral value was 1.71, 

on 0 - 5 scale. 

 As in the case of the 

other analysed aspects, the 

fodder (fresh fodder) yield is 

different in the analysed swards, 

overall being very low (average 

yield – 4.76 t.ha
-1

), as a result of 

poor management (overgrazing), 

and other factors (climate, soil).  

The highest fresh fodder 

yield (8.87 t.ha
-1

) was found on 

the sward dominated by Lolium 

perenne L., Bromus arvensis L. 

and Festuca pseudovina Hackel.  

(5.C). 

The analysed grassland is 

characterized by overgrazing 

during summer, which leads to 

the diminishing of the 

participation and even 

disappearance of the valuable 

species in the grassland.

   

 

Luminita Cojocariu et al.
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Figure 2. Graphical representation of parameters logarithmic data of 

Ciacova surveys 

Legend: 1.C – 5.C = surveys of Ciacova grassland; AG = general 

coverage [%]; G = percentage participation of grasses, [%]; L = 

percentage participation of legumes, [%]; AFB = percentage participation 

of species from other botanical families, [%]; VP= pastoral value, PUP = 

potential useful yield [t.ha
-1

]; 

 

Figure 2 is highlighting 

the same trend of the pastoral 

value (VP) and the fodder yield 

(PUP). In the same way, the AFB 

parameter (species from other 

botanical families) is correlated 

with the degree of land coverage 

(AG) on the areas under analysis. 

Luminita Cojocariu et al.
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Figure 3. PCA case scores Euclidian biplot representation of Ciacova grassland 

surveys 

Legend: R = surveys (1, 2, 3, 4, 5); 1.C – 5.C = Ciacova grassland surveys; 

 

Figure 3 reveals the great 

difference between survey 2.C 

situated in the 4
th

 quadrant and 

the other surveys analysed, 

represented in the 1
st
 quadrant; 

this difference is explained by 

the low (50%) grasses coverage 

degree (AG) and by the lack of 

legumes in the vegetal cover, 

which is described as overgrazed 

cover of salty land.   

Regarding the spatial 

interpolation of the data 

corresponding to the 

participation percentage of the 

grasses, legumes and other 

botanical species in the selected 

surveys. (Figure 4).

 

 
Figure 4. Spatial interpolation of data based on Krigging algorithm 

Legend: 0x axis: participation of grasses [%]; 0y axis: participation of legumes 
[%]; 0z: participation of other botanical species [%] 
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The figure 4 shows that 

swards 1.C and 4.C have similar 

participation percentages (G, L 

and AFB), and very close to 5.C, 

being placed in the area with 

lighter colours. The grassland 

swards 3.C and 2.C are different. 

Sward 3.C presents the highest 

percentage of legume 

participation in the vegetation 

cover (15.38 %), the lowest 

percentage of grasses 

participation (12.82%) and the 

highest percentage of 

participation of other botanical 

species (71.8%). Sward 2.C is 

clearly distinguishable from the 

other swards, its colour being 

given by the participation degree 

of AFB (54.55%), lower than in 

the other species communities. 

Management plays a very 

important role in the grassland 

ecosystem, which must keep a 

balance, avoiding overgrazing as 

well as undergrazing, both 

having unwanted ecological and 

economic effects. 

Some studies (DORIOZ 

et al., 1991) link this information 

to the practice effect and with the 

“use value” (VU).  

In this situation, the 

recommendations regarding the 

management of these grasslands 

are to be adjusted depending on 

the objective targeted by the 

farmers (ANDERSON, V. J. et 

D. D. BRISKE, 2003, BÎRLIBA 

C., 2011).

 

 
CONCLUSIONS 

 

Assessment of the 

grassland vegetation cover 

through statistics and 

KRIGHINC modelling gave us 

the possibility to diagnose the 

grassland in Ciacova, in order to 

offer solutions for its better 

management.   

Thus, the vegetation on 

the analysed grassland swards 

presents a mosaic-like structure, 

and the yield is not uniform, as a 

result of poor management: 

overgrazing, undergrazing, lack 

of maintenance works, ecological 

limitations (such as low fertility 

of the soil, summer drought etc.). 

The overgrazing during summer 

has led to the diminishing and 

even the disappearance of the 

valuable species from the 

grassland, which is highlighted 

by the low pastoral value.  

Under these 

circumstances, the following 

measures are required: balancing 

the animal load, practicing 

rational grazing through 

separating the area into plots of 

land, which would give the 

possibility to perform current 

maintenance on the grasslands.
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Abstract 

 
Nitrogen fixation in legume species sown in pure culture or in pasture 

mixtures is positively influenced by the technological work of bacterial 

inoculation, but this process can be inhibited by nitrogen fertilisation. Research 
estimated the contribution of the studied legume species to nitrogen fixation on 

temporary pastures where these species are cultivated in mixtures with pasture 

grass species.  

 

Keywords: legumes, temporary pastures, nitrogen fixation, inoculation, 

fertilisation 

 
INTRODUCTION 

 
 

Temporary pastures are 

an important source of fodder 

and, due to their contribution to 

nitrogen fixation (symbiotic 

fixation) make the entire fodder 

mixture efficient (DRAGOMIR, 

2012). 

The diversity of 

ecological conditions where 

about 150,000,000 ha of 

temporary pastures are cultivated 

worldwide determines a wide 

range of variation of nitrogen 

fixation rates. Depending on the 

legume species in the pasture 

mixtures with different grass 

species, we could see wide limits 

of estimation of fixed nitrogen 

amounts: 65-99 kg/ha in the 

pastures with Trifolium repens, 

73-343 kg/ha in the pastures with 

Trifolium pratense, 82-319 kg/ha 

in the pastures with Medicago 

sativa, and 25-130 kg/ha in the 

pastures with Lotus corniculatus 

(BOLLER and NÖSEBERGER, 

1987; FARNHAM and 

GEORGE, 1993; HEICHEL and 

HENJUM, 1991; LOGES et al., 

2000; RIFFKIN et al., 1999; 

VINTHER and JENSEN, 2000; 

WIVSTARD et al., 1987). 

Most researches pointed 

out that nitrogen fixation in 

temporary pasture cultures is 

influenced by several factors 
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such as their ecological nature, 

their technological nature and the 

method of determining fixed 

nitrogen amounts (LEDGARD 

and STEEL, 1992). The paper 

points out the contribution of 

perennial legume species sown in 

pure and mixed cultures to 

biological nitrogen fixation 

(BNF) on temporary pastures in 

different technological 

conditions.

 
MATERIAL AND  METHODS 

 

Research was carried out 

during 2012-2014 on a cambic 

chernozem and within a 

polyfactorial experiment with 

three trial factors: bacterial 

inoculation of legumes, nitrogen 

fixation (N100), pure legume 

cultures or cultures associated 

with grasses (Medicago sativa, 

Lotus corniculatus, Medicago 

sativa + Dactylis glomerata, 

Lotus corniculatus + Lolium 

perenne, Medicago sativa + 

Lotus corniculatus + Dactylis 

glomerata + Lolium perenne). 

In order to inoculate 

bacterially, we used specific, 

improved stems of 

Sinorhizobium meliloti and 

Rhizobium meliloti, and the 

amount of fixed nitrogen (BFN) 

was estimated through the 

nitrogen difference method of 

EVANS and TAYLOR (1987). 

The estimated amount of 

BFN in the soil rizosphere was 

assessed based on research 

results; thus, 75% of the amount 

of BFN is in the aerial biomass 

and 25% remain in the soil, in the 

root system; after decomposition, 

this amount of nitrogen will go to 

the grass species in the pasture or 

to the crops in the crop rotation 

(NUTMAN, 1976; MOGA et al., 

1996).

 

 
RESULTS AND DISSCUSSIONS  

 

The ecological 

importance of legumes in 

nitrogen fixation has been an 

important concern for researchers 

due to both the biological size of 

the phenomenon and particularly 

to the rate of improvement of 

natural and cultivated 

ecosystems. Technological 

conditions can decrease or, on 

the contrary, increase the 

nitrogen fixation capacity of the 

soil depending on the nature of 

the technological elements used 

in the process.
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Table 1  

Difference of BFN in trial variants compared to the control 

 
Pasture sepcies and species 

mixtures 

No 

inoculation 
or 

fertilisation 

 

(kg/ha/year) 

Inoculation and 

fertilisation 

No inoculation, 

fertilisation N100 

kg/ha
/year 

Difference to 
the control 

kg/ha
/year 

Difference to 
the control 

kg/ha/yea

r 

% kg/ha/yea

r 

% 

Medicago sativa (Ms) 256 

168 

107 

90 

61 

323 

202 

141 

98 

109 

67 

34 

34 

8 

48 

126 

120 

132 

109 

179 

164 

124 

83 

46 

52 

130 

44 

24 

44 

9 

64 

74 

78 

51 

85 

Lotus corniculatus (Lc) 

Ms+Dactylis glomerata 

(Dg) 

Lc+Lolium perenne (Lp) 

Ms+Lc+Dg+Lp 

 

In the control variants, 

where there was no bacterial 

inoculation or nitrogen 

fertilisation, the estimated 

amounts of BFN are 256 

kg/ha/year in pure culture of 

Medicago sativa, 168 kg/ha/year 

in pure culture of Lotus 

corniculatus, 107 kg/ha/year in 

the mixed culture of Medicago 

sativa + Dactylis glomerata, 90 

kg/ha/year in the mixed culture 

of Lotus corniculatus  + Lolium 

perenne and 61 kg/ha/year in the 

mixed culture of Medicago sativa 

+ Lotus corniculatus + Dactylis 

glomerata + Lolium perenne. 

With bacterial inoculation of 

legumes, the share of BFN 

increases compared to the control 

with 9-79% depending on the 

legume cultivation method. In all 

cultivation variants with nitrogen 

fertilisation N100, the amount of 

BFN increases with 15-49% 

(Table 1).

 
Table 2 

 Estimated amount of BFN in the rizosphere in the control variants 
(kg/ha) 

 

Pasture species and species 

mixtures 

Year I Year II Year 

III 

Mean of 

vegetation 

years 

Medicago sativa (Ms) 17 

19 

11 

10 

11 

72 

54 

37 

36 

19 

102 

82 

32 

21 

15 

64 

52 

27 

22 

15 

Lotus corniculatus (Lc) 

Ms+Dactylis glomerata (Dg) 

Lc+Lolium perenne (Lp) 

Ms+Lc+Dg+Lp 
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Cultivating legumes with 

no nitrogen inoculation or 

fertilisation results in an 

estimated amount of BFN in the 

rizosphere at the end of 

vegetation periods of 15-64 

kg/ha/year available after 

cultivation for the crops 

following in the crop rotation 

(Table 2). 

 
Table 3 

 Estimated amount of BFN in the rizosphere in the variants inoculated 
but not fertilised (kg/ha) 

 

Pasture species and species 
mixtures 

Year I Year II Year 
III 

Mean of vegetation 
years 

Medicago sativa (Ms) 24 

23 

14 
13 

25 

93 

72 

36 
42 

39 

126 

56 

24 
18 

20 

81 

50 

25 
24 

28 

Lotus corniculatus (Lc) 

Ms+Dactylis glomerata 

(Dg) 

Lc+Lolium perenne (Lp) 

Ms+Lc+Dg+Lp 

 

Bacterial inoculation of 

legumes also results in an 

increase of the amounts of BFN 

in the rizosphere to 24-81 

kg/ha/year, 26-60% more than in 

the variants not inoculated (Table 

3). 

 

Table 4  

Estimated amount of BFN in the rizosphere in the variants fertilised with 
N100 and not inoculated (kg/ha) 

 

Pasture species and species 

mixtures 

Year I Year II Year 

III 

Mean of vegetation 

years 

Medicago sativa (Ms) 13 

17 

8 

8 
12 

49 

37 

31 

18 
21 

61 

39 

23 

9 
7 

41 

31 

20 

12 
13 

Lotus corniculatus (Lc) 

Ms+Dactylis glomerata 

(Dg) 

Lc+Lolium perenne (Lp) 

Ms+Lc+Dg+Lp 

 

Nitrogen fertilisation 

(N100) also affects the amount of 

BFN in the plants‟ rizosphere, 

with values ranging between 12-

41 kg/ha/year, i.e. 20-36% less 

than in the control variants and 

over 50% less than in the 

inoculated variants (Table 4). 

The prolonged use of nitrogen 

fertilisers on pastures reduces not 
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only the share of legumes but 

also the colonising of the root 

system by nitrogen fixing 

bacteria and, ultimately, the node 

formation and increase ability 

(CAMERONI, 2008). Other 

authors consider that each kg of 

nitrogen applied as fertiliser 

reduces the amount of fixed 

nitrogen with 0.5 kg (HARRIS 

and CLARK, 1996).

 

CONCLUSIONS 

 

Bacterial inoculation 

contributes to the increase of 

fixed nitrogen with 20-26% in 

the legumes in pure culture and 

with 9-79% in the legumes 

cultivated in association with 

grass species. At the end of the 

vegetation years, the amount of 

fixed nitrogen in the rizosphere 

varies between 15 and 64 

kg/ha/year in the control variant 

and between 24 and 81 

kg/ha/year in the variants 

inoculated. 

Nitrogen fertilisation 

reduces both the amount of fixed 

nitrogen and the amount of 

nitrogen in the soil. 
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Abstract  

By choosing the species and determining the proportions in relation to 

concrete economic and stationary conditions one can influence the conditions of 

competition between species conducting further mixtures developments in the 
desired direction by applying appropriate technologies. The present study aims 

to track the productivity and floristic composition of a complex forage mixture 

under the influence of different technological inputs. The mixture formed by red 

clover (Trifolium pratense (15%)), perennial ryegrass (Lolium perenne (20%)), 
festulolium (Festulolium (25%)), timothy (Phleum pratense (15%)) and cooksfoot 

(Dactylis glomerata (25%)) was sown on 2 different distances between rows (12, 

5 and 25 cm) and was fertilized with mineral complex NPK (15:15:15) and 
ammonium nitrate (33,3%) in four different doses, as follows: V1- control, V2- 

N50P60K80, V3- N75P60K80, V4- N100P60K80. Experimental plots were 

mowed thrice/year. In order to accomplish our objectives we present data 
regarding DM production and floristical composition data registered in 2013. 

The biological material is formed by foreign breeds of .CutMax Original type, 

commercialized by de EVERDE Company. The results allowed us to make some 

recommendation in which concerns the technology of the forage mixture studied.  

 
Keywords: mixture, production, floristic composition, fertilizer  

 
INTRODUCERE  

 

The productivity of 

grasslands is a complex attribute, 

on which award contributes a 

number of interrelated elements 

with important role in 

quantitative characterization of 

grasslands. Maintaining the 

productive potential of seeded 

grassland at a certain level can be 

achieved by using valuable 

species of grasses and legumes. 

(MOTCA et al., 2007). By 

choosing the species and 

determining the proportions in 

relation to concrete economic 

and stationary conditions one can 

influence the conditions of 

competition between species and 

further one can conduct the 

developmentsof forage mixtures 

in the desired direction by 

applying appropriate 
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technologies. Both perennial 

grasses and legumes from the 

mixture are particularly 

demanding to soil nutrients.  

Therefore fertilization has a 

complex action on seeded 

grassland and the achievement of 

high productions depends on 

fertilizer input (Talpan, 2008).  

The necessity to promote 

new informations for farmers in 

which concerns both legumes 

and grasses forage mixtures and 

the characteristics of species and 

varieties that formed them, 

results from the lack of 

information for most farmers on 

new varieties of forage plants 

from the Romanian market, and 

because of climate change 

impacts on fodder production 

(WEINDORF et al., 2009). 

 

MATHERIAL AND  METHOD 

 

The present study aims to 

track DM productivity and 

floristic composition of a 

complex forage mixture under 

the influence of different 

technological inputs. The 

experiments were installed in 

2012 in the ARDS Turda, 

Romania. Experimental 

conditions are characterized by a 

clay soil of faeoziom iluvial 

vertic type. The average annual 

temperature recorded in 2013 

was 10,43
0
C and the amount of 

precipitation of 523.2 mm. The 

complex forage mixture formed 

by red clover (Trifolium pratense 

(15%)), perennial ryegrass 

(Lolium perenne (20%)), 

festulolium (Festulolium (25%)), 

timothy (Phleum pratense 

(15%)) and cooksfoot (Dactylis 

glomerata (25%)) was sown on 2 

different distances between rows 

(12, 5 and 25 cm) sand it was 

fertilized with mineral complex 

NPK (15:15:15) and ammonium 

nitrate (33,3%) in four different 

doses, as: V1-control variant, 

V2- N50P60K80, V3- 

N75P60K80, V4- N100P60K80. 

In order to accomplish our 

objectives we present data 

regarding DM production and 

floristical composition data 

registered in 2013. The 

biological material is formed by 

foreign breeds of .CutMax 

Original type, commercialized by 

de EVERDE Company. A 

nonaggressive and digestible 

breed of cooksfoot was used 

(DONATA).  

The experimental plots 

were mowed thrice/year. The 

statistical interpretation of data 

was performed using POLIFACT 

program.
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RESULTS AND DISCUSSIONS 

 

The mixture taken in the 

study registered a DM production 

with values between 10.33 t/ha 

(V1, 25 cm) and 15.25 t/ha (V4, 

12.5 cm; Table 1). Considering 

the influence of the distance 

between rows was seen that 

variants seeded at 12.5 cm had 

the best response, registering a 

production between 12.14 t/ha 

and 15.25 t/ha. Variants sown at 

25 cm registered DM productions 

with values between 10.33 t/ha 

and 13.45 t/ha.  

 
Table 1 

Comparation between variants sown 12,5 cm and those sown on 25 cm 

  (regarding the influence of mineral fertilizer on DM production) 

 
Distance 

between 

rows 

Variants  DM 

production  

[t/ha] 

Percent Difference Semnification 

12,5 cm 

V1- 0 kg/ha 12,14 100,0 0,00 Mt. 

V2- 

N50P60K80 

12,96 106,7 0,82 ** 

V3- 

N75P60K80 

12,68 104,4 0,54 * 

V4- 

N100P60K80 

15,25 125,6 3,11 *** 

25 cm 

V1- 0 kg/ha 10,33 100,0 0,00 Mt. 

V2- 

N50P60K80 

11,95 115,7 1,62 *** 

V3- 

N75P60K80 

11,68 113,0 1,35 ** 

V4- 

N100P60K80 

13,45 130,2 3,12 *** 

DL (p 5%) 0,61                       DL (p 1%) 0,92                                      DL (p 0.1%) 1,49 

  

 
The studied mixture reacted the 

best on fertilization with 

N100P60K80 both on the 

variants seeded at 12.5 cm, 

where there was a difference of 

3.11 t/ha compared to the 

control, as well as those seeded 

on 25 cm, where there was a 

difference of 3.12 t/ha (Table 2). 

The worst reaction to mineral 

fertilization has been reported on 

V3, fertilized with N75P60K80, 

where variants seeded at 12.5 cm 

obtained a DM production with 

0.28 t/ha lower than V2. On the 

plots seeded at 25 cm, on V3, we 
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obtained a DM production with 

0.27 t / ha lower than the 

production registered at V2. 

From all the variants, the 

worst response was recorded on 

V3, sown at 25 cm, variant that 

obtained a DM production of 

11.68 t / ha, smaller with 3.57 

t/ha than the maximum 

production obtained. 

The results are consistent 

with other research in the field 

(Deak, 2012). 

 
Table 2 

Interactions Fertilization – Distance between rows  

 
Average error  SX =        0,08 () 

Distance in classification     2 3 4 5 6 7 8 

Values [t/ha] 3,46        3,59       3,65        3,68        3,69        3,70       3,70 

Theoretical DS values             0,61        0,63        0,64        0,65       0,65        0,65        0,65 

 

The analysis of floristic 

composition revealed a different 

behavior of the species from the 

complex forage mixture Taken 

under study the influence of 

experimental factors (Figure 1). 

it can be seen that the 

experimental conditions 

stimulated red clover competition 

which recorded high percentage 

of participation in the structure of 

the mixture. Among variants 

seeded at 12.5 cm, grasses 

showed a higher share than 

legumes just on V3 (51%) and 

V4 (64.65%). Grasses had the 

best response on V3, sown at 25 

cm where recorded 73.33% of 

Experimental 

plots in 

ascending 

order of the 

harvest 

registered 

Dry matter 

production 

[t/ha] 

Classification  

2 3 4 5 6 7 8 

11,68        11,95  12,14       12,68       12,96       13,45 15,25 

V1 D2               10,33       1,35        1,62        1,81        2,35        2,63        3,12        4,92 

V3 D2 11,68         0,27       0,46        1,00        1,28        1,77        3,57 

V2 D2               11,95   0,19        0,73     1,01      1,50        3,30 

V1 D1               12,14          0,54       0,82        1,31        3,11 

V3 D1               12,68           0,28        0,77        2,57 

V2 D1              12,96            0,49        2,29 

V4 D2              13,45       1,80 

V4 D1              15,25        
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the vegetation structure. Grasses 

reaction is justified also by the 

biological material used, grass 

varieties used being less 

aggressive in order to ensure a 

stable mixture and thus a high 

palatability and digestibility 

(SAVATTI et al., 1973). Similar 

reactions of grasses mixed with 

perennial legumes were reported 

also by TALPAN, 2008 and 

DEAK, 2012. 

 

 

 
 

Figure 1. Amount Grass sp. - Legumes sp. 

 

Once with the increasing 

of feed/nutrition space (different 

distances between rows, the 

intensive fertilization regime) 

competition between species was 

stimulated (Figure 2). 

Fertilization with N75P60K80 

triggered competition between 

red clover and festulolium.  

On this graduation red 

clover‟s place was taken by 

festulolium (on both distances 

between rows). Red clover had 

the best response on 

N100P60K80 sown at 25 cm, 

where recorded 85.87% from the 

structure of the mixture. 

Festulolium reaction to this 

fertilization dose was inversely 

proportional with that manifested 

by red clover. At the same dose 

of fertilizer, at 25 cm distance 

between rows (red clover variant 

which has the highest percentage 

of participation) festulolium 

recorded the lowest percentage of 

participation in the grassy carpet 

structure (5.60%). Perennial 

ryegrass and Cocksfoot showed 

no obvious reaction to 

technological inputs applied. 

Thus, both species occupied a 

stable percentage in the mixture 

structure, without large 

significant differences between 

variants sown at different 

0.00

20.00

40.00

60.00

80.00

100.00
V1

V2

V3

V4

V1

V2

V3

V4

Legumes sp.
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Legend 

 

V1 – control variant; 

V2 –N50P60K80; 

V3–N75P60K80; 

V4–N100P60K80 

12, 5 cm 25 cm 
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distances, or to different inputs of mineral fertilization.  

 

Figure 2. Evolution of floristic compozition (on 12, 5 cm and on 25 cm) 

 

CONCLUSIONS 

 

 

The highest DM production of 

15.25 t / ha was achieved on V4, 

sown on 12.5 cm, variant on 

which N100P60K80 was applied. 

The given experimental 

conditions among with the 

biological material used, spurred 

kegumes capacitity for 

competition. If on sowing red 

clover occupied only 15% from 

the total mixture under the 

influence of experimental factors 

this species has become very 

competitive, reaching 81.23% at 

V2, sown on 12.5 cm. Grasses 

recorded the highest rate of 

participation in the structure of 

the mixture (73.33%) in V3, 

sown at 25 cm (variant was 

applied N75P60K80). Therefore 

we recommend that this mixture 

should be sown on 12.5 cm 

distance between rows and 

fertilized with N100P60K80. 
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Abstract  

 
The studies have been carried out in 1995-2013 period on degraded 

subalpine grasslands invaded by Nardus stricta, at 1800 m altitude in Bucegi 

Massif, Meridional Carpathians. In 1995 after spraying the glyphosate, liming at 

2/3 hydrolytic soil acidity and tilling with a rotary cultivator it was reseeded with 
a mixture of species that are not present in spontaneous flora and fertilised with 

chemical products for 3 consecutive years. Same treatment, consisting of liming 

and fertilisation, was applied also on the control plot with natural grassy carpet. 
After 18 years of paddocking and utilisation with dairy cows the mean dry matter 

yield of reseeded grassland was with 34% higher compared to natural grassland 

and the milk production by 13%. Botanical composition and forage quality were 
better in reseeded plot, the milk quality and soil agrochemical indices were 

better in control plot. Regarding the conversion forage-milk indices, sown plot is 

superior to control plot (natural grassland). In 18 years, the mean production 

obtained from sown grassland in a grazing season of 85 days was of 4.378 litters 
per hectare, with approximately 500 litters higher compared to the control plot, 

that underlines the economic efficiency of establishing the sown grasslands even 

at this altitude were is possible.             
 

Keywords:  Nardus stricta, subalpine grasslands, reseeded, grazing with dairy 

cows, milk and forage quality, agrochemical indices 
 
INTRODUCTION  

  

Reseeding as an 

improvement method of Nardus 

stricta grasslands it is well 

known in our country 

(BARBULESCU, MOTCA, 

1983; MARUSCA et al., 2010).  

Less known is the length 

of reseeded grasslands effect in 

comparison to natural grassland 

as well as the long term influence 

of reseeding method on dry 

matter yield and milk production 

of grazing dairy cows.  

A long term complex 

analysis on the relation soil-

plant-animal-animal product on 

natural grassy carpet can provide 

a correct answer on reseeding 

efficiency of degraded grasslands 

as an improvement method of 
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subalpine grasslands from 

Carpathians invaded by Nardus 

stricta (Marusca et al., 2010).  

 

MATERIAL AND METHOD  

The researches have been 

carried out in Bucegi Massif, 

Meridional Charpathians, on a 

degraded Nardus stricta 

grassland located at 1.800 m 

altitude in Pinus mugo floor at 

the Research Centre for 

Mountain Grasslands, Blana-

Bucegi. 

The experimental plots are 

the following: 

1. Plot A: Nardus stricta natural 

grassland limed up to 2/3 from 

hydrolytic acidity (in 1995), 

fertilized in three years (1996-

1998) with  150 kg /ha N + 75 kg 

/ha P2O5 +75 kg/ha K2O, 

followed by paddocking in 2003 

and 2009; 

2. Plot B: grassland sprayed 

with gliphosate, reseeded, tilled 

with rotary cultivator and limed 

in 1995, fertilized with minerals 

(NPK) in 1996-1998 period, the 

same as plot A, followed by 

paddocking with dairy cows in 

2002 and 2008. 

Sown mixture consists in: 

Phleum pratense Favorit variety 

(40%), Festuca pratensis 

Transilvan variety (25%), Lolium 

perenne Marta (5%), Trifolium 

hybridum – Brasov local variety 

(15%), Lotus corniculatus Livada 

(15%). The experimental plots 

have been grazed by dairy cows, 

Schwyz breed (Maramures 

Brown), adapted to harsh 

mountain conditions, with a 

proper health situation and a 

uniform milk production (12-14 

l/livestock unit), being excluded 

the primiparous cows and the old 

ones.  

Grazing system was free 

(continuous), with a stocking rate 

of 4 livestock units (LU) per 

hectare (3 cows/plot) on a 

surface of 7.500 square meters 

each. 

In order to determine the 

yield and to take samples for 

assessing the fodder quality there 

have been placed 3 cages, in all 

experimental plots, each with a 2 

square meters surface in three 

replications. The harvesting was 

done once a year, in the first 

decade of August, during the 

blooming of grass species. 

Chemical analyses for 

determination of forage quality 

have been done at the chemical 

laboratory from Research and 

Development Institute for 

Grasslands Brasov and the soil 

samples by the Office of 

Pedological and Agrochemical 

Studies Brasov.    

The milk 

production/dairy cow was 

determined weekly by measuring 

the milk quantities from the 

milking process on Wednesday 
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evening and Thursday morning. 

For determining the quality for 

each experimental year, once 

every two weeks, milk samples 

have been taken.  The samples 

have been analysed in order to 

determine the main 

physicochemical parameters, 

using a quick milk analyser, 

Ekomilk Total type.  
 

RESULTS AND DISCUSSIONS  

First results, obtained in 

1996, after the improvement 

measures carried out in the 

summer of 1995 are showed in 

Table 1.  

 
Table 1 

Dry matter yield (DM) of sown grassland compared to natural grassland (1996 – 2013) 

Blana Bucegi 

 

Improvement and maintenance 

fertilizations 
Year 

Dry matter yield, t/ha 

A 
Limed at 

2/3 Hydrolytic 
acidity 

B 
Sprayed  
Limed 
Sown 

% 
B compared to A 

Soil improvement measures 
 

1995 

1. Conventional yield 

Annual fertilization, three 
consecutive years with 150 kg/ha 
N,50 kg/ha P2O5 şi 50 kg/ha K2O 

1996 7,61 8,68 114 

1997 5,22 6,86 131 

1998 2,15 2,58 120 

Conversion to organic production 
1999 2,09 2,68 128 

2000 2,02 2,77 137 

Conventional MEAN  * 3,82 4,71 123 

2. Organic production 

Paddocking 5 nights with a dairy 
cow on 6 square meters + 100 kg/ha 
P2O5 organic product in different 
years (P) 

2001 4,62 5,54 120 

2002 3,50 P * 

2003 P 10,65 * 

2004 5,81 9,22 159 

2005 6,73 6,38 95 

2006 3,55 4,68 132 

2007 3,67 8,00 218 

2008 2,95 P * 

2009 P 6,34 * 

2010 4,51 3,55 79 

2011 5,60 6,83 122 

2012 6,30 4,68 74 

2013 3,20 3,74 117 

Organic MEAN  * 4,59 6,33 138 

GENERAL MEAN * 4,35 5,82 134 
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After the first three years 

of chemical fertilization and two 

years of conversion to organic 

production, the mean of dry 

matter yield was with 23% 

higher, with increases of 

production in every year from 

1996 to 2000. Starting from 2001 

until 2013 it was obtained an 

organic production of forage 

because the fertilization was 

done in two series by paddocking 

with dairy cows and with 100 

kg/ha P2O5 a usual method in 

organic agriculture (MARUSCA, 

FRAME, 2003). Surprisingly the 

DM organic yield in the last 13 

years was with 38% higher on 

reseeded plot compared to the 

control variant. On average, on 

the 18 years of organic 

production the DM yield is with 

34% higher from the reseeded 

plot.

 

Botanical composition 

 

From the first 

improvement measure of studied 

grasslands, in 1995, when 

Nardus stricta had a participation 

of 40%, after 18 years this 

species is no longer present in 

experimental plots (Table 2). 

From the species sown, in 

2013, are still present Phleum 

pratense, 7%, and Festuca 

pratensis, 3%, the species who 

due to a short vegetation period 

have not produced viable seeds 

for auto seeding. The place of 

reseeded species, after 18 years 

have been taken by spontaneous 

species as Agrostis capillaris 

(32%) and Poa pratensis (23%), 

high valuable species for 

subalpine floor. In natural sward 

it has installed and extended Poa 

pratensis (26%), Festuca 

nigrescens (17%), and less 

Agrostis capillaris (13%), 

valuable species also. 

From legumes, Trifolium 

repens is installed in both plots, 

with 15% in natural plot and 18% 

in reseeded plot. Other species 

are better represented in natural 

plot (20%) compared to the 

reseeded plot.  

On natural grassland, a 

high level of participation is 

presented by Polygonum bistorta 

species, stimulated by liming and 

fertilization, reaching 12%.  

As a result of present 

researches this species, 

apparently unwanted, has a good 

forage value and is consumed by 

animals (CIOPATA et al. 2014).

  

Forage quality 

 

Chemical analyses of forage 

obtained from the 2 plots in 2013 

are underlining their good quality 

and slight differences between 

them (Table 3). It can be stated 

that the differences between the 2 
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plots, from quality of forage 

point of view, are not notable 

(essentials).  

 

Milk production 

The mean of daily milk 

production per dairy cow in the 

grazing season of 72 days in the 

dry year 2013 was with a litter 

higher in case of the cows from  

reseeded plot, meaning 12,5 l/LU 

compared to 11,5 l/LU on natural 

grassland (Table 4). In total milk 

production per hectare this 

reflected that was with 8% higher 

on reseeded plot. 
Table 2 

Botanical composition of  improved Nardus stricta grasslands after 18 years of 

grazing with dairy cows, Blana – Bucegi, 2013 [% participation] 
 

Species 
Initial 
1995 

Plot Dif. 
± 

% B  
compared 

to A 
A 

natural 
B 

sown 

GRASSES, total 80 65 74 + 9 114 

Spontaneous 80 65 64 - 1 98 

Nardus stricta 40 - - - - 

Festuca nigrescens + 17 2 - 15 12 

Festuca ovina 8 + + 0 0 

Agrostis rupestris 12 1 3 + 2 300 

Agrostis capillaris - 13 32 + 19 246 

Phleum alpinum + 4 + - 4 25 

Poa media 17 2 + - 2 50 

Poa pratensis - 26 23 - 3 88 

Poa annua - + - - - 

Anthoxanthum odoratum + + - - - 

Deschampsia flexuosa 3 + - - - 

Deschampsia caespitosa + 3 4 + 1 133 

Sown * - 10 * * 

Phleum pratense * - 7 * * 

Festuca pratensis * - 3 * * 

LEGUMES, total 8 15 18 + 3 120 

Trifolium repens 8 15 18 + 3 120 

OTHER SPECIES, total 12 20 8 - 12 40 

Potentilla aurea 4 1 + - 1 10 

Ligusticum mutellina 8 1 + - 1 10 

Ranunculus montanum + 2 2 0 0 

Polygonum bistorta + 12 1 - 11 8 

Hieracium aurantiacum + + - - - 

Campanula napuligera + 1 + - 1 10 

Taraxacum officinale - 2 2 0 0 

Achillea millefolium + + + 0 0 

Alchemilla sp. + 1 3 + 2 300 

Other species + + + 0  0 

Pastoral value* (Pv) 18 52 61 + 9 117 

Increase of Pv 100 290 340 * * 

*) B= high (50-75 points); M= medium (25-50 points); S= low (5-25 points) 
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Table 3 

Results of chemical analyses of grassland forage from 2013, dairy cows plot 

Blana Bucegi 

 

Plot 

Dry 

matter 

t/ha 

Crude 

protein 

 % 

Crude ash  

% 

Crude fibre 

% 

ADF  

% 

ADL  

% 

NDF 

% 

DDM 

 % 

OMD 

 % 

A 

natural 
3.20 12.53 8.30 28.77 33.20 4.10 52.53 65.37 61.57 

B 

sown 
3.74 12.33 7.33 30.50 34.60 3.40 53.87 65.40 61.63 

Dif. 

+     - 
+ 0,54 -  0,20 - 0,97 + 1,73 + 1,40 - 0,70 + 1,34 + 0,03 + 0,06 

%B 

compared 

to A 

117 98 88 106 104 83 103 100 100 

 
Table 4 

Mean of daily milk production, Blana – Bucegi, 2013 

(Grazing season – 72 days) 

 

Month Decade  

No. of 

days 

Group Dif. ± % B 

compared to 

A 
A 

natural 

B 

sown 

June 

II (12-20) 9 15,3 15,0 - 0,3 98 

III (21-30) 10 12,3 14,1 + 1,8 115 

Mean 19 13,7 14,5 + 0,8 106 

July  I (1-10) 10 14,3 15,0 + 0,7 105 

II (11-20) 10 12,1 14,2 + 1,1 117 

III (21-31) 11 10,1 10,5 + 0,4 104 

Mean 31 12,1 13,1 + 1,0 108 

August I (1-10) 10 9,3 11,0 + 1,7 118 

II (11-20) 10 8,6 9,3 + 0,7 108 

III (21-22) 2 6,7 7,2 + 0,5 107 

Mean 22 8,7 9,9 + 1,2 114 

Mean (Total) 72 11,5 12,5 + 1,0 108 

Animal Load LU/ha 4 4 0 0 

Milk production on 72 days l/ha 3324 3606 + 282 108 

 

Analysing the mean of 

multiannual milk production it 

can be noticed that in 

conventional period (1996-2000) 

the yield per hectare is with 7% 

higher in reseeded plot compared 

to control plot and with 16% 

higher in organic period (201-

2013) (Table 5). 
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Table 5 

Total milk production from sown grassland compared to natural grassland 

 (1996 – 2013) Blana Bucegi  

Improvement and 

maintenance fertilizations  
Anul 

Dry matter yield (t/ha) 

A 
Limed at 

2/3 

Hydrolytic 

acidity 

B 
Sprayed  
Limed 

Sown 

% 

B compared to 
A 

Soil improvement solutions 
 

1995 

1. Conventional yield 

Annual fertilization, three 
consecutive years with 150 

kg/ha N,50 kg/ha P2O5 şi 50 

kg/ha K2O 

1996 5.690 7.020 123 

1997 5.803 5.335 92 

1998 4.272 4.673 109 

Conversion to organic 

production 

1999 4.364 4.368 100 

2000 1.960 2.150 110 

Conventional MEAN  * 4.418 4.709 107 

2. Organic production 

Paddocking 5 nights with a 
dairy cow on 6 square meters + 

100 kg/ha P2O5 organic 

product in different years (P) 

2001 2.460 2.690 109 

2002 2.280 P * 

2003 P 5.899 * 

2004 4.946 5.221 106 

2005 3.350 4.658 139 

2006 3.910 4.080 104 

2007 4.072 4.976 122 

2008 4.182 P * 

2009 P 4.372 * 

2010 4.127 4.510 109 

2011 3.964 3.740 94 

2012 3.386 2.752 81 

2013 3.324 3.606 108 

Organic MEAN  * 3.637 4.228 116 

GENERAL MEAN * 3.881 4.378 113 

For all the 13 years analysed just 

in three cases of dry years (1997, 

2011, 2012) the milk production 

from natural grassland (control) 

has been slightly higher than the 

one obtained on reseeded plot.

    

Milk quality 

Analyses performed in 2013 have 

shown a higher fat content by 

0.4% on natural grassland 

compared with reseeded plot; the 

differences for the other 

parameters are smaller (Table 6).
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Table 6

Results of milk chemical analyses from 2013, Blana Bucegi  

 
Plot Fat 

% 

SNF*) 

% 

Density Protein 

% 

Freezing 

point 
0
C 

Lactose 

% 

pH 

A 

natural 
4,03 8,81 1,0290 3,33 - 0,574 4,82 6,63 

B 

sown 
3,61 8,67 1,0290 3,27 - 0,569 4,76 6,62 

Dif. 

± 

- 

0,42 
- 1,4 0 - 0,06 - 0,005 - 0,6 -0,01 

% B 

compared 

to A 

90 98 100 98 99 99 100 

  *
)  

Solid non fat 

  

The fats, protein and lactose 

content are in normal range as 

well as pH and density of the 

milk obtained only from grass 

conversion without any 

concentrated feeds.

  

Forage - dairy milk conversion indices 

 

For a better emphasize of the 

qualities of the two plots it has 

been set a number of synthetic 

indices for the conversion of 

forage yield in milk production 

(Table 7).

  
 

Table 7
Fodder - dairy milk conversion indices on subalpine grasslands  

Blana – Bucegi, 2013 

 

Specification 

Group Dif. 
± 

% B 
compared to 

A 
A 

natural 
B 

sown 

Dry matter production 3,20 3,74 - 0,54 117 

Crude protein production 401 461 + 60 115 

Milk production 3324 3606 + 282 108 

Milk fat 136 131 - 5 96 

Milk protein  111 118 + 7 106 

Kg DM for 1 L milk 1,0 1,0 0 0 

g CP for 1 L milk 121 128 + 7 106 

Kg DM for 1 Kg fat 24 29 + 5 121 

Fodder protein/milk protein 

ratio 
3,6/1 3,9/1 

+ 0,3 
108 
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Even from this aspect in 

2013, after 18 years from 

intervention, maintenance and 

exploitation with dairy cows, the 

reseeded plot is superior to the 

variant with natural grassy 

carpet; similar to the precedent 

determinations. 

Regarding to the kg 

DM/1 litter of milk conversion 

indices 1.0 is in both cases higher 

than in case of other more 

favourable climatic conditions 

and the protection of grazing 

animals.  

Other parameters such as 

g PB/1 litter of milk or kg DM/1 

kg of milk fats and the forage 

protein/milk protein ratio are 

smaller in the control plot, 

compared to reseeded variant 

mainly, due to their biodiversity.

 

Soil agrochemical indices 
 

In the two plots have been made 

determinations of soil 

agrochemical indices, which at 

control plot are slightly 

favourable, compared to the 

reseeded plot (Table 8).

     
Table 8 

Soil agrochemical indices from the dairy cow‟s experience  
Blana Bucegi, 2013 

 
 

Plot  

Analysis /UM 

pH Al 

meq/ 

100 g 

soil 

Hydrolytic 

acidity 

meq/ 

100 g soil 

CEC*  

meq/ 

100 g 

soil 

Base 

saturation 

% 

Humus 

% 

NI** 

% 

Mobile  

P  

ppm 

Mobile 

K 

ppm 

A 

natural 

5,5 0,460 13,5 19,9 59,5 12,60 7,49 106,0 250,0 

B 
sown 

5,2 1,400 23,3 11,2 32,4 10,26 3,32 37,0 240,0 

Dif. 

± 

- 0,3 + 

0,940 

+ 9,8 - 8,7 - 27,1 - 2,34 - 4,17 - 69,0 - 10,0 

   % B 

compared  

to A 

95 304 173 56 54 81 443 35 96 

*Cation exchange capacity  

** Nitrogen index 

 

In control plot pH value, 

base saturation degree, humus 

and the phosphorus content are 

more favourable compared to 

reseeded plot were the soil is 

more acid, mobile aluminium 

content higher and the base 

saturation degree lower.  
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From current complex and long 

term analyses can be obtained 

particular results on the influence 

of reseeding method and her 

benefit duration in organic milk 

production, as well as of the 

effect on environment and 

subalpine grassland biodiversity.    
 

CONCLUSIONS 

 

Reseeded the degraded subalpine 

Nardus stricta grasslands is an 

efficient measure of 

improvement for the high 

mountains where it can possible 

to be applied. On reseeded 

grasslands after spraying with 

gliphosate, tilled with rotary 

cultivator and sown in summer, 

with proper liming and 

fertilization, followed by 18 

consecutive years of grazing with 

dairy cows, it can be obtained a 

mean of 5.82 t/ha DM yield, with 

34% more than the control plot 

production. 

Mean of dairy milk production 

per hectare over 18 years is of 

4.378 litters/ha on reseeded 

grassland, with 500 litters higher 

compared to the one obtained 

from the grassland with natural 

sward. In organic production 

interval (2001-2013), the dry 

matter yield and milk 

production/ha were higher, 

compared to the conventional 

production period (1996-2000), 

that highlights the progressive 

amelioration of soil conditions, 

botanic composition and forage 

quality after an appropriate 

management for a longer time. 

The improvement of degraded 

Nardus stricta grasslands by 

reseeding method, were it is 

possible, in enclaves from the 

subalpine floor can reduce the 

grazing pressure from adjacent 

areas with fragile ecosystems.

 

 
REFERENCES  

 

1. Barbulescu C., Motca Gh., 1983 - Pasunile muntilor inalti, Ed. Ceres, 

Bucuresti,  

2. Ciopata Andreea Cristina, Marușca T., Haș E.C., 2014 - Nutritional 

quality of a number of weeds from permanent grassland, Romanian 

Journal of Grassland and Forage Crops, No. 9, (pp 19-24), ISSN 

2068-3065 

3. Marusca T., Frame J., 2003 - Pasture improvement strategies in the 

Carpathians pacage with dairy cows, Grassland Science in Europe, 

vol. 8, 219-221 

Marusca T. et al.



 

Romanian Journal of Grassland and Forage Crops 2014(10)                                                      43 

 

4. Marusca T., coordonator, 2010 - Tratat de reconstructie ecologica a 

habitatelor de pajisti si terenuri degradate montane, Ed. 

Universitatii Transilvania din Brasov, ISBN 978-973-598-787-9 

5. Marusca T., Blaj V.A., Mocanu V., Cardasol V., Oprea Georgeta, 

2010 - The utilization of  improved subalpine pastures by dairy 

cows,  Romanian Journal of Grassland and Forage Crops, No. 

1/2010 

  

Marusca T. et al.



 

Romanian Journal of Grassland and Forage Crops 2014(10)                                                      44 

 

  



 

Romanian Journal of Grassland and Forage Crops 2014(10)                                                      45 

 

CHANGES IN VEGETATION IN A FESTUCA RUBRA MEADOW 

IN APUSENI MOUNTAINS DUE TO ORGANIC FERTILIZATION 

 

Adriana MOREA
*
, ROTAR I.

*
, Roxana VIDICAN

*
, PĂCURAR

 
 F.

*
, 

STOIAN V.
*
  

 
*Faculty of Agriculture. University of Agriculture and Veterinary Medicine Cluj, 

3-5 Calea Mănăștur str., 400372, Cluj-Napoca, Romania.  

Corresponding author: vlad.stoian@usamvcluj.ro 

 

Abstract 
Grasslands represent one of the fundamental biomes of biosphere. They 

interfere with the climate change and represent the subject of numerous studies. 

Balanced organic fertilization influences vegetation composition in a positive 
way. Manure fertilizer is indicated for use on permanent grasslands with a high 

specific richness. The amount of manure applied to preserve the biodiversity of 

flora is between 9-20 t / ha, depending on soil trophic level. In our experience 
has been tested the effect of three levels of fertilization with manure on the 

vegetation cover, in a natural grassland of Festuca rubra. We studied the effect 

of organic fertilizers on a terra rosa soil, the experience being placed after the 
randomized block method in four replications, with four variants. Experimental 

plot area was 10 m2, the 4 experimental variants were: V1-fertilized lawn, V2-10 

t / ha, V3-20 t / ha, V4-30 t / ha. When applying the organic fertilizer, the 

percentage of participation in the vegetation of grass sp. increases after three 
years of experimentation, from 38% at unfertilized variant to 60.2% in the 

variant fertilized with 30 t/ha manure. The total number of species decreases 

from 29, present in the canopy of unfertilized variant, to 14 species at variant 
with 30 t/ha manure, 16 species leaving the studied phytocoenosis. 

 

Keywords: cluster analysis, indicator species, natural grassland, organic 
fertilization 

 
INTRODUCTION 

 

Grasslands are one of the 

fundamental biomes of 

biosphere. They interfere with 

the climate change and represent 

the subject of numerous studies. 

Under the first soil layer of 

primary grassland were formed 

very fertile soils due to the 

fasciculate roots that are linking 

earth particles in stable 

aggregates, enrich them with 

organic matter and nitrogen 

captured by fixing bacteria. 

Balanced organic fertilization 

influences vegetation 

composition in a positive way. 

Manure fertilizer is indicated for 

use on permanent grasslands with 

a high specific richness. The 

amount of manure applied to 
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preserve the biodiversity of flora 

is between 9-20 t / ha, depending 

on soil trophic level. 

 
MATERIALS AND METHODS 

In our experience has 

been tested the effect of three 

levels of fertilization with 

manure on the vegetation cover, 

in a natural grassland of Festuca 

rubra, during 2005-2007. We 

studied the effect of organic 

fertilizers on a terra rosa soil, the 

experience being placed after the 

randomized block method in four 

replications, with four variants, 

placed in the area of Ghețari 

village, Alba county, Romania. 

Experimental plot area was 10 

m
2
, the 4 experimental variants 

were: V1 - fertilized lawn, V2 - 

10 t/ha manure, V3 - 20 t/ha 

manure and V4 - 30 t/ha manure. 

Analysis of experimental data 

was performed with the software 

R statistics (R Core Team, 2014), 

packages "vegan" (OKSANEN et 

al., 2013) for metaMDS function, 

"cluster" (Maechler et al., 2013) to 

separate by groups the vegetation 

and "indicspecies" (De 

CACERES and LEGENDRE, 

2009) for for finding the 

indicator species of different 

groups of vegetation. 

 

RESULTS AND DISCUSSION 
 

Application of organic 

fertilization caused a strong 

differentiation of vegetation, 

changes in the number of species 

and coverage enabling separation 

by groups according to 

similarities (Fig. 1). 

A first grouping of 

vegetation types is based on 

separation produced by 

fertilization, A1 group consisting 

of unfertilized variants in all 

three years of experimentation 

and A2 group comprising all 

fertilized variants, regardless of 

the applied dose (Tab. 1). 

Indicator species for the 

two clusters were Potentilla 

erecta, Polygala vulgaris, 

Plantago lanceolata and 

Plantago media for group 

consisting of unfertilized 

variants, respectively Taraxacum 

officinale for fertilized variants 

group (Tab. 1). 

Plant association groups 

were statistically assured as 

significant. 
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Figure 1. Dendogram obtained by cluster analysis on the vegetation 

 

A separation into three 

groups of vegetation observed in 

the experimental years indicates 

presence of a group consisting 

from a single variant (V2 in the 

experimental year 3), this group 

make the transition from 

unfertilized vegetation type to 

stronger fertilization of area (Fig. 

1). Among the indicator species, 

only Polygala vulgaris and 

Plantago media remain 

indicators for unfertilized variant 

(group B1) and Potentilla erecta 

species is common for groups B1 

and B3 (Tab. 1, Fig. 1). 

Association of species with 

vegetation groups at the second 

segmentation was statistically 

assured as significant. 

The best results are 

given by a segmentation into 4 

clusters (Fig. 1), for the groups of 

vegetation formed being 

observed a number 8 indicator 

species (Tab. 1). Species 

Polygala vulgaris is a significant 

indicator for the absence of 

fertilization (group C1), for 

moderate fertilization 10 t/ha 

manure (C2) are significant 

Tragopogon pratensis and 

Myozotis sylvatica as indicator 

species, and for unfertilized or 

moderately fertilized areas were 

considered indicators species 

Plantago media and Stellaria 

graminea (C1 + C2). A single 

species, Potentilla erecta, also 

appears at unfertilized variant 

and at a fertilization with 30 t/ha 

manure (C1 + C4), while only 

two species from the canopy 

occur in almost all groups (C1 + 

C2 + C4) and namely Rhinanthus 

minor and Colchicum autumnale. 

The two species do not occur in 

the first two years of fertilization 

with 20 t/ha manure or in the first 

year on a fertilization base with 

30 t/ha manure, but they are 

installed back in the canopy after 

accumulating a sufficient amount 

of nitrogen from decomposing 

manure (Tab. 1, Fig. 1). 

The division into five 

vegetation groups brings with it 

individualization as a group by 
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itself of the experiemental variant 

fertilized with 30 t/ha manure in 

the third year of application (Fig. 

1). Strong separation affects the 

process of highlighting indicator 

species, only four species are 

considered indicators of 

vegetation (Tab. 1): Polygala 

vulgaris for group consists of 

unfertilized variants (D1), 

Myozotis sylvatica for variant 

fertilized with 10 t/ha manure in 

the third year of application (D2) 

and Plantago media and Stellaria 

graminea for both groups (D1 

and D2). 

For the experiment 

presented in this paper, a 

separation of vegetation in 2 or 4 

distinct clusters is very useful in 

highlighting the highest number 

of indicator species (Tab. 1.).

 

 
Table 1  

Indicator species for vegetation clusters 

 
Plant Code Association 

statistic 

p.value Group 

Potentilla erecta Poteerec 0.991 0.003 ** A1 

Polygala vulgaris Polyvulg 0.985 0.006 ** 

Plantago lanceolata Planlanc 0.956 0.005 ** 

Plantago media Planmedi 0.900 0.037 * 

Taraxacum officinale Taraoffi 0.991 0.003 ** A2 

 

Polygala vulgaris Polyvulg 0.983 0.014 * B1 

Plantago media Planmedi 0.950 0.045 * 

Potentilla erecta Poteerec 0.983 0.014 * B1 + B3 

 

Polygala vulgaris Polyvulg 0.957 0.025 * C1 

Myozotis sylvatica Myozsylv 1.000 0.012 * C2 

Tragopogon 

pratensis 

Tragprat 0.939 0.040 * 

Plantago media Planmedi 0.993 0.023 * C1 + C2 

Stellaria graminea Stelgram 0.992 0.018 * 

Potentilla erecta Poteerec 0.983 0.027 * C1 + C4 

Rhinanthus minor Rhinmino 0.986 0.016 * C1 + C2 

+ C4 Colchicum 

autumnale 

Colcautu 0.924 0.044 * 

 

Polygala vulgaris Polyvulg 0.957 0.038 * D1 

Myozotis sylvatica Myozsylv 1.000 0.012 * D2 

Plantago media Planmedi 0.991 0.036 * D1 + D2 

Stellaria graminea Stelgram 0.999 0.047 * 

Note: Significance codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1.  
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Placement of identified 

species in the experimental field 

on the graph of a NMDS 

ordination indicate the 

preferences of plants for the 

amount of organic fertilizers and 

its potential influence on the 

vegetation coverage (Fig. 2). 

Species Potentilla erecta, 

Polygala vulgaris, Plantago 

lanceolata and Plantago media, 

considered significant indicator 

species for unfertilized variant, 

are placed together with the 

species Carex pallescens 

(Carepall) Luzula multiflora 

(Luzumult), Gymnadenia 

conopsea (Gymncono) and 

Hypericum maculatum 

(Hypemacu) outside of the 

fertilization gradient. 

The 8 species 

considered as indicator for 

groups obtained after 

segmentation into 4 clusters (Fig. 

1) are complemented by other 

species on NMDS ordination 

graph (Fig. 3).  

Most species from other 

botanical families than Poaceae 

or Fabaceae are located outside 

of clusters that received any 

amount of manure. 

Gramineae are favored 

by increasing the amount of 

nutrients after fertilization, a 

phenomenon also found at 

leguminous (Fig. 2).

 

 

 
Figure 2. NMDS ordination of vegetation in 2 clusters 
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Note: Code for species: Agrostis capillaris Agrocapi, Anthoxanthum odoratum Anthodor, 

Briza media Brizmedi, Cynosurus cristatus Cynocris, Festuca pratensis Festprat, Festuca 

rubra Festrubr, Trisetum flavescens Trisflav, Lathyrus pratensis Lathprat, Lotus 

corniculatus Lotucorn, Trifolium pretense Trifprat, Trifolium repens Trifrepe, Trifolim 

montanum Trifmont, Vicia cracca Vicicrac, Carex pallescens Carepall, Luzula  

multiflora Luzumult, Achilea milefolium Achilmile, Alchemilla vulgaris Alchvulg, 

Arnica Montana Arnimont, Cardaminopsis halleri Cardhall, Campanula patula 

Camppatu, Carlina acaulis Carlacau, Carum carvi Carucarv, Centaurea phrygia agg 

Centphag, Cerastium glomeratum Ceraglom, Colchicum autumnale Colcautu, Crepis 

biennis Crepbien, Crysanthemum leucantheum Crysleuc, Euphorbia carniolica Euphcarn, 

Galium verum Galiveru, Gentiana precox Gentprec, Gymnadenia conopsea Gymncono, 
Heracleum sphondylium Heraspho, Hieracium aurantiacum Hieraura, Hieracium pilosela 

Hierpilo, Hypericum maculatum Hypemacu, Leontodon autumnale Leonautu, 

Leucanthemum vulgare Leucvulg, Myozotis sylvatica Myozsylv, Pimpinella major  

Pimpmajo, Plantago lanceolata  Planlanc, Plantago media Planmedi, Poa trivialis 

Poatrivi, Polygala vulgaris Polyvulg, Potentilla erecta Poteerec, Prunella vulgaris 

Prunvulg, Ranunculus acris Ranuacri, Ranunculus bulbosus Ranubulb, 

Rhinanthus minor Rhinmino, Rumex acetosa Rumeacet, Scabiosa columbaria Scabcolu, 

Stellaria graminea Stelgram, Taraxacum officinale  Taraoffi, Thymus 

pulegioides Thympule, Tragopogon pratensis Tragprat, Veronica chamaedrys  

Verocham, Viola canina Violcani, Viola declinata Violdecl, Viola tricolor Violtric 

 

 
Figure 3. NMDS ordination of vegetation in 4 clusters 
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CONCLUSION 

 

The use of indicator 

species is useful in assessing the 

effect of fertilization, especially 

when applied in combination 

with cluster analysis. 

Potentilla erecta and 

Polygala vulgaris species are 

present on the surfaces where 

applied small amounts of organic 

fertilizers are. Organic 

fertilization positively influences 

grasses and leguminous, creating 

prerequisites for their strong 

development in canopy. 

Plants belonging to other 

botanical families are placed 

outside the central niche of 

vegetation and having an 

opportunistic attitude regarding 

the application of fertilizers.
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Abstract 
Mineral fertilization produce significant changes in grasslands 

phytocoenosis, fluctuations within it depending on the weather conditions, the 

amount of fertilizer applied, the duration and timing of applications. This type of 
fertilizer leads to specific biodiversity restriction starting from the first year of 

application. In our experience has been tested the effect of three levels of 

fertilization with mineral fertilizers on the vegetation cover, in a natural 

grassland of Festuca rubra. We studied the effect of organic fertilizers on a terra 
rosa soil, the experience being placed after the randomized block method in four 

replications, with four variants. Experimental plot area was 10 m2, the 4 

experimental variants were: V1-unfertilized grassland, V2-50N 25P2O5 25K2O 
kg/ha, V3-100N 50P2O5 50K2O kg/ha, V4-150N 75P2O5 75K2O kg/ha. 

Regarding the evolution of the species in the experimental field we observed that 

species Festuca rubra and Agrostis capillaris significantly increase their 
proportion after the application of mineral fertilizers doses. Lotus corniculatus 

and Trifolium repens species suffer a considerable decrease in phytocoenosis 

proportionally with increasing doses of applied fertilizers and Carex pallescens 

leaves the canopy after gradual increase of mineral fertilizers. Floristic diversity 
is greatly reduced from the first year of study, application of mineral fertilizers 

favoring the exit from canopy of 19 species. 

 
Keywords: natural grassland, mineral fertilization, canopy changes, floristic 

diversity, cluster analysis. 

 
INTRODUCTION 

 

Mineral fertilization 

produce significant changes in 

grasslands phytocoenosis, 

fluctuations within it depending 

on the weather conditions, the 

amount of fertilizer applied, the 

duration and timing of 

applications. This type of 

fertilizer leads to specific 

biodiversity restriction starting 

from the first year of application 

(Rotar et al., 2010). 

Graminaceous species increase in 

participation after the application 

of mineral fertilizers, in 

particular to high doses. 
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Leguminous know some 

oscillations increasing their 

participation after the application 

of moderate doses, while at the 

maximum dose of fertilizer there 

is a reduction in their percentage. 

Plants from other botanical 

families reduce their 

participation after applying 

fertilization. 

 

Aims and objectives 

 

In our experience has been tested 

the effect of three levels of 

fertilization with mineral 

fertilizers on the vegetation 

cover, in a natural grassland of 

Festuca rubra.

 

MATERIALS AND METHODS 

 

We studied the effect of organic 

fertilizers on a terra rosa soil, the 

experience being placed after the 

randomized block method in four 

replications, with four variants, 

observation being made during 

2005-2007. Experimental plot 

area was 10 m
2
, the 4 

experimental variants were: V1-

unfertilized grassland, V2-50N 

25P2O5 25K2O kg/ha, V3-100N 

50P2O5 50K2O kg/ha, V4-150N 

75P2O5 75K2O kg/ha, differences 

between the variants were 

analyzed by LSD test in Statstica 

software (Statsoft, 2012) and 

with the software R statistics (R 

Core Team, 2014), packages 

"cluster" (Maechler et al., 2013) to 

separate by groups the vegetation 

and "indicspecies" (De Caceres 

and Legendre, 2009) for for 

finding the indicator species of 

different groups of vegetation. 

   

RESULTS AND DISCUSSION 

 

Influence of mineral 

fertilization is seen very strong 

on 9 of the species present in the 

canopy, the differences between 

variants being significant (Tab. 

1). Among the grasses Agrostis 

cappilaris species significant 

increase in direct proportion to 

the dose of mineral fertilizers 

applied.  

Lotus corniculatus 

decreases as nitrogen rates 

increased, to values of 0.10% 

cover.
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Table 1  

Differences between plant cover caused by mineral fertilization 

 

Plant V1 V2 V3 V4 

Agrostis capillaris 7.50 25.33 46.33 ** 67.67 ** 

Lotus corniculatus 3.67 0.50 ** 0.17 ** 0.10 ** 

Carlina acaulis 0.10 0.03 * 0.00 ** 0.00 ** 

Carum carvi 0.37 0.3 ** 0.00 ** 0.00 ** 

Carex pallescens 0.17 0.00 *** 0.00 *** 0.00 *** 

Plantago lanceolata 2.07 0.03 ** 0.83 0.00 ** 

Plantago media 4.00 2.00 ** 0.00 ** 0.00 ** 

Potentilla erecta 7.17 2.83 0.53 * 0.03 * 

Rumex acetosella 0.20 1.00 2.00 ** 0.50 
Note: Number of * denote significant differences (LSD test, p < 0.05, p<0.01, p<0.001). 

 

Species Carlina acaulis, 

Carum carvi, Carex pallescens, 

Plantago lanceolata and 

Plantago media decrease with 

intensification and disappear 

from the canopy at doses of 100N 

50P2O5 50K2O kg/ha and 150N 

75P2O5 75K2O (Tab. 1). A single 

species from other botanical 

families is favored by the 

application of mineral 

fertilization, Rumex acetosella, 

but only up to a maximum dose 

of 100N 50P2O5 50K2O kg/ha, 

over this fertilization level 

decrease in the degree of 

coverage. 

Indicator species 

analysis is essential to identify 

the optimal number of clusters. 

The higher greater number of 

species, the greater confidence in 

the ability of vegetation to 

indicate disturbances caused by 

the mineral fertilization (tab. 2). 

For two clusters, the 

number of indicator species is 14, 

the absence of fertilization in 

variants combined in cluster A1 

is evidenced by a number of 13 

species. For the application of 

mineral fertilizers only species 

Trisetum flavescens is a good 

indicator after 3 years of 

experimentation (tab. 2, fig. 1). 

A fragmentation of 

vegetation in 3 clusters, manages 

to bring out the character of 

transition in ecological niche of 

17 species. For the cluster B1, 

disappear as indicators species 

Leontodon autumnale,Potentilla 

erecta and Luzula multiflora and 

instead appear as indicators 

species Prunella vulgaris and 

Cerastium glomeratum. These 

five species indicates disturbance 

induced by application of mineral 

fertilizers in sward (tab. 2, fig. 1). 

Trisetum flavescens 

species remains a good indicator 

of fertilization and intensification 

character is highlighted by 
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species Alchemilla vulgaris, 

Vicia cracca, Leontodon 

autumnale and Crepis bienis 

(tab. 2, fig. 1).  

Emergence of 

Leontodon autumnale as an 

indicator species for B1 and B2 

groups highlights the sensitivity 

of this species to intensification.  

Moderate fertilization is 

indicated by the species 

Euphorbia carniolica and the 

transition from the initial sward 

to this fertilization type is 

indicated by a total of 11 species. 

Species Alchemilla 

vulgaris remains a good indicator 

species for the transformations 

undergone by vegetation 

observed in clusters C1, C2 and 

C4 (tab. 2, fig. 1).

 

 
Table 2  

Indicator species for clusters 

 
2 

cluste

rs 

14 species sig 3 clus 17 species sig 4 clus 13 species sig 

A1 13 species 
 

B1 12 species  C4 1 species  

Carep

all 
1 

0.00

7 
** 

Carep

all 
1 

0.00

3 
** 

Euphc

arn 
1 

0.02

2 
* 

Gymnc

ono 
1 

0.00

7 
** 

Gymnc

ono 
1 

0.00

3 
** 

C1 + 

C4 
11 species  

Planm

edi 

0.99

2 

0.00

7 
** 

Planm

edi 

0.98

5 

0.00

5 
** 

Carep

all 
1 

0.00

8 
** 

Caruc

arv 

0.98

5 

0.00

9 
** 

Caruc

arv 

0.97

4 

0.00

9 
** 

Gymnc

ono 
1 

0.00

8 
** 

Rhinm

ino 

0.98

2 

0.00

7 
** 

Rhinm

ino 

0.96

8 
0.01 ** 

Leucv

ulg 

0.99

3 

0.03

4 
* 

Lotuco
rn 

0.96
7 

0.01
2 

* 
Lotuco

rn 
0.94

1 
0.04

4 
* 

Planm
edi 

0.99
1 

0.00
7 

** 

Leona

utu 

0.95

2 

0.03

1 
* 

Carlac

au 

0.91

3 

0.01

4 
* 

Caruc

arv 

0.98

4 

0.01

1 
* 

Carlac

au 

0.94

9 
0.02 * 

Planla

nc 

0.89

4 

0.01

4 
* 

Rhinm

ino 
0.98 

0.02

1 
* 

Planla

nc 

0.93

7 

0.01

9 
* 

Scabc

olu 

0.85

7 

0.04

2 
* 

Lotuco

rn 

0.97

3 
0.05 * 

Poteer

ec 

0.92

9 

0.04

5 
* 

Arnim

ont 

0.81

6 

0.04

4 
* 

Carlac

au 

0.95

3 

0.01

1 
* 

Scabc

olu 

0.91

3 

0.02

8 
* 

Prunv

ulg 

0.81

6 

0.03

7 
* 

Leona

utu 

0.94

8 

0.04

9 
* 

Luzum

ult 
0.86 

0.04

5 
* 

Ceragl

om 

0.79

3 
0.03 * 

Planla

nc 

0.94

3 

0.01

6 
* 

Arnim 0.81 0.04 * B1 + 4 species  Scabc 0.93 0.03 * 
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ont 6 2 B2 olu 9 2 

A2 1 species 
 

Alchvu

lg 

0.95

3 

0.01

8 
* 

C1+C

2+C4 
1 species  

Trisfla

v 

0.98

1 

0.00

7 
** 

Vicicr

ac 

0.94

8 

0.03

2 
* 

Alchvu

lg 

0.97

4 
0.02 * 

   
 

Leona

utu 

0.93

5 

0.01

7 
*     

    
Crepbi

en 
0.91

2 
0.04

6 
*     

    
B2 + 

B3 
1 species      

    
Trisfla

v 
0.99 

0.00

2 
**     

Signif. codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 

Note: Code for species: Trisetum flavescens Trisflav, Lotus corniculatus Lotucorn, Vicia 

cracca Vicicrac, Carex pallescens Carepall, Luzula  multiflora Luzumult, Alchemilla 
vulgaris Alchvulg, Arnica montana Arnimont, Carlina acaulis Carlacau, Carum carvi 

Carucarv, Cerastium glomeratum Ceraglom, Colchicum autumnale Colcautu, Crepis 

biennis Crepbien, Euphorbia carniolica Euphcarn, Gymnadenia conopsea Gymncono, 

Leontodon autumnale Leonautu, Plantago lanceolata  Planlanc, Plantago media 

Planmedi, Potentilla erecta Poteerec, Prunella vulgaris Prunvulg, Rhinanthus minor 

Rhinmino, Scabiosa columbaria Scabcolu. 

 

 
Figure 1. Dendogram obtained by cluster analysis on the vegetation 

 

Adriana Morea et al.



 

Romanian Journal of Grassland and Forage Crops 2014(10)                                                      58 

 

CONCLUSIONS 

 

The fertilization variants 

used in the study determine the 

modification of the structure both 

through the light of floristic 

composition from the analyzed 

community (pointing out three 

different evolution stages) as 

well as through their diversity. 

The results obtained 

suggest the fact that the mineral 

fertilization based on NPK has a 

combined and complementary 

action over the analysed 

phytocenosis. The main factors 

that influence the variation of the 

diversity index are the quantity 

of mineral N, of manure and the 

number of years with constant 

fertilization. The utilization of 

numerical methods for the 

analysis of the ecological data 

can be very useful in the 

elaboration of the management 

plans of the vegetal communities.
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Abstract 

This study was conducted within the Săcuieni locality, Bihor county in 

early 2012, in order to recommend the best mineral fertilizer graduation for pure 

cultures of Dactylis glomerata and Medicago sativa in the climatic conditions 
from the area. We used 2.5 kg / ha of Medicago sativa seed and 5 kg / ha 

Dactylis glomerata seed. The study was arranged in four randomized variants 

with four repetitions. The experimental variants were: V1 - control, V2 - 

N60P40, V3 - N120P80, V4 - N240P160. To determine the effectiveness of 
fertilization we took into account the green mass and the dry matter production. 

Keywords: Dactylis glomerata, Medicago sativa, mineral fertilizer, pure culture. 

INTRODUCTION  

In the hilly regions of our 

country BĂRBULESCU and 

MOTCA (1987) recommends the 

establishment of sown pastures 

due to special conditions found 

here. In addition to the higher 

yields that are obtained, in excess 

of 10 t / ha of dry matter, sown 

grassland helps to protect the soil 

from erosion and improves its 

characteristics. Pure cultures, 

both poaceae and fabaceae 

presents numerous advantages 

and disadvantages, that can be 

largely avoided by setting up 

simple or complex mixtures of 

perennial poaceae and fabaceae 

for grasslands, the advantage of 

these mixtures consists in 

nitrogen fertilizer dose reduction 

applied to stimulate symbiotic 

nitrogen fixation by fabaceae and 

supplementing in this way the 

mixture necessary (DRAGOMIR 

Nicoleta et al., 2005). 

Dactylis glomerata species 

productivity is known both in 

pure cultures and in mixtures 

with perennial fabacee, 

confirmed by BĂRBULESCU et 

al. (1991), which shows that 

temporary meadows give very 

high yields which typically are 

exceeding 10 t / ha DM . 

Perennial fabaceae are 

considered to be the most 
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valuable forage crops spread on 

the earth surface, being 

recognized by their special 

fodder value. They generally 

have a high content of crude 

protein and are better consumed 

than the poaceae (ANGHEL, 

1984). In culture conditions, pure 

or mixed, some perennial 

fabaceae achieve high yields of 

dry matter, such as Medicgo 

sativa. 

 

Objectives 

 

The aim of this study is to 

analyze the behavior of two 

species in pure culture (Dactylis 

glomerata and Medicago sativa) 

in the climatic conditions around 

Săcuieni also determining the 

production of these pure cultures 

with specific degrees of fertilizer 

input used in ecological farming.

 

 

Natural surroundings 

 

The experiments were located in 

the Săcuieni locality, located 42 

km north-east of Oradea, near the 

Hungarian border. 

Average yearly temperature 

during 2010 – 2013 in Săcuieni 

was 10.2 ° C, with an annual 

scheme that highlights oceanic 

influences, caracteristic for the 

western plains (with local 

differences caused by global 

solar radiation regime, with the 

association and the influence of 

other factors: settlement in 

latitude, altitude, atmospheric 

dynamics, etc.).  

Continental climate with oceanic 

hues of the Săcuieni city gives 

great precipitation contrasts from 

season to season and from year to 

year, registering an multiannual 

average of 566.3 mm.

    

MATERIALS AND METHODS 

 

The experience is composed 

of 4 variants in 4 repetitions 

each. For sowing these 

experimental plots were used the 

following quantities of seeds: 

Medicago sativa (100%), 2.5 

kg/ha; Dactylis glomerata 

(100%), 5 kg/ha. Floristic studies 

were conducted using the 

gravimetric method, or the 

weighing method that is used to 

study the vegetation especially to 

record the changes that occur in 

grassland vegetation under the 

action of certain measures to 

improve them or methods of use 

(ROTAR et al., 1995; 2003; 

2010; ADRIAN et al., 1999). 

The statistical processing was 

done by analysis of variance and 
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statistical interpretation method using Duncan test.

 

RESULTS AND DISCUSSIONS 

Dactylis glomerata 

Green mass production 

Dactylis glomerata pure culture 

responded particularly well to 

mineral fertilization, as shown in 

Table 1.1. Mineral fertilizers 

reaction is particularly strong, 

registering increases of over 40 

t/ha in the variant with the 

highest graduation of 

fertilization.  

These are covered statistically as 

beeing distinct positive 

significant.

  
Table 1.1. 

The fertilizer influence over the green mass production (t/ha) 

 

Variant Production Procentage% Difference Significance 

V1 ( 
control) 

20.65 100.0 0.00 Ct. 

V2 (N60P40) 31.70 153.5 11.05 *** 

V3 (N120P80) 46.03 222.9 25.38 *** 

V4(N240P160) 60.68 293.9 40.04 *** 

DL (p 5%) 4.01 

DL (p 1%) 5.77 

DL (p 0.1%) 8.48 

 
Harvest differences and their semnification 

 
 

Variants in order of 

increasing crop 

 

 

GM harvest t/ha 

Variants in order of increasing 

crop 

2 3 4 

GM t/ha 

31.70 46.03 60.68 

1 20.65 11.05 25.38 40.04 

2 31.70  14.33 28.99 

3 46.03   14.65 

4 60.68    
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DS 5% values for the comparison of different variants limits 

 

Average error  SX = 1.26 ( t/ha) 

Classification distance 2 3 4 

Q values 3.20 3.34 3.42 

Teoretical DS values 4.02 4.19 4.29 

 

Dry matter production 

The production of dry matter for 

Dactylis glomerata pure culture 

values are between 4.13 t / ha in 

the control variant, to 12.14 t / ha 

in the variant with the biggest 

graduation of fertilizer. The 

results are statistically confirmed, 

as shown in Table 1.2. The 

reaction to mineral fertilization 

of Dactylis glomerata species is 

known to be very good and has 

been confirmed by other 

researchers such as ROTAR 

(1993) ŞUTEU Alina (1997), 

DEAK (2012).  

However once again is 

confirmed that the application of 

high doses of mineral fertilizers 

(N240P160) lead to the tripling 

of the results (8.01 t / ha DM - 

Harvest difference compared to 

control). 
 

Table 1.2. 

The fertilizer influence over the dry matter production (t/ha) 
 

Variant Production Procentage% Difference Significance 

V1 (control) 4.13 100.0 0.00 Ct. 

V2 (N60P40) 6.34 153.6 2.21 *** 

V3 (N120P80) 9.20 222.9 5.07 *** 

V4(N240P160) 12.14 294.1 8.01 *** 

DL (p 5%) 0.80 

DL (p 1%) 1.15 

DL (p 0.1%) 1.69 
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Harvest differences and their semnification 

 
 
Variants in order of 

increasing crop 

 
 

DM harvest t/ha 

Variants in order of increasing 
crop 

2 3 4 

DM t/ha 

6.34 9.20 12.14 

1 4.13 2.21 5.07 8.01 

2 6.34  2.86 5.80 

3 9.20   2.94 

4 12.14    

 
DS 5% values for the comparison of different variants limits 

 

Average error  SX = 0.25 ( t/ha) 

Classification distance 2 3 4 

Q values 3.20 3.34 3.42 

Teoretical DS values 0.80 0.83 0.85 

 

Medicago sativa 

Green mass productionUnlike 

the pure culture of Dactylis 

glomerata, Medicago sativa 

reacts not as spectacular to 

mineral fertilization. However 

records show increases of 10.5 t / 

ha in variant fertilized with the 

biggest graduation of fertilizer, 

the productions ranging between 

71.49 and 81.99 t / ha green mass 

with statistical insurance. The 

data are presented in Table 1.

 

Table 1.3. 

The fertilizer influence over the green mass production (t/ha) 
 

Variant Production Procentage% Difference Significance 

V1 ( control) 71.49 100.0 0.00 Ct. 

V2 (N60P40) 75.44 105.5 3.95 *** 

V3 (N120P80) 78.69 110.1 7.20 *** 

V4(N240P160) 81.99 114.7 10.50 *** 

DL (p 5%) 1.04 

DL (p 1%) 1.49 

DL (p 0.1%) 2.19 
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Harvest differences and their semnification 

 

 
Variants in order of 

increasing crop 

 
 

GM harvest t/ha 

Variants in order of increasing 
crop 

2 3 4 

GM t/ha 

75.44 78.69 81.99 

1 71.49 3.95 7.20 10.50 

2 75.44  3.25 6.55 

3 78.69   3.29 

4 81.99    

 
DS 5% values for the comparison of different variants limits 

 

Average error  SX = 0.32 ( t/ha) 

Classification distance 2 3 4 

Q values 3.20 3.34 3.42 

Teoretical DS values 1.04 1.08 1.11 

 

Dry matter production 

 

Regarding the dry matter 

production from the pure culture 

of Medicago sativa, it responds 

well to fertilization, but not as well 

as expected for Dactylis glomerata 

species. Production varies between 

14.3 t / ha to control variant and 

16.4 t / ha in the fourth variant. 

The differences between the 

variants are significantly distinct 

positive as it can be followed in 

Table 1.4. The yield difference of 

2.10 t / ha DM between the control 

variant and the variant fertilized 

with the highest dose N240P160 

shows a great production capacity 

of this species on the one hand, 

and on the other very favorable 

conditions for growing alfalfa in 

Săcuieni locality. 
Table 1.4 

The fertilizer influence over the dry matter production (t/ha) 

 

Variant Production Procentage% Difference Significance 

V1 ( control) 14.30 100.0 0.00 Ct. 

V2 (N60P40) 15.09 105.5 0.79 *** 

V3 (N120P80) 15.74 110.1 1.44 *** 

V4(N240P160) 16.40 114.7 2.10 *** 

DL (p 5%) 0.21 

DL (p 1%) 0.30 

DL (p 0.1%) 0.44 
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Harvest differences and their semnification 

 

 

Variants in order of 

increasing crop 

 

 

DM harvest t/ha 

Variants in order of increasing 

crop 

2 3 4 

DM t/ha 

15.09 15.73 16.40 

1 14.30 0.79 1.44 2.10 

2 15.09  0.65 1.31 

3 15.73   0.66 

4 16.40    

 
DS 5% values for the comparison of different variants limits 

 

Average error  SX = 0.06( t/ha) 

Classification distance 2 3 4 

Q values 3.20 3.34 3.42 

Teoretical DS values 0.21 0.22 0.22 

 

CONCLUSIONS 

As a result of the determinations, 

we found large increases in 

production form both species, the 

highest being recorded in the 

variant with the highest graduation 

of fertilization (V4 - N240P160). 

In the climatic conditions of the 

area around Săcuieni, in order to 

increase the fodder production of 

pure cultures from Dactylis 

glomerata and Medicago sativa 

species, we recommend a mineral 

fertilization with 240kg N and 

160kg P applied in fractions. 
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Abstract 

 The aim of this paper is to identify the presence of species Agrostis 

capillaris L. in grassland habitats disposed on altitudinal levels in Banat Mountains. 
At the same time, the paper aims at finding how these grasslands can be grouped 

depending on the effect and intensity of some factors under study: land slope, 

altitude and soil moisture. 
The object of the present research is represented by 14 grassland habitats in Banat 

Mountains, located at different altitudes (from 201 m to 1446 m), the phytogeneses 

of which contain species Agrostis capillaris L.    

The present study makes it clear that on a vertical scale there are 4 major 
altitude levels where species Agrostis capillaris L. is present, namely: in the low 

hills area (237 – 340 m altitude), in the high hills area (468 – 545m altitude), in the 

submontane area, at altitudes between 670 m - 722 m and in the mountain area of 
Banat Mountains, at altitudes of over 800 m.   

According to the data analysed for the purpose of this study, the grasslands 

where species Agrostis capillaris L. was found can be grouped into two clusters. 
Group I: Eftimie Murgu, Valea pai, Semenic Station and group II (having 3 sub-

clusters): II.1: Carasova fruit garden,  Carasova, Valiug; II.2: Semenic Piatra 

Goznei, Bărbosu, Gărâna, Cuptoare, Anina; II.3: Bigar, Oraviţa and Zlatiţa. 

 
Keywords: Agrostis capillaris L., land slope, altitude, soil moisture, Banat 

Mountains. 

  
INTRODUCTION 

The use of Agrostis 

capillaris L., the species of 

common bent known under several 

common names, has evolved over 

time, by the adaptation of this 

plant for mixes for golf courses 

and fields used as pastures [8]. 

In Romania, Agrostis 

capillaris L. grasslands are found 

on hills and lower mountain areas. 

Agrostis capillaris L. grasslands 

cover over 700,000 hectares [5]. 

Agrostis capillaris L. 

grasslands, with various 

mesophilic species, are the most 
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representative species for hills and 

high plateaus in our country, 

where they cover very large areas.  

They are located in areas with 

various ecological conditions. 

Usually, they appear on positive 

landforms, characterized by low 

water content in the soil. Exposure 

to sun is not a determining factor 

in this process [5]. 

According to the fodder 

value of the species making them 

up and to their yield potential, the 

grasslands dominated by Agrostis 

capillaris L. fall into two separate 

types: grasslands with good 

productivity and grasslands with 

medium productivity.  

Valuable gramineous 

plants, together with the base 

species, Agrostis capillaris L., 

cover more than 50% of the area, 

sometimes reaching even 80% of 

the surface [5]. 

From the point of view of 

its requirements in terms of 

ecological factors, species Agrostis 

capillaris is a plant with minimal 

requirements regarding the 

nitrogen index of the soil. As for 

light, this plant is present in areas 

with low light and in sparsely 

shaded areas [7]. In what 

temperature is concerned, species 

Agrostis capillaris L. is extremely 

resistant to short periods with high 

temperatures in summer, and also 

to low temperatures during winter, 

although its optimal temperatures 

for its growth and development 

range from 10°C to 20ºC (in 

summer) and -5 ºC in winter [1]. 

The geographical factors have an indirect 

influence on ecosystems. They are 

represented by slope, altitude and 

exposure. The slope influences the 

vegetation by changing the moisture, by 

exposing the soil to the erosion 

phenomenon, etc. The slope determines 

what people use the land for and the 

cultivation system.  It is not a good idea 

to use the grasslands on high slopes as 

pastures, because they are prone to 

erosion. The altitude determines very 

different climatic conditions, having a 

large contribution to ecosystem 

diversification. There is a correlation 

between altitude and temperature 

which means that as the altitude 

increases, the temperature decreases. 

In our country, the temperature drops 

by 0.5 – 0.6°C for every 100 m 

altitude. Due to the microclimate, one 

can find thermophile vegetation at 

high altitudes, because of the rock, 

which warms easily and influences 

vegetation. Exposure determines 

very different values of the water 

regime, of wind exposure, etc [4]. 

Mountain areas in Banat 

Mountains are frail ecologically, 

and they require support for 

specific protection, development 

and management: they are a 

national treasure, and their value 

must be made known and 

preserved. 
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MATERIAL AND METHODS 

 

The present study was 

made in the phytocenoses of 

permanent grasslands in Banat 

Mountains, where species Agrostis 

capillaris L. has a high degree of 

participation. We analysed 14 

grassland habitats in Banat 

Mountains: Zlatiţa, Oraviţa, Anina, 

Văliug, Bigar, Cuptoare, Gărâna, 

Semenic Piatra Goznei, Semenic 

Staţiune, Bărbosu, Eftimie Murgu, 

Valea pai, Caraşova, Caraşova 

fruit garden. Banat Mountains are 

the southern subdivision of 

Western Carpathians. 

Characteristics and divisions: 

average altitudes are below 1.000 

m., and the highest altitudes are 

found in Semenic (1445 m) and 

Almăjului Mountains (1228 m. in 

Mount Svinecea Mare). Banat 

Mountains are predominantly 

made of crystalline schist, to 

which limestones, flysch and 

volcanic rocks are added. Banat 

Mountains cover approximately 

500.000 hectares [9]. The climate 

in Banat Mountains is typical for 

the mountains (temperatures drop 

as the altitude increases and the 

quantity of precipitations increases 

as the altitude increases). The 

average temperature at over 

1000m altitude is below 8°C. The 

area is rich in precipitations, over 

1000 mm in Semenic. 

The slope or inclination 

was measured with digital 

Osciloscop.   

 The altitude was determined 

by means of rectangular coordinates 

transposed on an orthophotomap and 

altimetrically processed on 

topographical plans with the help of 

specific programs that render the 

implemented altitude.

    

Statistical analysis 

 

The statistical analysis was performed using PAST and MVSP software [3]. 

RESULTS AND DISCUSSIONS 

 

For it to be useful, the 

present study must bring clear 

information on the distribution and 

participation degree (%) of species 

Agrostis capillaris L. under the 

influence of the studied factors: 

geographical factors (land slope 

and altitude) and soil humidity. 

The process of identifying the 

effects of these factors is more 

delicate than the issue of 

fertilization and the question about 

its use, because these factors can 

vary significantly and they have 

complex effects, depending on 

their interaction in the grassland 

ecosystem. Land slope and altitude 

influence the climate system, 

mainly by causing changes in the 
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temperature regime and in the 

water regime.   

The grassland habitats 

where species Agrostis capillaris 

L. was identified are in the 

following area: Zlatiţa, Oraviţa, 

Anina, Văliug, Bigar, Cuptoare, 

Gărâna, Semenic Piatra Goznei, 

Semenic Staţiune, Bărbosu, 

Eftimie Murgu, Valea pai, 

Caraşova, Caraşova livadă;   they 

have different uses and their yield 

capacities are different.  

The graphical 

representation of the parameters 

under study appears in Figure 1. 

The participation degree (%) of 

species Agrostis capillaris L. is 

between 15% and 45%, in the 

mountain area of Banat 

Mountains, at altitudes of over 

800 m ( locations – Eftimie 

Murgu, Gărâna, Semenic Piatra 

Goznei and Semenic Station ); soil 

moisture varies from 85% to 95% 

and the land slope ranges from 

10% to 20%.  

In submontane areas, at 

altitudes between 670 m (Anina) 

and 722 m (Văliug), the 

participation degree (%) of species 

Agrostis capillaris L. was between 

13%, and 5%, respectively; soil 

humidity was 85%, and 83%, 

respectively, and land slope was 

25%, and 30%, respectively. 

In high hills areas (468 – 

545m altitude), species Agrostis 

capillaris L. covers 5 -13% of the 

phytocenoses of the grasslands in 

our study. Soil moisture varies 

from 70% to 92%, and land slope 

is between 10% and 20%.  

Species Agrostis capillaris 

L. was also identified in low hills 

areas (237 – 340 m altitude), 

where it covers between 10% and 

45% in the phytocenoses of the 

grasslands under study. Soil 

humidity ranges from 60% to 92%, 

and land slope is between 5% and 

15%.  

Depending on the changes 

appearing in certain stational 

factors, such as fertility and soil 

humidity, some fodder grasses can 

become co-dominant, thus forming 

grassland subtypes that can be 

extremely valuable, both from the 

point of view of the quantity and 

quality of their yield [5].
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Figure 1. Graphical representation of studied parameters 

***Legend:  Altitude x 10
3
 (m); 

                     Participation (%); 
                     Soil moisture (%); 

                     Slope (%); 

 
Figure 2. Cluster analysis representation based on minimum variance 
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Using Squared Euclidean, 

based on constrained clustering 

strategy, minimum variance of the 

transformed data, it‟s obvious that 

according to the studied data there 

are 2 groups of clusters: group I: 

Eftimie Murgu, Valea pai, 

Semenic Station and group II 

(having 3 sub-clusters): II.1: 

Carasova fruit garden, Carasova, 

Valiug; II.2: Semenic Piatra 

Goznei, Bărbosu, Gărâna, 

Cuptoare, Anina; II.3: Bigar, 

Oraviţa şi Zlatiţa (Figure 2).

 
Figure 3. Neighbor Joining Cluster representation of studied data 

 

Using Neighbor Joining 

Cluster Analysis, it becomes 

obvious that, according to the 

studied data, the parameters soil 

moisture and slope form one 

cluster, while altitude and 

participation percentage figure 

another cluster. Participation 

percentage is influenced mostly by 

the altitude (Figure 3). 

These models (instruments) 

of study can also be used 

successfully by natural area 

managers, when they assess 

biodiversity in grassland habitats 

and devise their management 

plans. 

The natural capital of 

Banat Mountains has a productive 

capacity which must be known 

through its “functional cells”, in 

order to prevent its degradation 

and destructuration under 

anthropic activities, and for 

sustainable use of its support 

capacity [2].

 

CONCLUSION 

 

The data presented above 

make it possible to find some 

parameters that show the 

distribution of species Agrostis 

Sandoiu I. et al.



 

Romanian Journal of Grassland and Forage Crops 2014(10)                                                      73 

 

capillaris L. on altitudinal levels in 

the area of Banat Mountains. Due 

to the large ecological variability, 

species Agrostis capillaris L. is 

present in the vegetation on low 

hills, beginning with an altitude of 

approximately 201 m (Zlatiţa –

Mountains Locvei).Then, this 

species continues to form 

mountain grasslands in the sub-

level of beech forests and mixed 

forests of beech and softwood, up 

to the average altitude of over 

1200 m, and in some cases it goes 

even above 1400 m (Semenic 

Mountains, Mount Piatra Goznei 

1446 m). The present study makes 

it clear that on a vertical scale 

there are 4 major altitude levels 

where species Agrostis capillaris 

L. is present, namely: in the low 

hills area (237 – 340 m altitude), in 

the high hills area (468 – 545m 

altitude), in the submontane area, 

at altitudes between 709 m (Anina 

- Anina Mountains) and 722 m 

(Văliug - Semenic Mountains) and 

in the mountain area of Banat 

Mountains, at altitudes of over 800 

m (locations – Eftimie Murgu, 

Gărâna, Semenic Piatra Goznei 

and Semenic Station). According 

to the data analysed for the 

purpose of this study, the 

grasslands where species Agrostis 

capillaris L. was found can be 

grouped into two clusters. Group I: 

Eftimie Murgu, Valea pai, 

Semenic Station and group II 

(having 3 sub-clusters): II.1: 

Carasova fruit garden,  Carasova, 

Valiug; II.2: Semenic Piatra 

Goznei, Bărbosu, Gărâna, 

Cuptoare, Anina; II.3: Bigar, 

Oraviţa and Zlatiţa. These 

synthetic data, collected from the 

area of Banat Mountains, highlight 

the fact that the participation of 

species Agrostis capillaris L. is 

highly influenced by altitude. 
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Abstract 

 
The research conducted during March-June 2014, on the Ezăreni farm, Iasi 

(47°05'-47°10' North latitude and 27°28'-27°33' East longitude), followed, in 

alfalfa (Medicago sativa L.), in the second year of vegetation, the influence of 

alfalfa growth stage at harvest (v1-early bud, v2-mid bud, v3-late bud; v4-early bloom, 
v5-10% bloom and v6-full bloom) on the plants heighs dynamics. That results 

obtained showed that between growth stage at harvest and plant height is a positive 

correlation, yield increases with the number of time required to reach early bud - 
full bloom stages and under these conditions, temperature affects plant height only 

at the first cut when were sufficient precipitation but low temperatures, after which 

rainfall becomes limiting factor in terms of sufficient temperatures. 

 
Keywords: growth stage, plants height, precipitations, temperatures, growth rate 

 

INTRODUCTION 
 

Worldwide and Romanian 

agricultural ecosystems are 

subjected to climatic changes over 

the past years. Prolonged periods 

with high temperatures and 

drought occur more frequently in 

the past years, which, in the 

absence of precipitations put a 

high stress on the majority of 

crops. Alfalfa is one of the crops 

that adapts quite good to drought 

conditions, with high quality and 

productive potential, directly 

dependent on soil conditions, 

climatic conditions and cropping 

technology used. 

For the efficiency of water 

usage, but also for obtaining high 

biomass yields, in the pedoclimatic 

conditions in the north-east of 

Romania, the factor that must be 

controlled with attention is the 

plant growth stage at harvest. 

Harvesting alfalfa at early growth 

stages can lead to low yields and 

plant energy depletion due to 

insufficient nutrients accumulation 

within the crown. On the other 

hand, delaying too much the 

harvesting of plants can result in 

lower quality of the forage and a 

high consumption of soil water 

(CHEN J., et al, 2012; AVCI M.A. 

et al, 2013; HAMD ALLA W.A. et 

al., 2013). 

This research proposes to 

analyze the effect of cutting date 

on alflafa plants heighs dynamics, 

in the conditions of NE Romania, 

as well to establish the correlation 
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between plants heighs with temperature and precipitation. 

 
 

MATERIAL AND METHOD 

 

The research was 

conducted during March-June 

2014, on the Ezăreni farm (47°05'-

47°10' North latitude and 27°28'-

27°33' East longitude), farm 

belonging to the University of 

Agricultural Sciences and 

Veterinary Medicine Iaşi. The soil 

from the region is a cambic 

chernozem characterized by the 

indicators presented in table 1.

 
Table 1  

Physico-chemical characteristics of the soil on Ezareni Farm  

 

Horizon 
Clay 

(<0.002) 
pH 

Humus 

(%) 

N 

total 

(%) 

Nitrogen 

index  

IN 

P-Al 

(ppm) 

K 

mobile 

(ppm) 

Ca 

exch. 

(me) 

Ap 0-20 cm 41.8 6.68 2.24 0.178 2,19 26.00 242 15.21 

Atp 20-28 

cm 
38.8 6.78 2.40 0.149 

2,35 
10.43 178 15.38 

 

The research followed, in 

alfalfa (Medicago sativa L.), in the 

fifth year of vegetation, the 

influence of alfalfa growth stage at 

harvest on the plants highs 

dynamics. Were calculated: daily 

growth rate at each cut, and the 

amount of heat (ºC) and 

accumulated rainfall for each cut 

and growth rate for each mm of 

precipitation. 

The experiment was 

monofactorial, arranged in 

randomized plots in three 

replications, which have a 10 m
2
 

harvesting area (2m x 5m). The 

studied factor had six graduations, 

represented by the growth stage at 

harvest: early bud (v1), mid bud 

(v2), late bud (v3); early bloom 

(v4), 10% bloom (v5) and full 

bloom (v6), growth stage described 

by (Barnes R.F., 2007; Mueller 

S.C. and Teuber L.R., 2007). 

In order to demonstrate the 

dynamics of plant height, 

measurements of the same plants 

from each plot in succesive dates, 

were made throughout the growing 

season.  

The biological material 

used was represented by Sandra 

alfalfa variety (F 660-94) 

registered in 2003 to I.N.C.D.A. 

Fundulea (Schitea Maria and 

Martura T., 2004).  

The results were 

interpreted statistically by analysis 

of variance and calculation of least 

square difference (LSD). Also, 

were established correlations 

equations (quadratic regression 

and significance) between: the 

growth stages and the plant height; 
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the accumulated rainfall (mm) and 

the plant height throughout the 

growing season; the amount of 

heat accumulated (ºC) and the 

plant height throughout the 

growing season. 
RESULTS AND DISCUSSION 
 

Growth stage at harvest 

was the factor that caused the 

biggest differences in terms of 

plant height. Differences between 

the control variant, harvested in 

early bud stage (v1) and the variant 

with the highest plant height (v6, 

harvested at full flowering) were 

from 11.0 to 26.5 cm. Recorded 

height differences compared to the 

control (v1) at the 5 growth stages 

had a positive statistical insurance, 

except the second cut v2 variant , 

where the difference was not 

significant and v2 and v3 variants 

at fourth cut where the differences 

were highly significant negative 

(table 2). 
 

Table 2 

The influence of growth stage at harvest on alfalfa plants height 
 

Growth stage at harvest 
Plants height (cm) 

First cut Second cut Third cut Fourth cut 

v1- early bud (control) 44,6Mt 40,9Mt 44,5Mt 29,4Mt 

v2- mid bud 50,1** 41,4 45,8** 19,7ºº 

v3- late bud 64,0** 46,4** 45,9** 15,6ºº 

v4- early bloom 69,5** 47,2** 46,1** - 

v5- 10% bloom 70,9** 54,3** 45,6** - 

v6- full bloom 71,1** 55,6** 45,6** - 

LSD 
0.05 1,5 1,8 0,8 0,5 

0.01 2,2 2,6 1,1 0,7 
 

Figures 1, 2, 3, 4, 5 and 6 

shows the dynamics of plant 

height based on the 6 growth 

stages at harvest. It is observed in 

all 6 cases, the number of cut was 

influenced by growth stage at 

harvest. Thus, with the late 

harvest, the number of cuts it was 

reduced. Plant height at the time of 

cut was influenced by the amount 

of precipitation accumulated 

during regeneration of alfalfa 

plants at early bud - late bud 

stages.
 

  
Figure 1. Plant height dynamics, when alfalfa was harvested at early bud (v1) 
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Figure 2. Plant height dynamics, when alfalfa was harvested at mid bud (v2) 

 

 
Figure 3.  Plant height dynamics, when alfalfa was harvested at late bud (v3) 

 

 
Figure 4. Plant height dynamics, when alfalfa was harvested at early bloom (v4) 
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Figure 5. Plant height dynamics, when alfalfa was harvested at 10% bloom (v5) 
 

Figure 6. Plant height dynamics, when alfalfa was harvested at full bloom (v

 

If the harvest was made at the 

early flowering - late flowering 

stages, plant height at the cut was 

influenced more by the number 

of cut. Number of days for 

completion of the six growth 

stages increases with the number 

of cut. Thus, the first cut required 

23 days, second cut 40 days and 

third cut 59 days (figure 7.). 

Regardless of the number of cut 

or alfalfa growt stage at harvest, 

between accumulated rainfall and 

plant height is a positive 

correlation, highly significant 

(figure 8.) but there is no 

correlation between plant height 

and the amount of heat 

accumulated (figure 9.). The 

same conclusion also reached 

SirAlkhatem M. and Gabr S.A., 

2014; FARISSI M. et al, 2014. 
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Figure 7. Correlations between the growth stage at harvest and alfalfa 

height at harvest 
 

 
Figure 8. Correlations between the accumulated rainfall and alfalfa height 

 

 
Figure 9. Correlations between the amount of heat accumulated and alfalfa 

height 
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At the first three cuts, in 

which case the yields were 

obtained for the six growth 

stages the daily growth rate was 

between 0.76-1.20 cm·day
-1

 and 

0.28-1.03 cm·mm
-1

 accumulated 

rainfall (table 3.). During the 

growing season accumulated 

rainfall are better exploited in hot 

weather conditions. Thus, at the 

first cut the growth rate was only 

0.28-0.32 cm·mm
-1

, due to low 

temperatures at the beginning of 

the growing season. At the 

second cut was more effective 

exploitation of water (growth rate 

of 0.31-0.47 cm·mm
-1

) even 

though rainfall was lower, the 

amount of heat was much 

greater. Similar results were 

reached by other authors, such as 

Rimi F. et al., 2010; Butler M. 

and Simmons R., 2013; Geleti D. 

et al, 2014. 
 

Table 3 

Influence of growth stage at harvest on the alfalfa growth rate 
 

 First cut Second cut 

plants 

height 

(cm) 

growth rate
1
 plants 

height 

(cm) 

growth rate
1
 

(cm·day
-1

) (cm·mm
-1

) (cm·day
-1

) (cm·mm
-1

) 

v1 (control) 44.6C 0.99C 0.32C 40.9C 1.11C 0.32C 

v2 50.1** 1.02 0.32 41.4 0.88ºº 0.31 

v3 64.0** 1.19** 0.34* 46.4** 1.03ºº 0.43** 

v4 69.5** 1.20** 0.33 47.2** 0.96ºº 0.39** 

v5 70.9** 1.11** 0.29º 54.3** 1.09 0.47** 

v6 71.1** 1.05* 0.28º 55.6** 1.03ºº 0.38** 

LSD 0.05 1.5 0.04 0.02 1.8 0.03 0.03 

LSD 0.01 2.2 0.06 0.03 2.6 0.04 0.04 
 

 Third cut Fourth cut 

plants 

height 

(cm) 

growth rate
1
 plants 

height 

(cm) 

growth rate
1
 

(cm·day
-1

) (cm·mm
-1

) (cm·day
-1

) (cm·mm
-1

) 

v1 (control) 44.5C 1.08C 0.35C 29.4C 0.77C 0.92C 

v2 45.8** 1.20** 0.43** 19.7ºº 0.52 0.70ºº 

v3 45.9** 0.93ºº 0.38** 15.6ºº 0.46 0.66ºº 

v4 46.1** 0.98ºº 0.80** - - - 

v5 45.6** 0.97ºº 0.63** - - - 

v6 45.6** 0.76ºº 1.03** - - - 

LSD 0.05 0,8 0,02 0,03 0,5 0,03 0,02 

LSD 0.01 1,1 0,03 0,04 0,7 0,04 0,03 
1 - growth rate calculated according to number of days and amount of precipitation for each harvest 
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CONCLUSIONS 
At Medicago sativa L. 

crop, the number of cut was 

influenced by growth stage at 

harvest, but, with the late harvest, 

the number of cuts it was 

reduced; plant height at the time 

of cut was influenced by the 

amount of precipitation 

accumulated during regeneration 

of alfalfa plants at early bud - 

late bud stages, but, if the harvest 

was made at the early flowering - 

late flowering stages, plant 

height at the cut was influenced 

more by the number of cut. 

Regardless of the number of cut 

or alfalfa growt stage at harvest, 

between accumulated rainfall and 

plant height is a positive 

correlation, highly significant but 

there is no correlation between 

plant height and the amount of 

heat accumulated. 

Between growth stage at 

harvest and plant height is a 

positive correlation, plants height 

increases with the number of 

time required to reach early bud - 

full bloom stages; under these 

conditions, temperature affects 

plant height only at the first cut 

when were sufficient 

precipitation but low 

temperatures, after which rainfall 

becomes limiting factor in terms 

of sufficient temperatures.
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Abstract 

 
In mature ecosystems mycorrhizal fungi developed in the root system of 

plants provide the nutritional balance of these ecosystems and an adjustment of 

vegetation structure. 
  Analysis of mycorrhizal colonization parameters and development of 

hyphal structures within the root cortex is extremely useful in assessing the 

stability of symbiotic partnership between plants and fungi. 

In controlled environment, over a period of 150 days, it was found that the 
most unfavorable fertilization variants for Festuca rubra degree of colonization 

were variants fertilized with NPK and manure supplemented withNPK, compared 

to the fertilization with manure, ash and Eurofertil mezocalc supplemented with 
N that have been found without the influence. 

 
Keywords: mycorrhizal colonization, controlled environment, differentiated 
fertilization, vegetation sequences  

 
INTRODUCTION 

 

The evolution of plants 

with useful microflora from the 

rhizosphere allowed, over time, 

the emergence of symbiotic 

partnerships between root 

systems and mycorrhizal type 

fungi. In stable ecosystems 

seasonal interactions between 

different components of soil 

symbiotic fungi ensure 

nutritional balance of these 

ecosystems and vegetation 

structure adjustment. Contrary to 

the slow response of the plants 

from the application of irrational 

fertilization or the absence of 

fertilizers, which could lead to 

fluctuations in coverage in a 

relatively long period of time, 

mycorrhizal fungi have a strong 

and rapid reaction even at low 

levels of disturbance (LIU et al., 

2014). 

The strong extension of 

extraradicular hyphal networks 

allows inter-connecting a high 

percentage of root systems in the 

ecosystem, increaseng 

ecosystem`s stability by 

judicious allocation of nutrient 

resources (McCORMACK et al., 

2014).
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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 the influence 

differentiated fertilization over 

mycorrhizal colonization 

parameters. The duration of the 

experiment was 150 days, 

divided onto two sequences of 

vegetation, and the seeding of 

used Festuca rubra plants was 

performed on a terra rosa soil 

type. The experimental design 

consisted of seven variants of 

fertilization (F), graduation 

starting from the control variant 

(V1 - unfertilized) and completed 

with 2 variants fertilized with 10 

t / ha manure (V2) and 10 t / ha 

manure + 50 kg N2 (V3), 3 

variants chemically fertilized 

with 50:25:25 NPK kg / ha (V4), 

Eurofertil mezocalc 120 kg / ha 

(V5) and Eurofertil mezocalc 120 

kg / ha + 50 kg / ha N2 and a 

variant fertilized with 100 kg / ha 

ash (STOIAN, 2011). 

The experimental data were 

processed using the software 

Polifact for Duncan test and the 

analysis of variance.

 

RESULTS AND DISCUSSIONS 

 

Analyzing the data 

presented in 

table 1. is observed a high 

percentage of colonization 

frequency for control variant at 

vegetation sequence of 100 days. 

Compared to the value of this 

variable only for variant 5 was 

found a distinct significantly 

negative difference, other 

variants registering very 

significant negative differences. 

In the case of the second 

vegetation sequence only one 

variant showed a significantly 

strong negative difference 

compared to the control, variants 

2 and 7 were located at a higher 

level, with the differences being 

statistically significant positive. 
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Table 1 

Influence of vegetation sequence and fertilization on the frequency of 

colonization 

 

The 

sequenc

y (days) 

Variant 

The 

frequenc

y % 

% of 

contr

ol 

The 

differenc

e to 

control 

The 

significan

ce of 

difference 

The 

Dunca

n test 

100 

1 Unfertilized 97,78 100,0 0,00 Mt. H 

2 Gg 10 71,11 72,7 -26,67 000     DE 

3 
Gg10+N50P25K

25 
62,22 63,6 -35,55 000 CD 

4 N50 P25K25 37,78 38,6 -60,00 000 A 

5 Em 120 +  N50 80,00 81,8 -17,78 00        EF 

6 Em 120 35,55 36,4 -62,22 000 A 

7 C 100 48,89 50,0 -48,89 000       B 

150 

1 Unfertilized 85,56 100,0 0,00 Mt. FG 

2 Gg 10 96,67 113,0 11,11 * H 

3 
Gg10+N50P25K

25 
53,33 62,3 -32,22 000       BC 

4 N50 P25K25 78,89 92,2 -6,67 - EF 

5 Em 120 +  N50 82,22 96,1 -3,33 - EFG 

6 Em 120 92,22 107,8 6,67 - GH 

7 C 100 96,67 113,0 11,11 * H 

LSD (p 5%) 

LSD (p 1%) 

LSD (p 0,1%) 

10,42 

14,16 

18,96 

 DS 

10,44 – 

12,30 

(Gg –manure; Em – Eurofertil mezocalc; C –ash) 

 
By comparing data 

regarding the influence of the 

harvesting period and 

fertilization on frequency of 

colonization of the Festuca rubra 

root system, is observed a 

negative influence of fertilization 

during the first vegetation 

sequence compared to the second 

one, where variants of 

fertilization with manure and 

ashe have positively influenced 

this parameter (table 1).  

At the variant of 

fertilization with manure and 

chemical fertilizers were 

recorded very significant 

negative differences. Other 

fertilization variants had similar 

values to trhe control and 

differences are insignificant. 

The hierarchy of variants, 

based on the influence of 

vegetation sequence and 

fertilization on the frequency of 

colonization, indicates NPK 

fertilized variant during the 

second sequence having the 

lowest frequency while the 

highest value occurs at the 

control variant during the first 

vegetation sequence (table 1).

Stoian V. et al.



 

Romanian Journal of Grassland and Forage Crops 2014(10)                                                      88 

 

 

Table 2 
Influence of fertilization on colonization frequency  

(average of vegetation sequences) 

 

No. Variant 

The 

frequency 

% 

 

% of 

control 

The 

difference 

to control 

The 

significance of 

difference 

The 

Duncan 

test 

1 Unfertilized 91,67 100,0 0,00 Mt. 
            

D 

2 Gg 10 83,89 91,5 -7,78 0         C 

3 Gg10+N50P25K25 57,78 63,0 -33,89 000 A 

4 N50 P25K25 58,34 63,6 -33,33 000 A 

5 Em 120 +  N50 81,11 88,5 -10,56 00         C 

6 Em 120 63,89 69,7 -27,78 000 A 

7 C 100 72,78 79,4 -18,89 000      B 

LSD (p 5%) 
LSD (p 1%) 
LSD (p 0,1%) 

 
7,37 
10,01 
13,41 

 
DS 

7,38 – 
8,39 

(Gg –manure; Em – Eurofertil mezocalc; C –ash) 

 
Variant 2 fertilized with 

manure registered a significant 

negative difference from the 

control, followed by variant 5, 

fertilized with 120 kg / ha 

Eurofertil mezocalc and 50 kg / 

ha nitrogen, which recorded a 

distinct significantly negative 

difference. The most unfavorable 

influence of fertilization on the 

frequency of colonization is 

observed at variant 3 and a lack 

of influence at variant 7 (table 

2.). 

From the analysis of the 

first harvest period it was 

observed a significantly decrease 

in the intensity of colonization at 

the variant fertilized with 

Eurofertil mezocalc (120kg / ha) 

combined with nitrogen, other 

variants registering significant 

negative differences compared to 

the control (table 3.). 
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Tabelul 3. 
Influence of vegetation sequence and fertilization on the intensity of colonization 

 

The 

sequenc

y (days) 

Variant 

The 

frequenc

y % 

% of 

contro

l 

The 

differenc

e to 

control 

The 

significanc

e of 

difference 

The 

Dunca

n test 

100 

1 Unfertilized 13,62 100,0 0,00 Mt. D 

2 Gg 10 1,69 12,4 -11,93 000 A 

3 
Gg10+N50P25K2

5 
0,89 6,5 -12,73 000 A 

4 N50 P25K25 0,47 3,4 -13,15 000 A 

5 Em 120 +  N50 10,58 77,7 -3,04 0 
           

C 

6 Em 120 1,01 7,4 -12,61 000 A 

7 C 100 0,80 5,9 -12,82 000 A 

150 

1 Unfertilized 7,61 100,0 0,00 Mt.      B 

2 Gg 10 18,68 245,4 11,07 ***  E 

3 
Gg10+N50P25K2

5 
2,26 29,7 -5,35 000 A 

4 N50 P25K25 2,30 30,2 -5,31 000 A 

5 Em 120 +  N50 12,43 163,4 4,82 *** CD 

6 Em 120 14,70 193,2 7,09 *** D 

7 C 100 17,90 235,2 10,29 ***  E 

LSD  (p 5%) 
LSD (p 1%) 
LSD (p 0,1%) 

2,27 
3,08 
4,13 

 
DS 

2,27 – 
2,68 

(Gg –manure; Em – Eurofertil mezocalc; C –ash) 

 
Variants 2, 3, 4, 6 and 7 

showed significant negative 

differences, the values being by 

11.93% (V2) to 13.15% (V4) 

lower than the control variant 

(Table 3). In the case of the 

second period of harvesting, 

fertilization influenced in a 

negative way the intensity of 

colonization, variants fertilized 

with manure combined with 

NPK, and NPK, recording very 

significant negative differences 

compared to control. Variants 2, 

5, 6 and 7 showed significant 

positive differences, which 

indicates a beneficial effect of 

fertilization on the intensity of 

colonization 

Synthetically analyzing the 

data, there is a decrease in the 

intensity of colonization at 

fertilization variants 3, 4 and 6, 

the differences being very 

significant negative for variants 3 

and 4, respectively significantly 

distinct negative at variant 6 

(table 4). Variants 2, 5 and 7 

have not recorded statistical 

differences compared to the 

control, colonization intensity 

values being close to it. A 
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negative influence of fertilization 

analyzed throughout the growing 

season is observed at variant 4, a 

lack of influence at variant 2, and 

the most favorable influence at 

fertilization from variant 5.

 

Table . 

Influence of fertilization on colonization intensity  

(average of vegetation sequences) 
 

No. Variant 

The 

frequency 

% 

 

% of 

control 

The 

difference 

to control 

The 

significance 

of difference 

The 

Duncan 

test 

1 Unfertilized 10,62 100,0 0,00 Mt.       CD 

2 Gg 10 10,18 95,9 -0,43 -       CD 

3 Gg10+N50P25K25 1,58 14,8 -9,04 000 A 

4 N50 P25K25 1,38 13,0 -9,23 000 A 

5 Em 120 +  N50 11,51 108,4 0,89 -          D 

6 Em 120 7,86 74,0 -2,76 00      B 

7 C 100 9,35 88,1 -1,27 -      BC 

LSD  (p 5%) 
LSD (p 1%) 
LSD (p 0,1%) 

 
1,60 
2,18 
2,92 

 
DS 

1,61 – 
1,83 

(Gg –manure; Em – Eurofertil mezocalc; C –ash) 

 
Separate analysis of the 

influence of fertilization 

depending on the vegetation 

sequence, indicating a negative 

influence on the degree of 

colonization during the first 

sequence, the differences 

compared to the control being 

very significant negative (Table 

5). At the second harvesting 

period it was recorded a positive 

influence of fertilization when 

applying manure (variant 2), 

Eurofertil mezocalc (variant 6) or 

ash (variant 7), these variants 

showing significant positive 

differences compared to 

unfertilized variant.

 
  

Stoian V. et al.



 

Romanian Journal of Grassland and Forage Crops 2014(10)                                                      91 

 

Table 5 
Influence of vegetation sequence and fertilization on the degree of colonization 

 

The 

sequenc

y (days) 

Variant 

The 

frequenc

y % 

% of 

contro

l 

The 

differenc

e to 

control 

The 

significanc

e of 

difference 

The 

Dunca

n test 

100 

1 Unfertilized 13,31 100,0 0,00 Mt. 
          

D 

2 Gg 10 1,23 9,2 -12,08 000 A 

3 
Gg10+N50P25K2

5 
0,55 4,2 -12,76 000 A 

4 N50 P25K25 0,18 1,4 -13,13 000 A 

5 Em 120 +  N50 8,45 63,5 -4,86 000      BC 

6 Em 120 0,64 4,8 -12,67 000 A 

7 C 100 0,40 3,0 -12,91 000 A 

150 

1 Unfertilized 6,53 100,0 0,00 Mt.      B 

2 Gg 10 18,09 276,9 11,56 *** 
            

E 

3 
Gg10+N50P25K2

5 
1,24 19,0 -5,29 000 A 

4 N50 P25K25 1,82 27,8 -4,72 000 A 

5 Em 120 +  N50 10,30 157,7 3,77 **       C 

6 Em 120 13,55 207,3 7,01 *** 
          

D 

7 C 100 17,33 265,2 10,79 *** 
             

E 

LSD  (p 5%) 
LSD (p 1%) 
LSD (p 0,1%) 

2,51 
3,41 
4,57 

 
DS 

2,51 – 
2,96 

(Gg –manure; Em – Eurofertil mezocalc; C –ash) 

 

 
Correlating data from the 

two sampling periods (table 5) 

shows that fertilization with 

manure + NPK, NPK 

respectively (variants 3 and 4) 

has a negative effect on the 

degree of colonization 

throughout the growth period 

taken in the study, with 

significant differences compared 

to control variant. For other 

versions, fertilization has a 

positive effect on the degree of 

colonization starting from the 

second harvest period. 

Synthetic Analysis of of 

the effect of fertilization on the 

degree of colonization during the 

entire vegetation period indicates 

its lack of influence (table 6). 

Beneficial effects were observed 

in variants fertilized with manure 

and Eurofertil mezocalc + N, 

with differences being positive 

but insignificant. The most 

unfavorable influence on the 
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degree of colonization have had 

variants fertilized with NPK and 

manure + NPK. 

 

Table 6. 
Influence of fertilization on degree of colonization  

(average of vegetation sequences) 
 

No. Variant 

The 

frequency 

% 

 

% of 

control 

The 

difference 

to control 

The 

significance 

of 

difference 

The 

Duncan 

test 

1 Unfertilized 9,92 100,0 0,00 Mt. 
           

C 

2 Gg 10 9,66 97,4 -0,26 - 
           

C 

3 Gg10+N50P25K25 0,90 9,0 -9,03 000 A 

4 N50 P25K25 1,00 10,1 -8,92 000 A 

5 Em 120 +  N50 9,38 94,5 -0,54 - 
           

C 

6 Em 120 7,10 71,5 -2,83 00         B 

7 C 100 8,86 89,3 -1,06 -         BC 

LSD  (p 5%) 
LSD (p 1%) 

LSD (p 0,1%) 

 
1,77 
2,41 

3,23 

 

 

DS 
1,78 – 

2,02 

(Gg –manure; Em – Eurofertil mezocalc; C –ash) 

 
CONCLUSIONS 

 

Analysis of fertilization 

influence on frequency of 

colonization in Festuca rubra, 

within 150 days from emergence, 

indicating an overall negative 

influence fertilization. 

The decrease of intensity of 

mycorrhizal colonization values 

in Festuca rubra root system is 

caused by an NPK fertilizer and 

manure + NPK, compared to 

fertilization with Eurofertil 

mezocalc and nitrogen that 

favorably influenced the 

colonization. 

On the degree of 

colonization fertilization with 

manure, ash and Eurofertil 

mezocalc supplemented with N 

were found without influence.
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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. 

 

Key words: mycorrhiza, controlled environment, colonization strategy, 

vegetation sequences  

 
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.

  

B 

B2 

B1 

A2 

A1 

A 
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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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