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Abstract 

The anti-erosion role of the fallows from permanent grassland found in the high 

mountain area is well known. In the Romanian Carpathians there are few studies on the 

amount of underground phytomass (fallows) from grasslands and not at all related to 
the rate of its accumulation after sowing. In the Bucegi Mountains, several 

determinations were made in the year 1993, on the amount of fallows from grasslands 

(1800 m altitude), and the results revealed 2990 g/sqm of dry matter (DM) for Nardus 

stricta, 3500 g/sqm DM for Festuca airoides (2200 m alt.) and 1290 g/sqm DM for 

Carex curvula (2450 m alt.). In the year 1993 a quantity of 2890 g/sqm of underground 

phytomass was reported on a grassland dominated by Nardus stricta, located at 1800 m 
altitude, reseeded 30 years ago (1963) and composed by a mixture of perennial grasses, 

mainly of Festuca rubra. In the same year (1993) on a bare field near the Babele cable 

car (2200 m altitude), a mixture of herbs dominated by Festuca rubra was sown. After 

25 years (in the year 2018) the amount of fallows was quantified again, and the results 

revealed 2650 g/sqm fallows for Festuca rubra, and 3220 g/sqm of DM for the natural 
grassland - Festuca aeroides. It is estimated that within 30 years the fallows of sown 

grasslands, which gets installed very slowly, reaches the level of natural grasslands, 

with an average rate of 106 g/sqm/year. In addition, the forage quality of Festuca rubra 

sown grassland is much better than that of Festuca airoides natural grassland. Soil 

from the unsown grassland surface continued to express higher erosion rates even after 
25 years, as there was no protective vegetation cover installed by itself . 
 

Keywords: mountain grassland, underground phytomass, fallow rate, forage quality. 
 

INTRODUCTION  
 

Fallowing is an evolutionary 
stage of vegetation, resulting from 

the installation, growth and 
development of grasses, ciperacee 
and other species, whose basal 
shoots, roots, rhizomes, stolons, 

etc., form a dense network of 
organic matter (alive and dead, of 
various thicknesses) in the upper 
part of the soil. 

In the Eurasian areas formed 
by steppe and northern or alpine 

tundra, the primary vegetation is 
composed almost exclusively of 

grassy species that generate fallows 
(Iaroshenko, 1962; Ozenda, 1983). 

On grasslands located on 
slopes with different inclination 

degrees, the role of the fallow soil 
substrate as a resistant and elastic 
shield against soil erosion is well 
known. The protective role of 

fallow is even more important in the 
high mountain area, where rain and 

file:///C:/Users/Admin/AppData/Local/Temp/maruscat@yahoo.com
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wind erosion processes are very 
active. For the conditions speciffic 
to our country we have few studies 

on grasslands fallows (Resmeriță 
and Texter, 1956; Resmeriță, 1970; 
Marușca and Oprea, 1996). 

This paper establishes the 
rate of accumulation of underground 
phytomass after 25 years from the 

erosion control revegetation (on 
2,200 m altitude, at Babele, in the 
Bucegi Plateau). 

 

MATERIAL AND METHOD 
 

The construction of some 
access roads, cable transport 
installations, chalets, ski slopes, 

etc., in the Bucegi Plateau caused 
catastrophic erosions, triggered by 
destroying the protective 
vegetation/ground cover. These 

effects were difficult to stop without 
soil revegetation. As a first step, in 
the year 1993, 4 types of fallows 
were studied: some found in 

grasslands located at 1800 m, 
dominated by Nardus stricta and 
Festuca rubra reseeded 30 years 
ago, some found in subalpine 

grasslands located at 2200 m 
altitude, dominated by Festuca 
airoides and some found in alpine 
grasslands, located at 2450 m 

altitude, dominated by Carex 
curvula. 

The amount of basal shoots, 
roots, stolons, rhizomes, etc., that 

make up the fallows itself were 
determined following the Stankov 
method, described in our specialized 
works (Resmerita and Texter, 

1956). Thus, using a metal frame 
with the dimensions of 333 x 300 
mm (1000 sqcm) fixed on the 
ground, fallows samples were taken 

on two depths, namely 0-10 and 10-
20 cm, whereupon the course 
particles were removed in order to 

be easier to carry it with the 
backpack. Then the samples were 
kept in water for 24 hours, after 

which the organic parts of the 
fallows were removed by washing 
through a 1 mm sieve. The samples 
were then dried in air and in an oven 

at 105°C to determine the dry 
matter. 

Toghther with the fallow 
samples, soil samples were also 

taken from the field, at 0-10 and 10-
20 cm depth, with an agrochemical 
probe for laboratory analysis. 

A mixture of herbs 

dominated by Festuca rubra was 
sown on a bare ground, at 2200 m 
altitude, near the Babele cable car 
station. This surface was then 

fertilized with 500 kg/ha NPK 
complex chemical fertilizers (15-15-
15) along with the natural grassland 
dominated by Festuca airoides. 

After 25 years, in the year 2018, the 
amount of underground phytomass 
accumulated was determined 
according to the same Stankov 

method described above. For the 
above-ground phytomass, the forage 
quality was the only parameter 
determined, as the unfenced 

grassland was used by continuous 
grazing with animals, especially 
sheeps. 
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RESULTS AND DISCUSSION  

 
 The agrochemical 
characteristics of the soil found in 
the 4 stations with fallows from 

Bucegi Plateau are described in 
Table 1. 

From these data results that 
the soil has a strong acid reaction 

with a high content of crude humus 
and mobile aluminum, respectively 
a low content of fertilizers elements, 
phosphorus and potassium. Higher 

content of raw humus and PK was 
recorded at 0-10 cm depth and 
lower at 10-20 cm depth in the soil 
in grasslands dominated by Carex 

curvula, Festuca airoides and 
Nardus stricta. In general, higher 
acidity and aluminum content are 

recorded at the surface (0-10 cm 
depth) except for the reseeded 
grassland dominated by Festuca 
rubra, where the soil was mixed by 

plowing and harrowing. 
The amount of underground 
phytomass from 1800 - 2450 m 
altitude is influenced by climatic 

conditions and the type of grassy 
carpet with primary or reseeded 
vegetation (Table 2). 

 
Table 1  

The agrochemical characteristics of the soil (0-20 cm) found under different types of 

grassy carpet from Bucegi Plateau - 1993 - 

Mention  

Carex curvula 
(2450 m alt.) 

Festuca 
airoides 

(2200 m alt.) 

Nardus stricta 
(1800 m alt.) 

Festuca rubra 
(1800 m alt.) 

0-10 10-20 0-10 10-20 0-10 10-20 0-10 10-20 

pH in H2O 4.1 4.4 5.2 5.3 4.0 4.1 4.8 4.5 

 Base 

saturation (%) 

15 11 35 29 21 19 3.9 24 

Humus (%) > 25 15 17 15 > 25 14 > 25 11 

PAL (ppm) 19 13 10 9 29 12 15 9 

KAL (ppm) 87 40 50 50 167 95 147 109 

Al3+ 

(mg/100g soil) 
6.6 3.8 1.0 1.8 5.5 4.8 2.4 1.6 

Table 2 
The amount of underground phytomass acumulated in soil under different types of 

grassy carpet from Bucegi Plateau - 1993 - 

Altitude  

(m) 
Fallow from: 

Depth (m) TOTAL 

(DM g/mp) 
% 

0 - 10 10 - 20 

2450 Carex curvula 1170 120 1290 48 

2200 Festuca airoides 3100 400 3500 132 

1800 Nardus stricta 2770 220 2990 112 

1800 
Festuca rubra 

(resown 1963 - 93) 
2590 300 2890 109 

Average  2400 260 2660 100 

Ammounts, considering depth  (%) 90 10 100 x 
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Thus, the highest amount of 
fallows was recorded in the 
subalpine grasslands dominated by 

Festuca airoides (3500 g/sqm) and 
the lowest in Carex curvula (1290 
g/sqm). On Nardus stricta 
grasslands from the Bucegi Plateau, 

an ammount of 2990 g/sqm DM was 
determined in the underground 
phytomass compared to 3176 g/sqm 
air-dried fallow found in the same 

type of grassy carpet located in the 
Apuseni Mountains (Resmeriță, 

1970). By comparison in the Alps 
an ammount of 2200 g/sqm DM was 
found in Carex curvula and only 

1500 g/sqm DM in pastures 
dominated by Nardus stricta (Haid, 
1982; Ozenda, 1989). 

On the land without 

vegetation from Babele, resown 25 
years ago with a suitable mixture, 
the acid reaction of the soil 
improved due to the calcareous 

substrate, as well as the degree of 
base saturation (Table 3). 

 
Table 3 

The agrochemical characteristics of the soil from Babele - Bucegi 

(2200 m alt.) after 25 years  

Mention  MU 

Festuca airoides Empty, reseeding 

1993 2018 1993 2018 

0 - 10 0 - 10 10 - 20 0 - 10 0 - 10 10 - 20 

pH in H2O ind. 5.2 5.8 5.7 5.3 5.9 6.4 

Base saturation (BS) % 35.1 52.5 55.6 29.2 65.1 87.1 

Humus (%) % 7.8 8.1 6.0 5.4 3.5 3.1 

PAL ppm 10.2 7.9 4.4 9.0 6.3 9.1 

KAL ppm 50.0 34.0 24.0 35.0 83.0 38.0 

Al3+ mg/100g  1.0 0.2 0.1 1.8 - - 

 

The content of fertilizers 
elements (N, P, K) are generally 
lower in the year 2018 compared to 
the year 1993 on the primary 

grassland of Festuca airoides and 
slightly higher on the Festuca rubra 
grassland, due to chemical 
fertilization at sowing. 

The amount of underground 
phytomass in the sown Festuca 
rubra grassland was 2650 g/sqm 
DM, with an accumulation rate of 

106 g/sqm/year, reaching 82% of 
the 3220 g/sqm DM determined in 
Festuca airoides grassland (Table 
4). Results that the grassland sown 

at 2200 m can end up having the 
same amount of underground 

phytomass as the primary meadow 
just after 30 years from the 
establishment. 

Fallow chemical analyzes 

show a lower crude protein content 
and a higher crude fiber and ash 
content in Festuca airoides natural 
grassland compared to the sown 

Festuca rubra grassland. 
Finally, the forage quality of 

the sown meadow grass are superior 
to those recorded by the permanent 

grassland (Table 5). 
Thus, an increase with 66% 

in crude protein content and with 42 
- 80% in digestibility were found in 

the grassy carpet from Festuca 
rubra grassland compared to 
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Festuca airoides grassland. On 
control plot, unsown there was no 
vegetation installment and thus the 

soil erosion processess are very 
active in these areas. 

 
Table 4 

The production and quality of underground phytomass (fallow) after 25 years from 

resowing the empty soil from Babele - Bucegi - 2018 - 

Mention  MU 

A.  

Festuca airoides 

B. Resowing 

Festuca rubra 

0-10 10-20 

Total 

(Aver
age) 

0-10 10-20 

Total 

(Aver
age) 

Dry matter  

(DM) 

g/sqm 3170 50 3220 2570 80 2650 

Acumulation rate g/year/sqm x x x x x 106 

Difference B - A % x x 100 x x 82 

Crude protein 

(CP) 

% 14.2 15.4 14.2 16.0 13.8 15.9 

Difference B - A % x x 100 x x 112 

Crude fiber  
(CF) 

% 27.8 29.5 27.8 26.7 30.0 26.8 

Difference B - A % x x 100 x x 96 

Crude ash  

(CA) 

% 16.1 12.6 16.0 14.4 13.2 14.4 

Difference B - A % x x 100 x x 90 

 

Table 5 

The forage quality of overground phytomass from permanent and sown grassland 
located in Babele - Bucegi  (2200 m alt.) - 2018 - 

Mention  

A. Natural 

grassland 
Festuca 

airoides 

B. Semi-

natural 
grassland 

Festuca 

rubra 

Difference B - 

A 

+,    - % 

Crude protein (CP) 8.6 14.3 + 5.7 166 

Crude ash  

(CA) 
6.4 10.3 + 3.9 161 

Crude fiber  

(CF) 
43.7 21.2 - 22.5 49 

Celulosys+Lignin (ADF) 50.8 29.7 - 21.1 59 

Lignin (ADL) 10.5 5.1 - 5.4 49 

Hemicelulosys+ Celulosys+Lignin 

(NDF) 
75.6 49.9 - 25.7 66 

Dry matter digestibility (DDM) 47.6 67.4 + 19.8 142 

Organic matter digestibility (DOM) 34.3 61.7 + 27.4 180 
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CONCLUSIONS  
 

The study of underground 
phytomass characteristics from 

subalpine and alpine grasslands 
represents a special importance for 
soil anti-erosion protection. 

In the conditions speciffic to 

Bucegi Mountains, the highest 
amount of fallows of 3500 g 
DM/sqm was registered in Festuca 
airoides grasslands while the lowest 

of 1290 g DM/ha was recorded in 
Carex curvula grasslands. 

After resowing the lands 
without vegetation, it takes 30 years 
to reach the level of underground 
phytomass of the destroyed natural 

fallows, registering a rate of approx. 
110 g DM/sqm/year, meaning that 
fallow recovery is very slowly.
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Abstract 

A good crop start requires seeds with fast germination and high biologic value. These 
traits depend on the genotype, physiology, physical status of the seed as well as its phytosanitary 
condition. Infected seeds can lead to the obtaining of a low qualitative and quantitative 

production due to two factors: firstly, the poor germination that can lead to uneven sprouting 
and secondly, the transmission to the crop of certain diseases that could cause significant yield 
losses. The aim of this study was to screen the phytosanitary status of some common forage 

leguminous seeds. The results showed that alfalfa accessions presented fungi from the genera 
Fusarium, Alternaria and Aspergillus; the cultivar “Gea” exhibited a higher sensitivity to the 

pathogens, with one percent higher in the treated compared with the non -treated seeds; on 
clover seeds were identified fungi from the genera Aspergillus and Alternaria; among the forage 
leguminous species studied, sainfoin had more fungi-infected seeds and presented also signs of 

bacterial infection. 
 

Keywords: seeds, pathogens, fungi, clover, alfalfa, sainfoin. 
 

INTRODUCTION  
 

Fabaceae represent the 
second most important group of 

plants in pastures, after Poaceae. 
Normally, leguminous plants 
represent 5-10% from the vegetation 
of the pastures and only in some 

cases (e.g. soils rich in Ca, lands 
fertilized with decomposed manure) 
they can reach to 30-40% or more 
(Vântu et al., 2004; Dincă, 2014).  

A good crop start requires seeds 
with fast germination and high 
biologic value. These traits depend 
on genotype, physiology, physical 

status of the seed as well as their 
phytosanitary condition (Dalling et 
al., 2011).  

Microorganisms present on 

seeds can be divided in pathogens 

and saprophytes. The main seed 
pathogens of the forage leguminous 

species are: Clavibacter 
michiganensis subsp. insidiosus 
(McCulloch) Davis, Gillaspie, 
Vidaver & Harris, Ascochyta 

medicaginicola var. macrospora 
(Boerema, R. Pieters & Hamers) Q. 
Chen & L.; Kabatiella caulivora 
(Kirchner) Karakulin; Botrytis 

anthophila Bondartsev; Sclerotinia 
trifoliorum Eriksson; Fusarium sp. 
(Raicu and Baciu, 1978). Other 
pathogens that affect the seeds in 

field and during storage are: 
Penicillium sp., Alternaria alternata 
Nees. ex Pres.; Rhizopus sp.; 
Aspergillus sp. (Raicu and Baciu, 

1978). 
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During the technological 
process, the seed has to pass from 
the latent to the active life and to 

produce vigorous plants. 
Physiological analysis has the role 
to highlight the capacity of the seeds 
to germinate and to produce normal 

and healthy plants. Thus, in 
laboratory conditions can be 
simulated the processes that occur 
in field after sowing.  

Germination capacity is 
influenced by a series of internal 
and external factors and by seed 
health. In order to determine the 

health of the seeds, in laboratory 
conditions can be determined and 
analysed the presence and load of 

microorganisms on the surface of 
the seed and under the tegument 
(Fernandes et al., 2019). 

The infected seeds can lead 
to the obtaining of a low qualitative 
and quantitative production (Zaidi, 
2012; Abdulwehab et al., 2015). 

This is caused firstly by the poor 
germination that can lead to uneven 
sprouting and secondly, the 
transmission to the crop of certain 

diseases that could cause significant 
yield losses (Zaidi, 2012).  

The aim of this study was to 
screen the phytosanitary status of 

some forage leguminous seeds 
belonging to some common forage 
species.

 

MATERIAL AND METHOD 
 

For the determination of 
phytosanitary status of the forage 
leguminous seeds was used the 

following biologic material:  
1) Alfalfa (Medicago sativa 

L.) - cultivars ”Gea” and 
”Pomposa” (treated and untreated); 

2) Clover (Trifolium 
pratense L.) - cultivars ”Krinia” and 
“Select”; 

3) Sainfoin (Onobrychis 

viciifolia Scop.) - cultivar ”Vlamar”. 
Determination of the surface 

infection was conducted using the 
method of seed incubation on wet 

filter paper. Materials used were 
seed germination plates and Petri 
dishes, filter paper, distilled water, 
stereomicroscope, optical 

microscope, glass slides and covers, 
spatula and alcohol.  

Germination plates and Petri 
dishes were disinfected by washing 

and then sterilized in oven, and then 
on them was placed filter paper with 
distilled water. In each dish were 

placed 40 seeds from each species 
in three replicates (Figure 1). 

 

 
Figure 1. Germination plate with seeds 

(original)  

 

After the incubation period, 
the observations with regards to the 
contamination of seeds were 

conducted macroscopically, under 
stereomicroscope and under optical 
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microscope. Determinations were: 
percentage of seeds germinated, 
percentage of infects seeds as well 

as identification of pathogens based 
on observation (macroscopic and 
microscopic). 

 
RESULTS AND DISCUSSION  

 
According to figure 2 it can 

be seen that germination of alfalfa 
seeds was influenced by cultivar 
and by seed treatment. For both 
cultivars the seed treatment caused a 

higher germination rate (90% and 
respectively 86%). Cultivar 
“Pomposa” had a better seed 
germination compared to “Gea”.  

 

 
Figure 2. Germination of alfalfa seeds 
 

Regarding the other forage 
leguminous species: clover and 

sainfoin it can be seen that the 
percentages of germinated seeds 
were lower (Figure 3). Germination 
rate of the two clover cultivars had 

similar values (69.2-70.0%), but 
compared to these, sainfoin had a 
lower germination rate (61.7%).  

After the macroscopic 

examination and microscopic 
observation of the seeds, there was 
identified the presence of four 
pathogens (three fungi and a 

bacteria). The identified fungi 
species belong to the genera 
Alternaria (Figure 4), Aspergillus 
(Figure 5) and Fusarium (Figure 6) 

(photo original). 

 

 
Figure 3. Germination of clover and 

sainfoin seeds 

 

 
Figure 4. Alternaria sp. 

 
The distribution of the 

identified pathogens on seeds was 

different, depending by species, 
cultivar and treatment.  

In the case of alfalfa, the 
treated seeds of the cultivar 

“Pomposa” presented only 
Aspergillus and Alternaria, the rate 
being lower compared with the 
untreated seeds. Thus, in untreated 

seeds was identified Fusarium sp. 
(1.3%) (Figure 7). 
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Figure 5. Aspergillus sp. 

 

 
Figure 6. Fusarium sp. 

 

 

 
Figure 7. Infection of alfalfa 

“Pomposa” seeds 

 

The presence of the 
pathogens Alternaria and 
Aspergillus on the treated seeds can 
be explained by the fact that these 

microorganisms are mostly 
saprophytes and thus they can 
install on seeds later. While in the 

case of treated seeds of the cultivar 
“Pomposa” the percentage of seeds 
with Alternaria was higher, for the 
seeds without treatment the 

hierarchy changes and Aspergillus 
had higher levels (Figure 7). In the 
case of the cultivar “Gea”, the trend 
is similar as for the cultivar 

“Pomposa”, but the percentage of 
the seeds contaminated by 
pathogenic or saprophyte 
microorganisms is higher compared 

with the cultivar “Pomposa” (Figure  
8). 
 

 
Figure 8. Infection of alfalfa “Gea” 

seeds 

 
On the seeds of the clover 

cultivars studied were identified 

only Alternaria and Aspergillus, 
with a slightly higher percentage in 
the cultivar “Krinia” for both fungi 
(Figure 9). It seems that sainfoin 

seeds were more susceptible to the 
attack of pathogenic and saprophyte 
microorganisms. From the data 
presented in figure 9, it can be 

observed that a high percentage of 
seeds were attacked by Aspergillus 
sp. (14.7%), fact that explains the 
low germination of this species. The 
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fungi Alternaria were found in a 
high percentage as well (22.0%).  

Together with the fungi, on 

sainfoin seeds was identified the 
presence of a bacteria from an  
unidentified genus (Figure 10). 

 

 
Figure 9. Infection of clover and 

sainfoin seeds 

 
Macroscopically on the 

sainfoin seeds was observed the 
bacterial exudate, a typical sign of a 

bacterial infection and accompanied 
by a characteristic stinking odour.   

 

 
Figure 10. Sainfoin infected seeds: 

a) Fusarium sp. mycelia, 
b) bacteria exudate (original) 

Similar to the results from 
this study, red clover seeds were 
shown to be infested with different 

Fusarium spp. and Alternaria sp. In 
addition, on the tegument were 
present fungi species from the 
genera Penicillium spp. and Phoma 

sp. Particularly, diseased roots and 
hypocotyl of 2-week old clover 
platelets were shown to be infected 
by Phoma medicaginis var. 

pinodella (Lager and Johnsson, 
2002).  

Data from literature 
indicates that the fungi from the 

genera Aspergillus and Fusarium 
have been generally associated with 
the damage to the endosperm, to the 
plumule radicle and to the 

hypocotyl of the seeds and seedlings 
(Zaidi, 2012). A complex study on 
pathogenic myco-flora of Phaseolus 
vulgaris seeds has identified no less 

than eight fungi genera. The most 
common and damaging were the 
fungi from the genera Fusarium 
spp., Lasiodiplodia sp., 

Macrophomina sp. and Penicillium 
sp. In addition, the species from the 
genera Corynespora, 
Colletotrichum, Aspergillus, and 

Diaporthe sp. were also present on 
the seed tegument of beans 
(Marcenaro and Valkonen, 2016). 

 

CONCLUSIONS  
 

The seeds of the forage 
leguminous species studied were 

infected by common pathogens and 
saprophytes that could produce 
production losses in field.  

On alfalfa seeds were 

identified fungi form the genera 
Fusarium, Alternaria and 

Aspergillus. Out of the two studied 
cultivars, “Gea” exhibited a higher 
sensitivity to pathogens with higher 
levels of infections both in the 
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treated as well as in the untreated 
seeds.  

On clover seeds were present 

fungi from the genera Aspergillus 
and Alternaria.  

Out of the three forage 
leguminous species studied, sainfoin 
presented the highest level of 

infected seeds, both by fungi as well 
as by bacteria. 
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Abstract 

The grasslands located in Brașov Depression, like many others from our 

country, are managed in generally, without performing the cleaning practice for 

leftover vegetation remains from grazing animals. The annually quantity of leftover 

vegetation refused by animals causes litter accumulation, which favors the installation 
of woody vegetation and harmful weeds on the grassy carpet.  The experiments 

undertaken in the Brașov Depression highlighted the special effect of cleaning the 

grasslands with mulchers on the production of grass and finally of milk, which can 

increase on average by 25-40% compared to uncleaned grassland surfaces. Grasslands 

cleaned and fertilized with chemical or organic fertilizers can provide 2900 - 3500 

liters of cow's milk per hectare compared to 1800 liters on the control grassland, in 160 
days grazing season, with an optimal load of 1 - 1.35 UL/ha. Mulching increases the 

proportion of forage species and prevents the installation of woody vegetation.  
 

Keywords: depression/lowland pasture, cleaning with mulchers, fertilization, 

productivity evaluation. 
 

INTRODUCTION  
 

Among the numerous 
grassland management practices, the 

annual cleaning of leftover 
vegetation remains from grazing 
animals has a special role on grassy 
carpet productivity. Research 

conducted abroad highlighted the 
need to clean grasslands from 
leftover vegetation remains after 
each grazing cycle (Simtea et al., 

1972). In our country this aspect 
concerning grassland cleaning is 
sometimes neglected, causing losses 
in grassland biodiversity and 

productivity, once the unwanted 
woody vegetation is installed 

(Anghel et al., 1967). 
The results recorded in 

Bucegi Depression highlighted the 
special effect of cleaning the 

grassland by mulching method, 
which reduced the participation of 
Nardus stricta by 50% (Marușca 
and Blaj, 2017). This paper 

continues the experiments 
concerning grassland cleaning with 
mulchers in Brașov Depression, a 
method called mulchering. 

 

MATERIAL AND METHOD 
 

The experimental field was 
installed on Podu Sohodolului 
grassland, located in Râșnov city, 

on 676 m altitute, on a podzolic soil 
with temporary excess of moisture. 
The main grassland type is Agrostis 
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stolonifera + Holcus lanatus + 
Deschampsia caespitosa, 11-13% 
being invaded by shrubs like 

Crataegus monogyna and Rosa 
canina heigher than 1 m. 

The experimental plots are: 
A . Managed with mulcher  

1. Without cleaning - control plot  
2. With cleaning (mulchering) 
 B . Fertilization with NPK, 
on amount of: 

1. Without any fertilization 
2. Annual fertilization with 100 N 
+50 kg/ha P2O5 + 50 kg/ha K2O 
3. initial/primary fertilization with 

20 t/ha cattle manure 
 The experimental design 
was made according to randomized 
block method, subdivided in 3 

replicates, with experimental plots 
higher than 81 sqm (9x9), in order 
to have an optimal surface required 

for botanical observation. Grassland 
cleaning with mulcher was 
performed in the spring of the year 

2017, along with organic and 
chemical fertilization.  

The main type of use was by 
grazing with dairy cows but also 

with sheeps before and after 
climbing the mountain. 

In the summer of the years 
2017 and 2018, floristic surveys 

were carried out according to the 
Klapp - Ellenberg percentage 
method. 

The studied grassland was 

not fenced, being allowed to be 
permanently grazed with animals, 
therefore the productivity of the 
experimental plots was evaluated on 

the basis of a floristic survey 
(Marușca, 2019). 

 

RESULTS AND DISCUSSION  

 
The floristic observation 

performed in the first experimental 

year highlighted the outstanding 
effect of grassland cleaning on its 
productivity, effect expressed thru 
the pastoral value and forage green 

mass production (Table 1). 
Thus, the participation of 

forage species increased from 71% 
(scored by the uncleaned 

experimental plots) up to 81% 
(scored by the experimental plots 
cleaned with mulchers 
(mulchering)).  

Deschampsia caespitosa, a 
worthless forage species, suffered 
decreases up to 50% while 
Crataegus monogyna and Rosa 

canina shrubs, which initially 
covered 11%, disappeared. Instead 

of these decreases the participation 
of the main species Agrostis 
stolonifera increased with 17% and 
Trifolium repens with 4 %. 

Our observation highlighted 
that, on average, all the mulchered 
and fertilized experimental plots 
recorded a higher pastoral value 

(with 27%) and a higher forage 
green mass production (with 33%) 
compared with the experimental 
plots without mulchering. The effect 

of fertilization treatments and 
mulchering was better observed in 
the second experimental year (Table 
2).
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Table 1 

The influence of mulchering on grassland botanical composition and productivity in the 
first experimental year - 2017 - 

Species 
Without 

cleaning 
Mulchering  

Dif.  

+   - 
% 

Indices 

F* M** 

Grass (71) (74) (+3) 104 x x 

Agrostis stolonifera 36 50 +14 152 7 6 

Deschampsia caespitosa 14 7 -7 50 3 0 

Holcus lanatus 13 12 -1 92 6 6 

Cynosurus cristatus  2 1 -1 50 7 4 

Festuca pratensis 8 4 -4 50 9 8 

Phleum pratense + - x x 9 8 

Dactylis glomerata - 1 +1 150 9 8 

Anthoxanthum odoratum - + x x 5 3 

Legumes (3) (8) (+5) 267 x x 

Trifolium repens 2 6 +4 300 8 5 

Trifolium pratense 1 2 +1 200 8 7 

Lotus corniculatus  + + 0 100 8 6 

Other botanical families (15) (18) (+3) x x x 

Juncus tenuis 10 12 +2 120 3 0 

Achillea millefolium  1 2 +1 200 6 4 

Ranunculus repens 1 1 0 100 1 0 

Daucus carota + 1 +1 150 6 5 

Galium cruciata 1 + -1 50 3 0 

Prunella vulgaris + + 0 100 4 2 

Leontodon autumnale 2 2 0 100 5 3 

Mentha piperita + + 0 100 3 0 

Hypericum maculatum + - - x 3 0 

Taraxacum officinale + - - x 7 3 

Plantago lanceolata + + 0 100 6 1 

Juncus buffonius + + 0 100 3 0 

Cirsium vulgare - + - x 2 0 

Carduus acanthoides - + - x 3 0 

Bellis perennis - - - x 5 1 

Shrubs  (11) (-) (-11) x x x 

Crataegus monogyna 7 - -7 x 3 0 

Rosa canina 1 - -1 x 3 0 

Forage species participation 

(%) 

71 81 +10 114 x x 

Harmfull species participation 

(%) 

29 19 -10 66 x x 

Pastoral value (PV) 50,4 63,8 +13,4 127 x x 

Usefull phytomass indices 

(UI) 

3,9 4,8 +0,9 123 x x 

Forage production (GM t/ha) 9,75 12,96 +3,21 133 x x 

   *F = indices for forage value assessment  

**M = indices for usefull phytomass production 
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Table 2 

Influența cthe influence of mulchering and fertilization on grassland floristic 
composition and productivity in the second experimental year - 2018 - 

Species 

Options for improving: 

a.1 

mt 
a.2 a.3 b.1 b.2 b.3 

Grass (67) (70) (57) (72) (68) (68) 

Agrostis stolonifera 35 25 13 35 37 35 

Deschampsia caespitosa 20 13 12 14 10 6 

Holcus lanatus 6 12 10 12 11 10 

Cynosurus cristatus  1 3 2 4 2 1 

Festuca pratensis 3 17 15 3 3 8 

Dactylis glomerata + + 2 1 2 3 

Anthoxanthum odoratum 2 + + 3 1 2 

Phleum pratense - + 3  + 2 3 

Legumes (+) (4) (14) (5) (12) (16) 

Trifolium repens + 2 10 4 8 11 

Trifolium pratense + 1 2 1 3 2 

Lotus corniculatus  - 1 1  + 1 2 

Other botanical families (20) (14) (17) (23) (20) (16) 

Juncus tenuis 15 7 6 10 8 6 

Achillea millefolium  + 1 2 1 3 2 

Ranunculus repens 1 3 2 1 1 +  

Daucus carota + 1 1 1 1 1 

Galium cruciata 2 + 1 1 1 1 

Prunella vulgatris + + 1 1 1  + 

Leontodon autumnale 1 1 1 3 1 3 

Cirsium vulgare + - +  + +  -  

Mentha piperita + + + 2 +   + 

Hypericum maculatum 1 + +  +  +  - 

Bellis perennis + + + +  + +  

Plantago lanceolata + 1 1 2 1 1 

Juncus buffonius + + 1  + 1  + 

Rumex acetosella + + + 1 1  + 

Carduus acanthoides - + -  -  +  + 

Taraxacum officinale - - 1  + 1 2 

Shrubs  (13) (12) (12) -   -  - 

Crataegus monogyna 13 10 11 -   - -  

Rosa canina + 2 1 -  - -  

Forage species participation 

(%) 
48 65 64 71 78 86 

% compared to control plot 100 135 133 148 163 179 

Pastoral value (PV) 39,7 54,9 55,0 55,1 61,3 69,6 

% compared to control plot 100 138 139 139 154 175 

Forage production (GM t/ha) 7,20 10,92 10,40 10,00 11,70 14,00 

% compared to control plot 100 152 144 139 163 194 
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The participation of forage 
species increased from 48% in 
control plot (a.1) up to 86% on 

experimental plots mulchered and 
treated with organic fertilizer (b.3).  

Therefore this experimental 
plot recorded an increase with 75% 

in pastoral value and with 94% in 
forage production compared to 
control plot (7,2 t/ha), highlighting 
the efficacy of mulchering 

combined with fertilization with 20 
t/ha manure, plots where 14 t/ha 

green mass production were 
recorded. The production 
recorded from the other 

experimental plots with different 
options for improving (a.2, a.3, b.1, 
b.2) was 10-12 t/ha forage green 
mass. Finally, on the basis of the 

production data recorded we could 
calculate the optimum load with 
animals and cow milk production 
per hectare, considering necessary 4 

kg green mass for producing 1 liter 
of milk (Table 3). 

 

Table 3 

The effect of mulchering and fertilization on cow milk production  

over 160 days grazing season  

Experimental plot 
Production  

(GM t/ha) 

Optimal 

loading 

(UL/ha) 

Cow milk 

production 

(L/ha) 

% 

A. Without cleaning  

  a.1 Control plot, unfertilized 

  a.2 N100P50K50  annual 

  a.3 Manure 20 t/ha (initial) 

 

7,20 

10,92 

10,40 

 

0,69 

1,05 

1,00 

 

1.800 

2.730 

2.600 

 

100 

152 

144 

AVERAGE A 9,51 0,91 2.380 x 

B. CLEANING WITH MULCHER 

  b.1 Control plot, unfertilized 

  b.2 N100P50K50  annual 

  b.3 Manure 20 t/ha (initial) 

 

10,00 

11,70 

14,00 

 

0,96 

1,13 

1,35 

 

2.500 

2.925 

3.500 

 

100 

117 

140 

AVERAGE B 11,90 1,14 2.975 x 

General effect of cleaning (B - A) (%) 125 x 

Singular effect of cleaning (b.1 - a.1) (%) 139 x 

The effect of organic fertilization compared to chemical 

treatments (a.3 b.3 - a.2 b.2) (%) 

108 x 

 
The experimental data 

recorded showed increases with 25-
39% in milk production in the 
experimental plots cleaned with 
mulcher compared to those 

uncleaned, underlining the 
economic efficiency of this essential 

practice for grassland management.  

The increases in milk production 
from 1.800 L/ha in the experimental 
plot without mulchering up to 2.900 
- 3.500 L/ha in the experimental 

plot mulchered and fertilized are 
more than convincing. 
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CONCLUSIONS  
 

The type of grassland 
Agrostis stolonifera + Holcus 
lanatus + Deschampsia caespitosa  

invaded by Crataegus monogyna 
located on podzolic soils with 
temporary excess of moisture 
require cleaning with mulcher once 

to 2-3 years.  
Mulchering and fertilization 

could deliver increases with 39 - 
75% in pastoral value and 10 - 14  

t/ha green mass production, 
increased from 7,2 t/ha green  mass 
production recorded in control plots, 

without cleaning.  
The grassland cleaned with 

mulcher and fertilized with 20 t/ha 
manure could deliver 3.500 liters 

ecologic cow milk per hectar, in 160 
grazing days compared to 1.800 
L/ha cow milk recorded on the 
unmanaged grassland plots. 
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Abstract 

Global warming, through the negative impact it generates, requires the 

adoption of measures to counteract these effects. Thus, in addition to the expansion of 
irrigation and agroforestry for arable lands, an important role in preventing the 

manifestation of negative effects on grasslands and animals may be the implementation 

of agrosilvopastoral systems. The paper presents a complex study on the advantages of  

the agrosilvopastoral system compared to the classic grazing system on treeless 

grasslands. Five more widespread agrosilvopastoral systems were studied, namely with 
Quercus pubescens, Q. robur, Q. petraea, Pyrus pyraster and Fagus sylvatica. It was 

observed that in terms of agrochemical characteristics of the soil under the canopy of 

trees, they are better for all parameters: pH, humus content, nitrogen, phosphorus and 

potassium. The higher proportion of the  nutrients is mainly due to the manure of 

animals that rest in the shade. Under trees, on average, the proportion of forage 

species is 16% higher, pastoral value increases by 27% and green mass production is 
also 36% higher than in open field grasslands. The most significant differences were 

found in the agroforestry system with Quercus pubescens from Dobrogea where under 

the trees the pastoral value was 72% higher and the production of green fodder was 

more than twice as high as in the open field grasslands. To these fodder-related 

advantages we can add animal welfare, with an increase in milk and meat production 
being recorded in the shade. Last but not least the positive impact of agrosilvopastoral 

landscapes should be mentioned. 

 

Keywords: agrosilvopastoral systems, soil agrochemical characteristics, grassland 

productivity.  

 
INTRODUCTION 

 

In the last decades special 

attention has been paid to the 
negative effects on agriculture, 
effects generated by global 
warming. The main actions taken 

into consideration are the expansion 
of irrigation systems and 
agroforestry, activities that ensure 
water and a favorable climate for 

agriculture (Dupraz et al. 2019). 

For grasslands from drier 

climates, used mainly for grazing, 
the agrosilvopastoral system has 
been applied for centuries with good 
results, system known as “dehesa” 

(Olea & San Miguel 2006, Horrillo 
2018,  Den Herder et al. 2017) or 
agroforestry (Sharow 1994, 
Mosquera-Losada et al. 2018).  

Recently, extensive 
synthesis studies have been 



Maruşca T. et al. 

Romanian Journal of Grassland and Forage Crops (2020) 22                                                   26 

elaborated worldwide on 
agrosilvopastoral systems 
implemented as a result of climate 

change effects with negative 
impacts on agriculture and the 
environment (Ashton & Montagnini 
2000, Chocarro et al. 2002, Batish 

et al. 2008, Ferreiro-Domínguez & 
Mosquera-Losada 2018). 

In Romania, in some areas 
with drier climate, on the permanent 

grasslands with woody vegetation 
are implemented several grazing 
systems such as pastures with rare 
trees (grove, coppice, glade) or 

meadows with fruit trees (orchards) 
(Marușca 2007, 2012, 2017). 
Although, as we will see, their 
advantages are indisputable, these 

systems have not been widely used. 
A recent study shows that 

Romania ranks third in terms of the 
area occupied by agroforestry 

systems such as systems in which 
rare trees are integrated with 

grassland and animals, the so-called 
agrosilvopastoral systems. Thus, on 
our national territory the 

agrosilvopastoral systems are 
implemented on 669,500 ha, in 
France on 749,200 ha and in Spain 
on 1.2 million ha (Mosquera-Losada 

et al. 2018). It should be noted that 
in Spain the total area of 
agroforestry systems, of all 
categories, is 5.5 million hectares, 

of which 2.2 million hectares are 
found only in the Extremadura area. 
In this area the agroforestry 
systems, i.e. the way of raising 

animals on grasslands with trees or 
shrubs, represents the basis of socio-
economic and cultural activities 
(Cayma 2003). 

This paper presents the main 
economic, protective and aesthetic 
qualities of agrosilvopastoral 
systems in our country as a future 

solution in defense against global 
warming. 

 
MATERIAL AND METHOD 

 
Studies on the Romanian 

agrosilvopastoral systems were 
started in areas more or less affected 
by aridization such as Dobrogea, 
Transylvanian Plateau and Eastern 

Carpathians, on pastures with 
scatered trees of Quercus 
pubescens, Q. robur, Q. petraea, 
Pyrus pyraster and Fagus sylvatica. 

Between 7 - 10 floristic surveys 
were carried out under the canopy 
of each type of tree and in parallel 
in the open field on the surface of 

100 sqm (10x10 m) to establish the 
percentage of species participation 
in the vegetal layer. After carrying 

out the vegetation surveys under the 

trees, at half the distance between 
the trunk and the edge of the 
canopy, at the edge of the canopy 
and on both diagonals of the open 

fields survey quadrats, soil samples 
were taken at a depth of 0-10 cm. 
Soil was sampled with an standard 
agrochemical soil corer. 

Based on the floristic 
surveys, the productivity of the 
vegetal layer (pastoral value and 
production of green mass of fodder) 

was evaluated according to the 
method proposed by Marușca  in 
2019. 
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Plant samples taken from the 
vegetal layer under the trees and 
from the open field were analyzed 

in the laboratory according to the 
NIRS method (Near - Inflared 
Spectroscopy). Exceptions were the 
grasslands from Dobrogea where, 

due to excessive drought, vegetation 

samples could not be collected.  
The soil samples were 

evaluated at the Office for 

Pedological and Agrochemical 
Studies in Brașov according to the 
usual methodology for soil 
agrochemical analyzes. 

 
RESULTS AND DISCUSSION 

 
For this study the first, more 

detailed, observations on the 

agrosilvopastoral systems were 
made starting with the grasslands 
with downy oak from 260 m altitude 
from the Dobrogean Plateau to the 

pastures  with beech trees from the 
Gurghiului Mountains at 1150 m 
altitude (Table 1). 

From these data we can 

observe major changes in the 
floristic composition of the vegetal 
layer from open field and from 
shaded areas (i.e. under trees), 

similar results being presented in 
other scientific papers (López-
Carrasco et al. 2015). 

Thus, in the Dobrogean 

Plateau, in glades with Quercus 
pubescens, the herbaceous species 
Botriochloa ischaemum, dominant 
in open field grasslands, is replaced 

in shaded areas by Cynodon 
dactylon and Festuca valesiaca. 

In the Transylvanian 
Plateau, under Quercus robur and 

Pyrus pyraster, Lolium perenne and 
Trifolium repens are dominant 
herbaceous species, partially 
replacing Festuca rupicola which is 

the dominant species of the open 
field vegetation. 

These major changes in the 
floristic composition under the trees 
compared to the open field are also 
influenced by the agrochemical 

composition of the grassland soil. 
(Table2). 

Thus, on average, the soil 
reaction (pH) and base saturation 

degree (BS%) are increasing by 2-
4%, the humus content by 4%, the 
mobile phosphorus content by more 
than 70% and the mobile potassium 

content by almost 40%. These 
favorable changes are mainly due to 
the excess manure from the animals 
that rest in the shade of these trees. 

The higher concentration of 
fertilizing elements (N, P, K) and 
the protection against heat offered 
by trees have decisively influenced 

the dominance of plants with higher 
value as forage species compared to 
those with low value (Table 3). 

From table 3 we can see 

that, on average, the participation of 
forage species in the open field (in 
the sun) is 61% and grows up to 
77% under trees (in the shade). 
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Table 1 

General data on agrosilvopastoral systems 

No. 

crt. 

Geographical location 

(Locality, County) 

Alt. 

m 

Forest area or 
altitudinal 

zonation 

Vegetal 
layer 

location 

Dominant herbaceous species  

in grassland (%) 

1 
Dobrogean Plateau 

(Cerna, TL) 
460 

Downy oak 
(Quercus 

pubescens) 

In the sun 
Botriochloa ischaemum (37); 

Cynodon dactylon (20); 

Festuca valesiaca (7). 

In the shade 
Cynodon dactylon (21); 
Festuca valesiaca (18); 

Lolium perenne (7). 

2 

Transylvanian Plateau 

(Mercheașa - 
Homorod, BV) 

530 
Oak 

(Quercus robur) 

In the sun 

Festuca rupicola (29);  

Trifolium repens (12);  
Agrostis capillaris (11). 

In the shade 
Festuca rupicola (28); 
Lolium perenne (23); 

Trifolium repens (8). 

3 
Transylvanian Plateau 

(Jimbor - Homorod, 
BV) 

615 
European wild 

pear 
(Pyrus pyraster) 

In the sun 
Festuca rupicola (33);  

Agrostis capillaris (15); 

Lolium perenne (11). 

In the shade 
Lolium perenne (41); 
Trifolium repens (16);  

Urtica dioica (6). 

4 

Baraolt Mountains 

(Herculian-Bățani, 
CV) 

660 

Sessile oak 

(Quercus 
petraea) 

In the sun 

Festuca rubra (33);  

Nardus stricta (18);  
Trifolium repens (6). 

In the shade 
Festuca rubra (44);  

Trifolium repens (11);  

Lolium perenne (5). 

5 
Gurghiului Mountains 

(Ibănești, MS) 
115
0 

Common beech 
(Fagus sylvatica) 

In the sun 
Nardus stricta (43);  
Festuca rubra (22);  

Agrostis capillaris (16). 

In the shade 
Festuca rubra (32); 
Poa pratensis (14);  
Trifolium repens (6). 

 

The increasing proportion of 
fodder species and the structural 

modification of the vegetal layer in 
favor of the very valuable species 
like Lolium perenne, Poa pratensis, 
or Trifolium repens increased the 

pastoral value by almost 13 points 
(47.6 - 60.5) and the fodder 
production by 36% (8 -10.8 t / ha).  

The most significant 

differences regarding the production 
under trees compared to the open 
field are registered in the 

agrosilvopastoral system with 
Quercus pubescens from Dobrogea 

(218%) followed by the one with 
Fagus sylvatica from Gurghiului 
Mountains (160%). 

The floristic structure of the 

vegetal layer under the trees, which 
is dominated by fodder species, 
favorably influences the quality of 
the grass, a quality highlighted by 

the results of laboratory analyzes 
(Table 4). 
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Table 2 

The main agrochemical characteristics of soils in agrosilvopastoral systems 

No. 

crt. 
Forest area 

Vegetal 
layer 

location 

pH (H2O) 
BS 

(%) 

Humus 

(%) 

NI 

(%) 

P-AL 

ppm 

K-AL 

ppm 

1 
(Quercus 

pubescens) 

In the sun 7.2 100 7.07 7.07 31 >400 

In the shade 6.85 96.2 7.42 7.14 54 >400 

% Sh -S 95 96 105 101 174 >100 

2 
(Quercus 

robur) 

In the sun 5.2 66.3 7.01 4.64 2.7 168 

In the shade 5.35 69.5 7.19 4.99 10 >400 

% Sh -S 103 105 103 108 370 >238 

3 
(Pyrus 

pyraster) 

In the sun 5.45 73.1 6.96 5.08 5.1 240 

In the shade 5.95 83.3 6.96 5.79 7.5 >400 

% Sh -S 109 114 100 114 148 >167 

4 
(Quercus 
petraea) 

In the sun 5.5 58.3 5.33 3.1 5 202 

In the shade 5.2 61 6.2 3.78 6 308 

% Sh -S 103 105 116 122 120 152 

5 
(Fagus 

sylvatica) 

In the sun 4.7 38.2 12.12 4.63 4 364 

In the shade 4.8 38.5 12.18 4.69 4 >400 

% Sh -S 102 101 101 101 100 >110 

AVERAGE 

In the sun 5.52 67.2 7.70 4.90 9.60 >275 

In the shade 5.63 69.7 7.99 5.28 16.3 > +382 

Diff. +;   - +0.11 +2.5 +0.29 +0.38 +6.7 >+107 

%  Sh -S 102 104 104 108 170 >139 

* S= Open field, in the sun; **Sh = Under the trees, in the shade. 
 

Table 3 
General condition of grasslands vegetal layer with pastoral value (PV)  

and fodder production (Green Mass) 

No. 

crt. 
Forest area 

Vegetal 
layer 

location 

Gaps in vegetal 
layer 

Total 
plant 

species 

The importance of 
species 

PV 

index 

GM 

t/ha 
Bare soil Rocks harmful fodder  

1 
(Quercus 
pubescens) 

In the sun 7.9 5.7 38 50.8 35.6 21.4 1.91 

In the shade 26.7 4.6 34 12.7 56.0 36.9 4.16 

% Sh-S 338 81 89 25 157 172 218 

2 
(Quercus 

robur) 

In the sun 3.0 - 45 13.5 83.5 56.3 9.79 

In the shade 2.3 - 57 5.9 91.8 68.8 13.36 

% Sh-S 77 - 126 44 110 122 136 

3 
(Pyrus 

pyraster) 

In the sun 0 - 37 38.3 61.7 67.9 13.07 

In the shade 2.7 - 45 20.5 76.8 70.3 14.20 

% Sh-S x - 122 54 124 104 109 

4 
(Quercus 
petraea) 

In the sun 4.0 - 34 24.6 71.4 53.9 9.15 

In the shade 4.9 - 31 7.5 87.6 68.7 12.83 

% Sh-S 123 - 91 30 123 127 140 

5 
(Fagus 

sylvatica) 

In the sun 0 - 24 47.4 52.6 38.6 6.03 

In the shade 8.3 - 21 19.3 72.4 58.0 9.67 

% Sh-S x - 88 41 138 150 160 

AVERAGE 

In the sun 3.0 1.1 36 34.9 61.0 47.6 7.99 

In the shade  9.0 0.9 38 13.2 76.9 60.5 10.84 

Diff.  +   -  +6.0 -0.2 +2.0 -21.7 16.0 12.9 2.85 

%  Sh -S 301 81 106 38 126 127 136 
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Table 4 

Chemical parameters of grass quality from open field, in the sun (S) and under trees, in 
the shade (Sh) in the studied agrosilvopastoral systems (year 2019) 

Agrosilvopastoral 

system 
Location PB ASH FB ADF ADL NDF DSU DMO 

(Quercus robur) 

In the sun 17.1 10.5 28.5 32.6 3.7 53.5 63.4 58.6 

In the shade 19.7 11.3 27.3 31.4 2.7 52.8 69.4 65.9 

%  115 107 96 96 71 99 110 113 

(Pyrus pyraster) 

In the sun 17.7 10.8 29.0 33.2 3.2 55.8 63.9 60.2 

In the shade 22.3 12.0 27.5 32.0 2.2 56.0 71.4 68.0 

%  126 112 95 96 69 100 112 113 

(Quercus petraea) 

In the sun 13.1 9.9 34.3 38.9 4.6 64.9 50.9 47.8 

In the shade 15.4 10.3 31.5 35.7 3.5 60.2 59.5 57.2 

%  118 104 92 92 77 93 117 120 

(Fagus sylvatica) 

In the sun 11.1 8.2 37.1 41.0 5.1 66.5 47.7 45.0 

In the shade 11.9 8.7 37.6 40.8 4.2 67.0 49.6 47.3 

%  108 107 101 99 83 101 104 105 

AVERAGE 

In the sun 14.7 9.8 32.2 36.4 4.1 60.2 56.5 52.9 

In the shade  17.3 10.6 31.0 35.0 3.2 59.0 62.5 59.6 

Diff.  +   -  +2.6 +0.7 -1.2 -1.5 -1.0 -1.2 +6.0 +6.7 

%   118 108 96 96 76 98 111 113 

 

On average, the crude 

protein content (PB) of the vegetal 
layer under the trees increases by 
2.6% (14.7 - 17.3) compared to 
those located in the open field and 

the ash (ASH) increases by 0.7% 
(9.8 - 10.6). Also, the digestibility 
of the dry matter (DSU) and organic 
matter (DMO) increases by 11-13% 

for the grass under the trees 
compared to that of the grasslands 
located in the open field. The other 
chemical quality parameters (FB, 

ADF, ADL, NDF) are also 
favorable for animal feed in all 
agrosilvopastoral systems studied. 

To these economic 

parameters of production and fodder 
quality that support the superiority 

of agrosilvopastoral systems, can be 

added other advantages less 
quantified so far. Notable among 
these is the favorable effect of shade 
on animals which, due to the well-

being status induced by rest in the 
shade, can increase milk or meat 
production by 20-40%. We should 
also mention the fodder supplement 

provided by trees (acorns, 
beechnuts, forest pears and apples), 
the improvement of the physical 
characteristics of the soil due to the 

root system, the protection of the 
vegetal layer against heat, 
microclimate and habitat conditions 
for increased biodiversity and more 

(Marușca 2012, Marușca et al. 2012, 
Castillo et al 2020). 
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CONCLUSIONS 
    

Permanent grasslands under 
trees are superior in productivity to 
those in the open field. 

The soil of the grasslands 
under the trees is more fertile than 
in the open field due to the animals 
resting in the shade. 

The proportion of fodder 
species under trees is 16% higher 
than in the open field, due to soil 
fertility and microclimate 

conditions. 
The average production of 

green mass of  fodder under trees is 
10.84 t/ha, 36% higher than that of 

grasslands without trees, from 
nearby. 

The pastoral value of the 
grass under the trees reaches 60.5 
points, almost 13 units higher than 

in the open field. Similar increases 
are observed in the chemical 
parameters of grass quality. 

To the advantages of 

grassland productivity in all studied 
agrosilvopastoral systems are added 
the welfare of animals that can have 
access to shade, additional 

production of fodder (acorns, 
beechnuts, forest pears and apples), 
increased biodiversity, pastoral 
landscape and many other elements 

difficult to be quantified. 
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Abstract 

Ambrosia artemisiifolia is one of the invasive neophytes in Romania, of North 

American origin, which has attracted the increased interest of researchers worldwide 

especially because of its allergenic pollen. Since 2001 (the year of first reporting) up to 
now, it has widely spread in the lower course of the Siret river (an area which overlaps 

with the perimeters of two sites of Community interest, namely ROSCI0162 and 

ROSPA0071). Based on our own research conducted between september 2018 and 

october 2020 and the data from the literature confirmed by us in the field, A. 

artemisiifolia is currently known from 49 localities in the study area, representing 96% 
of the total work points. According to our data, in the lower course of the Siret river, 

this species has invaded 14 types of EUNIS habitats (6 anthropogenic and 8 natural) 

being registered (as accidental up to dominant) in the phytocoenoses of a number of 14 

plant associations. The anthropogenic habitats with the highest level of invasion of A. 

artemisiifolia (expressed by values of abundance-dominance in the structure of 
phytocoenoses) are the following ones: Anthropogenic herb stands, Transport 

networks, Extractive industrial sites and Arable land and market gardens. In most types 

of natural habitats in which we had identified it, A. artemisiifolia occurs only as an 

accidental species in the structure of plant communities. However, the zoo-

anthropogenic disturbances can also cause high values of abundance-dominance of this 

species in some natural habitats such as E3.4b - Moist or wet mesotrophic to eutrophic 
pasture (which is endagered at European level). 
 

Keywords: alien plants, EUNIS habitats, neophytes, plant associations, protected areas. 
 

INTRODUCTION  
 

Ambrosia artemisiifolia is a 
plant species native to North 
America (Britton & Brown 1970; 

Correl & Johnston 1970; Basset & 
Crompton 1975), which is listed 
nowaday among the most 
aggressive invasive weeds in both 

Europe and worldwide (Basset & 
Crompton 1975; Chauvel et al. 
2006). Although it sometimes can 

cause damage in agriculture 
(Brandes & Nitzsche 2006) and 
grasslands biodiversity (Sărățeanu 

et al. 2010), the increased interest in 
this species worldwide is rather due 
to its allergenic pollen, which is 
dangerous to people health (Ţopa & 

Boşcaiu 1965; Vicol 1971; Basset & 
Crompton 1975; Ianovici & Sîrbu 
2007; Rybniček & Jäger 2001; Leru 
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et al. 2019 etc.). 
Ambrosia artemisiifolia has 

been first identified in Romania at 

the beginning of the 20th century. 
Csontos et al. (2010) reported that 
there are six specimen of A. 
artemisiifolia collected between 

1907 and 1912 in Orșova 
(Mehedinți county) and Băile 
Herculane (Caraș-Severin county), 
these being the oldest specimens of 

this species collected in Romania 
(four specimens are kept in the 
Herbarium of the Hungarian Natural 
History Museum, Budapest, 

Hungary (BP) and two in the 
Herbarium of the Natural History 
Museum, Vienna, Austria (W)). 
According to Țopa & Boșcaiu 

(1965), the occurrence of this 
species in the Orșova train station 
was indicated for the first time in 
the botanical literature by Jávorka, 

in 1910 (see also Jávorka 1925). 
There are evidences that the 
populations from the south-western 
Romania became fully naturalized 

in a quite short time, as until the 
middle of the last century they 
already invaded both vacant 
grownds and agricultural crops, at 

least in the vicinity of the Orșova 
town,  and after some decades it 
entered into a "phase of expansion" 
into the country (Ţopa & Boşcaiu 

1965). In the second half of the last 
century, but especially since the 
1970s, the rapid spread of A. 

artemisiifolia has been reported 
throughout the country. Nowaday  it 
is considered one of the most 
invasive species of neophytes in 

Romania (Anastasiu & Negrean 
2009; Sîrbu & Oprea 2011), being 
reported from over 1600 localities 
in the country (Sîrbu 2020, 

unpublished). However, the spread 
of this plant in Romania is still in 
progress and, consequently, 
incompletely known (Sîrbu & Oprea 

2011). In order to stop the spread of 
this weed in Romania, various 
advertising activities in the media 
have been undertaken recently, and 

in 2018, the Romanian Parliament 
adopted the Law no. 62 "for the 
ragweed control". 

Our research was conducted 

along the lower course of the Siret 
River, which largely overlaps with 
the perimeters of two sites of 
Community interest, namely 

ROSCI0162 and ROSPA0071 (both 
with the same name - "Lunca 
Siretului inferior"). The aim of this 
paper is to make new contributions 

to the knowledge of the current 
spread of this neophyte and to 
identify the habitats invaded by it in 
the two sites of Community interest. 

 

MATERIAL AND METHOD 
 

The investigated area is 
delimited to the north by the border 

between Vrancea and Bacău 
counties, downstream of the Berești 
lake (N 46.174122º, E 27.184067º), 
and to the south by the confluence 

between the Siret and Danube 
rivers, next to the Galați city (N 

45.403812º, E 28.024099º). This 
area is as a narrow strip of land of 
approx. 125 × 1-12 km, having as 
axis the river chanell, with a general 
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orientation NW to SE. It includes 
the riverbed and the floodplain of 
the Siret river, as well as the 

territories adjacent to the two banks 
of the river, up to the peripheral 
areas of of the nearest localities. 

The chorological field 

research was carried out on the 
itinerary, between September 2018 
and October 2020, being visited a 
number of 51 working points along 

the river, which were named 
according to the nearest localities.  

The nomenclature of the taxa 
was made according to the updated 

electronic version of Flora 
Europaea (Euro+Med 2006-). 

In the list of localities where 
A. artemisiifolia has been identified 

in the study area, we first noted the 
presence points previously reported 
in the literature and confirmed by us 
in the field (√), followed by the new 

presence points (♦), registered 
between 2018 and 2020. 

The identification of EUNIS 
(European Nature Information 

System) habitat types invaded by A. 
artemisiifolia has been made based 
on physiognomic and physical 
attributes (e.g. substrate type, 

dominant lifeform, humidity, human 
usage and impact), together with 

floristic and phytosociological 
criteria, according to Davies et al. 
(2004), Moss (2008), Schaminée et 

al. (2012, 2016). Threatened 
habitats at European level are 
indicated according to Janssen et al. 
(2016). 

The phytosociological 
research were made in parallel with 
the chorological one, following the 
method of the central European 

phytosociological-floristic school  
(Borza &  Boşcaiu 1965; Ivan 1979; 
Cristea et al. 2004; Ștefan 2005). 
Only relevés in which A. 

artemisiifolia occurred were used in 
the paper. The nomenclature and 
classification of syntaxa follow the 
main recent phytosociological 

syntheses from Romania (Sanda et 
al. 2008; Coldea (ed.) 1997, 2012, 
2015, 2017; Chifu et al. 2006, 2014) 
or Europe (Borhidi 1996; Jarolímek 

et al. 1997; Mucina 1997; Mucina et 
al. 2016). In the phytosociological 
tables, the assignation of species to 
various syntaxa has been done 

according to  Mucina et al. (2016), 
as well as other recent 
syntaxonomical syntheses (Borhidi 
1995; Mucina 1997; Coldea 2012, 

2015, 2017; Chytrý & Tichý 2003; 
Jarolímek & Šibík 2008 etc). 

 

RESULTS AND DISCUSSION  

 
a) Distribution of A. 

artemisiifolia in the lower course 

of the Siret river. Although the 

study area has been intensively 
investigated botanically in the last 
half century, the first report of this 
species from the analyzed area was 

made only 19 years ago, by Coroi 

(2001). This author reported A. 
artemisiifolia from train stations of 
two localities bordering the right 

bank of the Siret river, namely: the 
Eremia Grigorescu (Doaga) and 
Mărășești. In the vicinity of the 
lower course of the Siret river (but 

outside the analyzed area), the 
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nearest location known before this 
date was Tecuci train station, where 
the species had been reported by 

Mititelu et al. (1993) and Oprea 
(1998, 1999).  

In the next decade (2001-
2010), the species was first 

identified in Galați city (leg. Sîrbu 
& Oprea 2006), and shortly after 
(2009) in another 25 localities 
situated along the river (Ianovici 

2009; Sîrbu & Oprea 2011).  
During our field research 

between 2018 and 2020, we 
identified A. artemisiifolia in 49 

localities in the lower course of the 
Siret river (representing 96% of the 
total number of working points from 
Brăila, Galați and Vrancea 

counties). Of these, 28 localities 
have been previously reported in the 
literature, and 21 are new records. 
We present below the list of 

localities where this species is 
currently distributed in the study 
area, based on literature data, 
confirmed in the field, and our own 

field data: 
Brăila county: Vădeni

√
 

(Ianovici 2009); ♦ Cantemir - the 
right bank of the Siret, vacant 

grownds; between Cantemir and  
Cotul Mihalea - fluvial sands; 

Galați county: Galați
√
 - train 

station, fluvial port, vacant grownds 

(leg. Sîrbu & Oprea 2006)  (Sîrbu & 
Oprea 2011), idem - river bank (leg. 
Șușnia & Sîrbu 2020); Barboşi-
triage train station

√
, Fundeni

√
, 

Independenţa
√
,  Movileni-Șendreni 

(leg Sîrbu & Oprea 2009) (Sîrbu & 
Oprea 2011); Hanu Conachi - train 
station

√
 (leg Sîrbu & Oprea 2009) 

(Sîrbu & Oprea 2011; Ianovici 

2009), idem - nature reserve, on 
continental sands (leg. Șușnia & 
Sîrbu 2020), Lieşti

√
,
 

Piscu
√
, 

Şendreni
√
, Traian (Şerbeştii 

Vechi)
√
, Tudor Vladimirescu

√
, 

Umbrăreşti
√
, Vameş

√
 (leg Sîrbu & 

Oprea 2009) (Sîrbu & Oprea 2011; 

Ianovici 2009); Braniștea - railroad
√
 

(Ianovici 2009), idem - vacant 
grownds, agricultural crops near the 
Potcoava Lake (leg. Șușnia & Sîrbu 

2020), Bucești
√
, Furcenii Noi

√
, 

Ivești
√
, Lozova

√
, Movileni

√
, Salcia

√
, 

Siliştea
√
, Torceşti

√
 (Ianovici 2009); 

♦ Cosmeşti, Cosmești-near the 

bridge (leg. Sîrbu 2012), Cosmești-
Vale, Ionășești, Lungoci, Mălureni - 
fluvial sands, waste-lands, roadsides 
etc. 

Vrancea county: Eremia 
Grigorescu-train station

√
, Mărășești-

train station
√
 (Coroi 2001); Adjud

√
, 

Călimăneşti
√
, Şişcani

√
 (Ianovici 

2009); ♦ Adjudu Vechi, Bilieşti, 
Burcioaia, Călienii Vechi, Ciorani, 
Doaga, Domnești, Haret, Lespezi, 
Modruzeni, Nănești,  Pufești - 

roadsides, vacant grownds, river 
bank; Suraia - railway embankment, 
river bank, vacant grownds, 
roadsides. 

Analyzing these distribution 
data and the time periods in which 
they were recorded, it can be seen 
(Figure 1) that  between the years 

2001 and 2020 the number of 
known points of presence for this 
species in the lower course of the 
Siret river has increased 

exponentially. The middle horizontal 
segment of the presence points 
curve in relation to time (Figure 1) 
are due to the lack of systematic 

investigations between 2012 and 2018. 
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Figure 1. Exponential regression curves of the cumulative presence points of Ambrosia 

artemisiifolia in the lower course of the Siret river, between the years 2001 and 2020 

 

 The exponential  growth of 
the invasion curve expresses the 
very pronounced invasive character 

of A. artemisiifolia  (which has been 
widely documented in the literature, 
e.g. Chauvel et al. 2006; Essl et al. 
2009; Sîrbu & Oprea 2011), as well 

as the favorable conditions 
encountered here by this species, as 
a result of the high degree of 
habitats disturbance. 

b) Invaded habitats and 
plant communities. The first 
reports of this species in the lower 
course of the Siret river were only 

from anthropogenic habitats, the 
species first invading ruderal 
habitats associated with railway 
stations (Oprea 1998; Coroi 2001). 

This strongly suggests that A. 
artemisiifolia arrived into the 
studied area by repeated transport of 
propagules by trains, which is one 

of the main ways of long-distance 

dispersal of alien plant species 
(Hulme, 2009; Kowarik, 2003; Von 
der Lippe & Kowarik 2007).  

Given its long presence in 
Romania (it was first reported in the 
country in 1908, as shown in the 
introduction section) and southern 

Moldavia (since 1966, according to 
Vicol 1971), we assume that when it 
first time arrived in the lower course 
of the Siret river, most probable 

along railways, A. artemisiifolia has 
been already pre-adapted to the 
ecological conditions encountered 
here, which allowed it to a rapid 

diffusion in neighbourhood 
territories. This can explain the 
rapid diversification of habitats 
invaded by A. artemisiifolia in this 

area, the species being reported 
shortly after the first report from 
both disturbed habitats associated 
with the transport network (train 

stations, railways, roadsides) and 
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other types of habitats affected by 
anthropogenic or natural 
disturbance, on lands more or less 

close to transport routes (waste 
grounds, vacant grounds, yards, 
gardens, ditches, ruderalized 
meadows, forest plantations, river 

banks, alluvial deposits etc.). 
According to our field data, 

in the lower course of the Siret 
river, the species A. artemisiifolia is 

currently invading 14 types of 
EUNIS habitats, of which 6 are 
anthropogenic and 8 are natural 
(Table 1, 2 and 3). 

Based on the 37 

phytosociological relevés recorded 
by us in the natural and 
anthropogenic habitats in the lower 

course of the Siret river, where the 
species A. artemisiifolia occured (as 
accidental up to dominant), we 
identified a number of 12 plant 

associations. The plant structure of 
these associations is presented in 
Tables 2 and 3, to illustrate the 
degree of invasion (which can be 

evaluated from the abundance-
dominance values) of A. 
artemisiifolia in plant communities 
identified in the natural and 

anthropogenic habitats, but their 
descriptions will be published 
elsewhere. 
Excepting the habitat G1.C - Highly 

artificial broadleaved deciduous 
forestry plantations, in which A. 
artemisiifolia occurs only 
accidentally, in all other types of 

anthropogenic habitats this species 
often occurs as a dominant or 
codominant species in the structure 
of phytocoenoses. The 

anthropogenic habitats in which the 

invasion of this species is the 

highest (see the relevés classified in 
ass. Ambrosietum artemisiifoliae 

Vițălariu 1973), are the following 
ones: E5.1 - Anthropogenic herb 
stands (rel. 7-9, Table 2); J3 - 
Extractive industrial sites (rel. 11-

12, Table 2) and J4 - Transport 
networks and other constructed 
hard-surfaced areas (rel. 13-18, 
Table 2). Sometimes, A. 

artemisiifolia occurs as dense 
populations in agricultural crops, 
especially at the ends of rows 
(Figure 2), near roads (rel. 10, 

Table 2). 
In most types of natural 

habitats in which it has been 
identified, A. artemisiifolia occurs 

only as an accidental species in the 
structure of plant communities. 
However, in meso-hygrophilous 
meadows (E3.4b - Moist or wet 

mesotrophic to eutrophic pasture), 
which are often strongly disturbed 
by zoo-anthropogenic or natural 
factors, it can reach high indices of 

abundance-dominance (up to 3 or 4) 
(e.g. ass. Rorippo austriacae-
Agropyretum repentis (Timár 1947) 
R. Tx. 1950 - rel. 33 and 34, Table 

3). It is also important to note that a 
number of 5 of the 8 natural habitat 
types identified in the study area 
(Tables 1) are threatened at 

European level (Janssen et al. 
2016). 
This is consistent with other data in 
the Romanian botanical literature 

(e.g. Sărățeanu et al. 2010; Papp et 
al. 2019) according to which 
invasion of A. artemisiifolia may 
have a negative impact on 

grasslands biodiversity. 
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Table 1 
EUNIS habitat types invaded by Ambrosia artemisiifolia  

in the lower course of the Siret river 

No 

crt. 
EUNIS habitat types 

Threat. 

categ. 

Ambrosia artemisiifolia 

status  

Natural habitats 

1 

C3.55 - Sparsely vegetated river gravel banks & C3.6 - 

Unvegetated or sparsely vegetated shores with soft or 

mobile sediments 

- accidental* 

2 

C3.5a - Periodically exposed shore with stable, 

eutrophic sediments with pioneer or ephemeral 

vegetation 

NT accidental* 

3 E1.2b - Continental dry steppe NT accidental 

4 E1.E - Trampled dry grassland with annuals  - accidental 

5 E3.4b - Moist or wet mesotrophic to eutrophic pasture E 
accidental up to 

dominant* 

6 F9.1b - Temperate riparian scrub LC accidental* 

7 
G1.1 - Temperate and boreal softwood riparian 

woodland 
NT accidental* 

8 H3 - Inland cliffs, rock pavements and outcrops - accidental* 

Anthropogenic habitats 

9 E5.1 - Anthropogenic herb stands - often dominant* 

10 H5.6 - Trampled areas - accidental up to dominant 

11 
G1.C - Highly artificial broadleaved deciduous forestry 

plantations 
- accidental* 

12 I1 - Arable land and market gardens - 
accidental up to 

dominant* 

13 J3 - Extractive industrial sites - 
accidental up to 

dominant* 

14 
J4 - Transport networks and other constructed hard-

surfaced areas 
- 

accidental up to 

dominant* 

Legend. Column 2 - EUNIS habitat types, according to: Davies et al. (2004), Janssen et al. 
(2016), Schaminee et al. (2012, 2016); Column 3 - Threatened categories, according to Janssen 

et al. (2016): EN-Endagered, LC-Least Concern, NT-Near Threatened;  

*phytosociological relevés in Table 2 and 3 . 
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Table 2 

Anthropogenic plant communities from the lower course of the Siret river  

invaded by Ambrosia artemisiifolia (and other neophytes) 

Ass. Echinochloo-Polygonetum lapathifolii Soó et Csűrös 1947 subas. xanthietosum 

italici Ștefan in Coldea et al. 2012 (rel. 1); 

Ass. Amarantho-Chenopodietum albi (Morariu 1943) Soó 1947 (rel. 2-4); 

Ass. Setario pumilae-Sorghetum halepensis N. Ștefan et A. Oprea 1997  
   (rel. 5-6); 

Ass. Ambrosietum artemisiifoliae Vițălariu 1973 (rel. 7-18); 

Ass. Artemisietum annuae Fijałkowski 1967 (rel. 19); 

Ass. Erigeronto-Lactucetum serriolae Lohmeyer in Oberd. 1957 em. Mucina 1978 (rel. 

20-23); 
Ass. Ivaetum xanthiifoliae Fijałkowski 1967 (rel. 24-26); 

Ass. Kochietum densiflorae Gutte et Klotz 1985 (rel. 27); 

Ass. Balloto nigrae-Ailanthetum altissimae C. Sîrbu & A. Oprea 2011 (rel.  28-30); 

Ass. Lycietum barbari Felföldy 1942 (rel. 31-32). 

Place & date: 1) Lungoci-wet sandy alluvium, 12.X.2019; 2) Lake Potcoava-corn field, 

22.VII.2020; 3) Movileni-Șendreni-train station, 22.VII.2020; 4) Șendreni-alfalfa crop, 

on flat ground, near the railway, 14.VIII.2020; 5) Ciorani-stubble, 03.X.2020; 6) 

Șișcani-sunflower crop, 03.X.2020; 7) Galați-vacant ground near the confluence Siret-

Danube, 22.VII.2020; 8) Dragomirești-vacant ground near the train station; 12.X.2019; 
9) Galați V-vacant grownd, 02.IX.2019; 10) Burcioaia-the edge of a corn crop, 

03.X.2020; 11) Movileni-ballast extraction area, 18.VII.2019; 12) Suraia-ballast 

extraction area, 24.VIII.2019; 13) Movileni-Șendreni-train station, 22.VII.2020; 14) 

Vameș-railway embankment, 12.X.2019; 15) Suraia-railway embankment, 

24.VIII.2019; 16) Modruzeni-roadside ditch,  03.X.2020; 17) Galați-railway 
embankment, 02.VIII.2020; 18) Barboși-Galați-railway embankment, 02.VIII.2020; 19) 

Braniștea-vacant grownd, 04.X.2020; 20) Șerbeștii Vechi-fluvial sands, 14.VIII.2020; 

21) Modruzeni-roadside; 22) Galați V-vacant grownd, 05.IV.2020; 23) Șendreni-

roadside, 05.IX.2020; 24) Călinești-garbage dump, 03.X.2019; 25) Galați V-vacant 

grownd, 04.X.2020; 26) Movileni-Șendreni-vacant grownd, 04.X.2020; 27) Galați V-

vacant grownd, 04.X.2020; 28) Cantemir-the slope of the dam, 23-VII.2020; 29) 
Movileni-Șendreni-train station, 22.VII.2020; 30) Hanu Conachi-vacant grownd, 

14.VIII.2020; 31) Vameș-vacant grownd, next to the railway, 12.X.2019; 32) Șendreni-

the slope of the railway, 02.VIII.2019. 

Natura 2000: 3270 - Rivers with muddy banks with Chenopodion rubri p. p. and 

Bidention p. p. vegetation 

EUNIS: C3.5a - Periodically exposed shore with stable, eutrophic sediments with 
pioneer or ephemeral vegetation; C3.55 - Sparsely vegetated river gravel banks; C3.6 - 

Unvegetated or sparsely vegetated shores with soft or mobile sediments; E5.1 - 

Anthropogenic herb stands; F3.1 - Temperate thickets and scrub; G1.C - Highly 

artificial broadleaved deciduous forestry plantations; H3 - Inland cliffs, rock pavements 

and outcrops; I1 - Arable land and market gardens; J3 - Extractive industrial sites; J4 - 

Transport networks and other constructed hard-surfaced areas. 

ERLH category: NT - near threatened 
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Table 3 

(Non-)anthropogenic plant communities from the lower course of the Siret river 

invaded by Ambrosia artemisiifolia (and other neophytes) 
Ass. Rorippo austriacae-Agropyretum repentis (Timár 1947) R. Tx. 1950 (rel. 33-35); 

Ass. Salicetum albae Issler 1926 subass. amorphoetosum fruticosae Morariu et Danciu 
1970 (rel. 36); 
Ass. Saponario officinalis - Salicetum purpureae (Br.-Bl. 1930) Tchou 1946 facies with  

Amorpha fruticosa (rel. 37) 

S
ta

tu
t 

Habitat type 

Natura 2000 

6
4

4
0

 

6
4

4
0

 

6
4

4
0

 

9
2

A
0

 

9
2

D
0

 

EUNIS 

E
3

.4
b

 

E
3

.4
b

 

E
3

.4
b

 

G
1

.1
 

F
9

.1
b

 

ERLH EN EN EN NT LC 

Aspect - - - SE - 

Slope (˚) - - - 10 - 

Area (m
2
) 25 25 50 100 100 

Coverage (%) 
total 90 90 100 95 95 

neophytes 65 45 2 91 20 

No of species 
total 22 24 32 21 21 

neophytes (%) 9 8 22 7 24 

 Relevé no. 33 34 35 36 37 

        Charact. ass. 

nat Elytrigia repens 2 3 5 . . 
nat Rorippa austriaca . + + . . 
nat Salix alba . . . + . 

nat Saponaria officinalis . . . . + 
nat Salix purpurea . . . + 4 

nat Salix purpurea (juv.) . . . . + 

 
     Diff. subass./Facies 

neo Amorpha fruticosa . . + 5 2 

 
     Molinio-Arrhenatheretea 

nat Achillea millefolium + + + . . 
nat Agrostis stolonifera subsp. stolonifera . + + + 3 

nat Juncus inflexus + + . . . 
nat Verbena officinalis + + . . . 

nat Equisetum palustre + + . . . 
nat Taraxacum officinale + . + . . 
nat Plantago major . + + . . 

nat Mentha longifolia + . . . . 
nat Prunella vulgaris + . . . . 
nat Symphytum officinale  + . . . + 

nat Althaea officinalis + . . . . 
nat Lotus corniculatus . + . . . 

nat Carex hirta . + . . . 
nat Ranunculus repens . + . . . 
nat Bromus commutatus . + . . . 

nat Glycyrrhiza echinata . . + + . 
nat Lepidium latifolium . . + . . 
nat Poa pratensis . . + . . 

nat Lolium perenne . . + . . 
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nat Rorippa sylvestris  . . . . + 

nat Lysimachia nummularia . . . . + 

 
     Festuco-Brometea 

nat Galium humifusum . . + . . 
nat Cynodon dactylon . . + . . 

 
     Festuco-Puccinellietea 

nat 
Tripolium pannonicum subsp. 
pannonicum 

. . + . . 

 
     Phragmito-Magnocaricetea 

nat Mentha aquatica + . . . + 
nat Lythrum salicaria + . . . . 

nat Phragmites australis . + . + + 
nat Carex vulpina . + . + . 
nat Lycopus europaeus . + + . . 

nat Alisma plantago-aquatica . . . . + 

 
     Salicetea purpureae 

nat Salix triandra . . . + + 

nat Salix euxina (S. fragilis auct.) . . . + . 
nat Tamarix ramosissima . . . . + 

 
     Alno glutinosae-Populetea albae 

neo Populus carolinensis (juv.) . . . + + 
neo Populus carolinensis . . . + . 

nat Populus alba . . . + . 
nat Populus alba (juv.) . . . + . 
nat Stellaria nemorum . . . . + 

 
     Carpino-Fagetea 

nat Fraxinus excelsior (juv.) . . . + . 

 
     Crataego-Prunetea 

nat Rosa canina . . + . . 

 
     Bidentetea 

neo Xanthium orientale subsp. italicum + 1 + + + 
nat Persicaria amphibia var. amphibia . + . . . 
nat Persicaria lapathifolia . . . . + 

nat Oxybasis glauca . . . . + 

 
     Papaveretea rhoeadis 

nat Sonchus arvensis + + . . . 
nat Cirsium arvense . . + . . 

 
     Sisymbrietea 

neo Ambrosia artemisiifolia 4 3 + + + 
neo Erigeron canadensis . . . . . 
nat Chenopodium album + . . . . 

nat Atriplex tatarica + . . . . 
neo Trigonella caerulea . . + . . 

nat Anisantha sterilis 
   

+ . 
nat Torilis arvensis 

 
   

+ . 

 
     Polygono-Poetea annuae 

nat Polygonum aviculare  + . . . . 

 
     Artemisietea vulgaris 

nat Cynoglossum officinale + . . . . 

nat Convolvulus arvensis + + + . . 
nat Daucus carota subsp. carota + + + . . 

 

 Relevé no. 33 34 35 36 37 
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 Relevé no. 33 34 35 36 37 

nat Artemisia vulgaris + . . . . 

nat Artemisia absinthium . + . . . 

nat Linaria vulgaris . . + . . 

nat Cirsium vulgare . . + . . 

 
     Epilobietea angustifolii 

nat Cynanchum acutum . + + + . 

nat Urtica dioica subsp. dioica + . . . . 

nat Galium aparine . . + . . 

nat Glechoma hederacea . . + . . 

nat Sambucus ebulus . . + . . 

nat Calamagrostis epigejos . . . . + 

 
     Robinietea 

neo Acer negundo (juv.) . . . + + 

neo Elaeagnus angustifolia . . . + . 

neo Robinia pseudoacacia (juv.) . . + . . 

neo Fraxinus pennsylvanica (juv.) . . + . . 

neo Prunus cerasifera . . + . . 

Place and date: 33) Călimănești-ruderalized wet meadow, near a ditch, 03.X.2020; 34) 

downstream of Balta Mălina-anthropized meadow, 22.VII.2020; 35) Movileni-anthropized 

meadow between the road and the railway, 22.VII.2020; 36) Galați, near the confluence 

Siret-Danube, 22.VII.2020; 37) Nămoloasa-holm, 02.X.2020; 

Natura 2000: 6440 Alluvial meadows of river valleys; 92A0 Salix alba and Populus alba 

galleries (partly); 92D0 Southern riparian galleries and thickets; 

EUNIS: E3.4b - Moist or wet mesotrophic to eutrophic pasture; G1.1 - Temperate and 

boreal softwood riparian woodland; F9.1b - Temperate riparian scrub; 

ERLH category: EN - endangered; NT - near threatened; LC - least concern 

CONCLUSIONS  
 

Ambrosia artemisiifolia is an 
invasive neophyte, wide-spread in 
the lower course of the Siret river 
(and therefore in the two sites of 

Community interest, ROSCI0162 
and ROSPA0071); 

Ambrosia artemisiifolia 
occurs in this area (as an accidental 

up to dominant species) in 14 

EUNIS habitat types and in the 
structure of phytocoenoses of 12 
plant associations;  

One of the key factors that 

stimulates the invasion of this 
species in the study area is the high 
degree of disturbance of habitats 
and plant  communities. 
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Abstract 

In the national and international literature there is very little information on 

the ecological and agronomic value of Agrostis capillaris grasslands with Festuca 

rupicola. The aim of the research was to characterize the phytocenosis of Agrostis 

capillaris with Festuca rupicola semi-natural grasslands from the nemoral floor 

(Monor and Gledin) from an ecological and agronomic point of view. The floristic 
composition was interpreted using an improved Braun-Blanquet scale with 

subdivisions. The type Agrostis caillaris - Festuca rupicola appear in nemoral floor, at 

altitudes between 370 and 650, on exhibitions SV until the N, land with an average 

slope of around 13.70 with 7.6% woody vegetation cover and 83.2% herbaceous 

vegetation coverage and the phytodiveristy is given by a 51 species.  Phytocenosis type 
Agrostis capillaris - Festuca rupicola includes many species with indicator value for 

grassland systems with High Natural Value, which gives it the quality of HNV. 

 

Keywords: semi-natural grasslands, ecological value, agronomic value, HNV. 
 
INTRODUCTION 

 

Semi-natural grasslands are 
increasingly valued for the 

ecosystem services they provide, 
such as unique biodiversity, carbon 
sequestration, water retention, 
heritage, low fire risks, etc., 

(Bengtsson et al., 2019). A 
significant decrease in semi-natural 
grassland areas has been observed 
in many regions of Europe 

(Tokarczyk, 2018). After 1989, the 
countries of Eastern Europe in 
transition saw a massive 
abandonment of agricultural areas 

and grassland systems (Peyraud & 
Peeters, 2016). The grasslands in 

the Romanian Carpathians usually 
face abandonment and less often 

intensification (Marușca, 2016). 
However, the semi-natural 
grasslands with extensive 
management in Romania (Vîntu et 

al., 2011) are considered hotbeds of 
biodiversity, some even of major 
international importance, competing 
with the diversity of habitats that 

have world records in the number of 
species per unit area (Wilson, 
2012). It is currently the interest of 
society to benefit from the effects of 

biodiversity on the functioning of 
grassland ecosystems in order to 
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practice sustainable agriculture. 
(Klaus et al., 2019). Of the nearly 
4.8 million hectares of grassland 

that has Romania, 2 million ha are 
pastures with a high natural value, 
which are located along the 
Carpathian Arch (HNV; 

https://www.madr.ro/docs/dezvoltar
e-rurala/2019/PNDR-2014-2020-
versiunea-IX-aprobata-23-ianuarie-
2019.pdf). Agri-environment 

schemes in post-communist 
countries come to conserve semi-
natural grasslands with all their 
characteristics (Sutcliffe et al., 

2015; Rūsiņa et al., 2020). 
Agricultural Payments and 
Intervention Agency (APIA) from 
our country through payment 

schemes and support measures 
(compensatory rural development 
measures for commitments - from 
PNDR 2014-2020 and 2021-2027) 

support the biodiversity of 
grasslands with high natural value 
(Measure 10 - Environment and 
Climate, Package 1 - grasslands 

with high natural value). The 
characterization of these 
phytocenoses is of major 
importance for the knowledge of the 

status, but especially for the 
elaboration of sustainable 
management measures, the 
maintenance of the grasslands at the 

level of the agricultural landscape 
and the sustainable use of resources. 
(Chebli et al., 2017). Ecological and 
agronomic assessment of high value 

natural pastures (HNV) is a topical 
issue at European level and requires 
detailed research (Torres-Miralles et 
al., 2020. A current challenge is to 

add value locally to encourage the 

extensive use of semi-natural 
grasslands (Porquedu et al., 2017; 
Birge, 2020). An HNV system in 

the nemoral floor is the 
phytocenosis of Agrostis capillaris 
with Festuca rupicola. This type of 
grasslands is spread on the level of 

oak and beech forests with a 
mixture of conifers, on 
mesoxerophilic with temperate, 
mesobasic, moderately acidic, 

sometimes skeletal or humus-poor 
soils (Țucra et al., 1987; Marușca, 
2016). In the national and 
international literature there is very 

little information on the ecological 
and agronomic value of Agrostis 
capillaris grasslands with Festuca 
rupicola. In the typology elaborated 

by Țucra et al., (1987) there is the 
deepest characterization of 
phytocenosis, but given the current 
context it is necessary a research 

corresponding to the present 
objectives. The aim of the research 
was to characterize the phytocenosis 
of Agrostis capillaris with Festuca 

rupicola semi-natural grasslands 
from the nemoral floor from an 
ecological and agronomic point of 
view. The objectives of the study 

were as follows: 
- characterization of the 

stational conditions of the 
phytocenoses; 

- study of the floristic 
composition; 

- study of phytocenosis 
preferences to ecological factors; 

- study of phytocenosis 
tolerance to agronomic factors; 

- elaboration of sustainable 
management measures. 
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MATERIAL AND METHOD 

 
The research was conducted 

in the county Bistrița (Monor, 
Gledin). Stand conditions of 

phytocenoses were described based 
on the following parameters: 
altitude (m), slope (%), exposition, 
land use, general cover (%), wooden 

vegetation cover (%), stubs (%), 
rocks (%), stones (%), fallow 
molehills (%), fresh molehills (%), 
landslides (%), erosion (%), swamps 

(%). The floristic composition was 
interpreted using an improved 
Braun-Blanquet scale with 
subdivisions (Păcurar and Rotar, 

2014). Sward fodder value was 
calculated based on species quality 
score on a scale from 1 (poor) to 9 
(excellent), after Dierschke and 

Briemle (2002), as modified by 
Păcurar and Rotar (2014). Sward 
fodder value was performed on a 
scale from 1 (poor sward, quality 

dominated by toxic species) to 9 
(excellent) after Păcurar and Rotar 
(2014). Data regarding the share of 
economic groups (Poaceae, 

Cyperaceae - Juncaceae, Fabaceae 
and other botanical families- OFB), 
species number were processed by 
analysis of variance. Plant 

resistance against interference 
mechanical, such as mowing, 
grazing and crushed materialized by 
value indicator (from 1-9) after 

Dierschke and Briemle (2002), and 
the names of appropriate species 
depending on the category 

disturbance were taken after Păcurar 
and Rotar (2014). Based on data 
from spectrum it can be calculate 
the average indicator of a 

phytocenosis. This may be 
unweighted or weighted. Assigning 
a phytocenosis feed is achieved at 
the expense calculated weighted 

average indicator value.  
Using descriptive statistics 

(Cristea et al., 2004) analyzes were 
performed which are divided into 

two categories: central tendency 
parameters and indicators of 
scattering data. In the central 
tendency parameters included those 

processes provide a representative 
value (central) measured for the 
data stream. There are three 
estimators that can be used for this 

purpose: the mean, median and 
module. Species with indicator 
value for HNV systems were taken 
after Indicator species for 

grasslands with High Natural Value 
from the site Ministry of 
Agriculture and Rural Development. 

A total of 45 floristic 

surveys were carried out. A large 
number of them were included in 
pastoral arrangements for the 
communes: Monor. 

 
RESULTS AND DISCUSSION 

 
The type of grasslands 

Agrostis capillaris - Festuca 
rupicola is part of the series 

Agrostis capillaris, meso- xerofile 

specific habitats, slopes gently 
sloping, south west and north 
exhibition (Țucra et al., 1987). In 

our case, the type Agrostis caillaris 
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- Festuca rupicola was described in 
nemoral floor, at altitudes between 
370 and 650, generally starting on 

exhibitions SV until the N (90
o
 - 

180
o
), land with an average slope of 

around 13.7
0
 (table 1). In this type, 

woody vegetation cover has an 

average of 7.6% (table 1). Overall, 
the herbaceous vegetation coverage 
is averaging 83.2%. The stub 
presence in most cases is lacking 

entirely. The situation is similar in 
the case of rocks and stones. Fallow 
molehills have a presence, generally 
about 2.25%. The Phytodiveristy of 

this grassland type is given by a 51 
species. Poaceae family makes its 
presence felt in the sward with an 
average participation of 48.86%, 

Fabaceae family participates in the 
floristic composition, an average of 
only 4.5%, Cyperaceae & 
Juncaceae with 0.5% and plants 

from other botanical families (OBF) 
are present with 37.48%. High 
numbers of forbs suggest the 
importance for biodiversity, but this 

also underlines poor quality and low 
production for livestock farming 
(Simić et al., 2017). 

The floristic nucleus of this 

type of grassland is given for 
edifying species and frequent 
species. Thus, edifying species (K = 
V), for Agrostis capillaris - Festuca 

rupicola grassland type are: 
Trifolium repens (2.5%), Achillea 
millefolium (2.5%), Agrimonia 
eupatoria (0.5%), Thymus 

pulegioides (2.5%), Plantago 
lanceolata (0.73%). The frequent 
(common) species (K = IV) are: 
Plantago media (0.75%) și Lotus 

corniculatus (0.83%).  
Potential indicator species 

for this studied type of grassland 

are: Anthoxantum odoratum 
(2.57%), Carex humilis (0.5%), 
Centaurea jacea (0.55%), 
Convolvulus arvensis (0.48%), 

Leontodon autumnalis (0.65%), 
Leucanthemum vulgare (0.5%). For 
the correct identification of species 
with indicator value, phytocenosis 

must be compared with other types 
of grassland using special methods 
of analysis. (Legendre & Gallagher, 
2001). 

In this phytocoenosis are 13 
accompanying species (K = II), and 
22 random species (K = I; Table 1). 
Heightening nature conservation 

value of the grassland is showed by 
increasing rate of accompanying 
species (Penksza et al., 2009).  

Following the ecological 

spectrum, it is found that the 
phytocenosis of the Agrostis 
capillaris - Festuca rupicola 
grassland type is meso-xerophilic 

(Up = 3.6), moderately acidophilic 
(Rp = 5.6) and oligomezotrophic 
(Np = 3.2; Table 2). 

From an agronomic point of 

view, the phytocenosis of the 
Agrostis capillaris - Festuca 
rupicola type is medium tolerant to 
mowing (Cp = 5.6), grazing (Pp = 

5.7) and crushing (Sp = 5.2). 
VF (pastoral value) is 4.5 

which means that the grasslands 
falls into the fourth class, the 

category of mediocre grasslands and 
supports a stocking density of 0.41-
0.60 LU/ha (Table 2). 
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Table 1 
Floristic composition of the type of grassland Agrostis capillaris - Festuca rupicola 

and specific requirement on ecological, agronomic and anthropogenic  (T - temperature, 

U - humidity, R - soil reaction, N – nutrition, C - tolerance of mowing, P - tolerance of 

grazing, S - tolerance of crushed, VF - fodder value, SO - sozological category; the 

name of species with bold are indicative species for HNV) 
Ecological 

index 

Agronomical  

index 

Stand 

conditions  

  Altitude (m) 300-650 

Slope (°) 13.7 

Exposition S-V, N 

Land use grazin 

Grassland type Agrostis 

capillaris -

Festuca 

rupicola 

General cover (%) 83.2 

Wooden vegetation 

cover (%) 
7.6 

Stubs (%) - 

Rocks (%) - 

Stones (%) - 

Fallow molehills (%) 2.25 

Fresh molehills (%) 0.75 

Landslides (%) 4.65 

Erosion (%) 1.2 

Swamps (%) - 

Species 
ADm 

(%) 
K 

T U R N C P S SO VF 

x x x 4 6 5 5 n 6 Agrostis capillaris 29 V 

x x 5 x 7 5 5 n 4 Anthoxantum odoratum 2.57 III 

x x x 3 4 4 4 n 5 Briza media 0.5 I 

5 5 x 4 7 7 7 n 7 Cynosurus cristatus 0.5 II 

x x 3 2 4 4 4 n 4 Danthonia decumbens 0.5 I 

x 5 x 6 8 4 6 n 9 Dactylis glomerata 0.5 II 

x 7 x 3 5 7 4 n 3 Deschampsia caespitosa 5 I 

7 3 8 2 7 7 7 n 4 Festuca rupicola 22.25 V 

7 2 8 2 7 7 7 n 4 Festuca valesiaca 0.53 I 

5 4 x 4 6 4 4 n 6 Holcus lanatus 0.5 II 

x x 2 2 3 5 5 n 3 Nardus stricta 2 I 

x 5 x 6 8 6 6 n 9 Phleum pratense 0.5 II 

x 5 x 8 9 9 9 n 7 Poa pratensis 0.5 I 

 PO ACEAE 48,86  
x 4 8 3 4 4 4 n 6 Anthylis vulneraria 0.5 I 

6 3 5 2 1 5 4 n 4 Cytisus albus 0.5 I 

5 x 4 2 3 5 4 n 3 Genista tinctoria 0.5 I 

x 4 7 4 6 4 4 n 7 Lotus corniculatus 0.83 IV 

0 0 0 0 0 0 0 0 0 Trifolium arvense 0.5 I 

0 0 0 0 0 0 0 0 0 Trifolium medium 0.5 I 

x x x 6 7 4 4 n 8 Trifolium pratense 0.5 II 

x x x 6 8 8 8 n 8 Trifolium repens 2.5 V 

 FABACEAE 4.5  
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Table 1 (continuation) 

T U R N C P S SO VF Species 
ADm 

(%) 
K 

- - - - - - - - - Carex humilis 0.5 III 

 
CYPERACEAE 

&JUNCACEAE 
0.5  

x 4 x 5 7 4 5 n 6 Achillea millefolium 2.5 V 

6 4 8 4 3 4 3 n 3 Agrimonia eupatoria 0.5 V 

5 5 7 4 5 2 2 n 4 Campanula patula 0.5 II 

x 4 x 2 3 8 7 n 3 Carlina acaulis 0.5 II 

0 0 0 0 0 0 0 0 0 Centaurium erythrea 0.5 I 

- - - - - - - - - Centaurea jacea 0.55 III 

x x x 7 5 7 4 n 3 Cirsium arvense 0.5 II 

6 x 7 x 4 4 4 n 5 Convolvulus arvensis 0.48 III 

5 4 7 2 3 4 4 n 4 Dianthus carthusianorum 0.5 I 

0 0 0 0 0 0 0 0 0 Dipsacus fullonum 0.5 I 

0 0 0 0 0 0 0 0 0 Epilobium palustre 0.5 I 

x 5 x 3 5 6 5 n 3 Euphrasia rostkoviana 2.5 II 

0 0 0 0 0 0 0 0 0 Hieracium aurantiacum  2.5 II 

x 6 3 2 3 3 3 n 4 Hypericum perforatum 0.5 I 

x 5 x 5 7 7 7 n 5 Leontodon autumnalis 0.65 III 

x 4 x 3 6 3 4 n 5 Leucanthemum vulgare 0.5 III 

0 0 0 0 0 0 0 0 0 Linaria officinalis 0.5 I 

x x x x 7 6 6 n 6 Plantago lanceolata 0.73 V 

x 4 8 3 4 8 8 n 5 Plantago media 0.75 IV 

x 5 3 2 4 4 4 n 4 Polygala vulgaris 0.5 I 

x x x 2 3 4 5 n 5 Potentilla erecta 0.5 II 

x x 4 x 9 8 8 n 4 Prunella vulgaris 0.5 II 

5 x 3 3 3 7 2 n 1 Pteridium aquilinum 8 I 

5 4 2 2 7 4 4 n 2 Rumex acetosella 0.5 II 

5 4 8 2 5 3 4 n 4 Scabiosa columbaria 0.5 I 

x 4 4 x 4 5 5 n 1 Stellaria graminea 0.5 I 

x 4 5 6 4 4 4 n 3 Thymus pulegioides 2.5 V 

x 5 x 6 8 7 7 n 7 Taraxacum officinale 2.5 I 

7 8 8 6 3 4 4 n 4 Teucrium chamaedrys 0.5 II 

 O FB 37.48  

(x-Average, ADm- mean abundance – dominance, K- Constancy) 

 
In the phytocenosis of the 

type Agrostis capillaris - Festuca 
rupicola there are 2 toxic species 

(Pteridium aquilinum and Stellaria 
graminea). At the same time, a 
major importance must be given to 
invasive species (Pteridium 

aquilinum), a correct management 
involves their removal before 
reaching maturity (to prevent the 
penetration of seeds into the soil) 

Ghorbani et al. 2006. In this 
phytocenosis exist one specie 
harmful to animal products - Rumex 

acetosella. The quality of these 
grasslands can be improved by 
combating toxic species, harmful to 

animal products, but also by 
improvement measures 
(fertilization) and maintenance 
works. Gheorghe P., 2018. In the 

floristic composition there is species 
harmful to the grassland vegetation 
(Thymus pulegioides, Prunella 
vulgaris, Scabiosa columbaria, 

Teucrium chamaedrys etc.), 14 
species of lower fodder value (not 
eaten by animals) with a significant 



Păcurar F.S. et al. 

Romanian Journal of Grassland and Forage Crops (2020) 22                                                   61 

participation of 47.5% in the sward 
(Festuca valesiaca, Cytisus albus, 
Campanula patula etc). There are 

also 13 medium fodder value 
species (Agrostis capillaris, Holcus 
lanatus, Anthylis vulneraria, 
Achillea millefolium, Plantago 

lanceolata, etc.), and very good 
fodder value species is prezent to 
the floristic compozition with 

Phleum pratense and Dactylis 
glomerata (Table 2). In the floristic 
composition of the Agrostis 

capillaris - Festuca rupicola type 
there are 24 species with indicator 
value for HNV systems. Almost half 
of the phytocenosis species have 

this quality, the situation that gives 
the type of HNV system value. 

 

Table 2 

The ecological and agronomic spectrum of the  
Agrostis capillaris - Festuca rupicola grassland type 

Ecological 
Indexes 

Ecological spectrum VIMnp 

1 2 3 4 5 6 7 8 9 x VIMp 

Unp 0 0 2 12 6 1 0 0 0 12 4.3 

Up 0 0 22.8 10 5 0.5 0 0 0 53.5 3.6 

Rnp 0 2 4 3 3 0 3 4 0 14 5.1 

Rp 0 8.5 9.5 1.5 5.5 0 1.5 23.8 0 41.5 5.6 

Nnp 0 12 5 6 2 4 0 0 0 4 3.3 

Np 0 35.3 12 31.5 3 6 0 0 0 4 3.2 

Agronomical 
Indexes 

Agronomical spectrum VIMpn 

1 2 3 4 5 6 7 8 9 x  

Cnp 1 0 8 6 3 4 8 2 1 0 5.1 

Cp 0.5 0 19 5 3.5 30.5 29.8 3 0.5 0 5.6 

Pnp 0 1 3 13 6 3 4 3 0 0 4.9 

Pp 0 0.5 1.5 10.5 41 3.5 31.25 3.5 0 0 5.7 

Snp 0 2 2 14 7 2 4 2 2 0 4.8 

Sp 0 8.5 1 9 45.5 1 23.8 3 0 0 5.2 

VFnp 2 1 6 10 4 5 2 2 1 0 4.6 

VFp 8.5 0.5 14.5 28.8 2 33 1 3 0.5 0 4.5 
U humidity C mowing VF Fodder value 

R Soil reaction P grazing np 
unweighted (depending on the number of 
species) 

N nutrition S crushed p weighted (depending on species coverage) 

CONCLUSIONS 
    

The type Agrostis caillaris - 
Festuca rupicola appear in nemoral 
floor, at altitudes between 370 and 
650, on exhibitions SV until the N, 

land with an average slope of 
around 13.70 with 7.6% woody 
vegetation cover and 83.2% 
herbaceous vegetation coverage and 

the phytodiveristy is given by a 51 
species. 

The phytocenosis of the 
Agrostis capillaris - Festuca 

rupicola grassland type is meso-
xerophilic, moderately acidophilic, 
oligomezotrophic, medium tolerant 
to mowing, grazing and crushing. 
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The agronomical category of 
the Agrostis capillaris - Festuca 
rupicola grassland type is mediocre 

and supports a stocking density of 
0.41-0.60 LU/ha. 

Phytocenosis type Agrostis 

capillaris - Festuca rupicola 
includes many species with 
indicator value for grassland 

systems with High Natural Value, 
which gives it the quality of HNV. 

 
RECOMANDATION     

- removal of woody 

vegetation; 
- cleansing grasslands; 
- combating molehills; 
- combating toxic species; 

- control of species harmful to 
animal products; 

- fighting forage species with 

lower fodder value and the 
vegetation harmful; 

- the corresponding load 
stocking density; 

- adequate grazing system. 
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Abstract 

Extensive grasslands in Romania are representing most of the agricultural 

land, they being a very important natural resource that provides numerous services. 

The goal of this research was to highlight some of  the relationships that are active on 
short time between some vegetation features and some soil fertility features. The 

researches were carried out on a pasture from the nemoral area belonging to the 

grassland typological series and type Festuca valesiaca – Festuca rupicola, the subtype 

Agrostis tenuis, according to Țucra et al. (1987). The analysed pasture field plot was 

placed in the locality Grădinari (Caraș-Severin county). The vegetation features 
considered in this research were biodiversity, floristic composition and pastoral value. 

The soil features considered were pH, humus content (%), total N content (%), P (ppm) 

and K (ppm). The statistical methods used were exploratory factor analysis (EFA) and 

Pearson’s r value. The obtained results show under different aspects that the soil and 

vegetation are interdependent, every of them being conditioned by the other. The 
resilience of a certain pattern of the interrelations between the vegetation features and 

soil features in the extensive pasture demands minimal maintenance works. 

 

Keywords: extensive pasture, biodiversity, floristic composition, soil features.  

INTRODUCTION 

 

The importance of this 
research comes from the great 
surface of land covered by 

seminatural grasslands in Romania 
(Samuil et al., 2009, Durău et al., 
2011), that represents the resource 
of the cheapest forage (Sărățeanu et 

al., 2016). These land surfaces play 
many roles together witho the use as 
feed resource. The importance of 
seminatural grassland is given by 

the numerous services provided 
across the agricultural (Zisenis et 
al., 2011) and-environmental 
services (Bengtsson et al., 2019) as 

erosion and pest control (García-
Feced, 2015) including the 
providing of pollination (Tälle, 

2018) to the socio-economic ones.  
Seminatural grasslands are 

one of the most biodiverse 
ecosystems from worldwide (Bonari 

et al., 2017; Wilson et al., 2012). 
The researches carried out 

by Pegtel (1987) on extensive 
managed seminatural grasslands 

regarding the soil fertility show that 
the low-growing species 
characteristic on low fertile soil are 
rapidly replaced with fast-growing 
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species when increases nutrients 
availability. According with Qiu et 
al (2017) plants biodiversity is 

strongly regulated by the cycles of 
nitrogen, phosphorus and 
potassium. The research developed 
by Schaub et al. (2020) conducted 

to the conclusion that the 
maintenance and re-establishing of 
biodiversity can be a way to manage 
the temperate grassland in a 

sustainable manner. The low organic 
fertilisation of the permanent 
grasslands can preserve and develop 

biodiversity (Samuil et al., 2012). 
The goal of this research was 

to find different relationships 
between some features of 

seminatural grassland vegetation as 
are biodiversity, floristic 
composition and pastoral value and 
some soil features. 

 
MATERIAL AND METHOD 

 
The research was focused on 

an area rich in permanent grasslands 
from western Romania, respectively 

the locality Grădinari (Caraș-
Severin county). The field 
vegetation data and soil samples 
were collected in the years 2003, 

2007, 2008 and 2009. The analysed 
pasture is dry pasture used in an 
extensive manner.  

The analysed pasture plot is 

placed at 195 m a.s.l., the soil type 
is brown alluvial, the multiannual 
average temperature in the area is 
10.9 

o
C and the multiannual rainfall 

amount is 836 mm (Sărățeanu et 
al.2011). 

The vegetation was analysed 
using the linear point quadrate 

method elaborated by Daget et 
Poissonet (1971). 

Biodiversity analysis was 
assessed from three different points 

of view, there being considered 
species richness (S), Shannon index 
(H’) and Simpson index (D). 

Floristic composition, was 

considered by grouping the plants 
species in the main functional 
groups (McLaren, 2006; Lavorel et 

Garnier, 2002; McIntyre et al. 1999). 
Pastoral value on 0-100 

scale was calculated according with 

Daget et Poissonet (1971) method; 
the quality specific indexes used 
were the one considered for the 
Romanian grassland vegetation 

according with Kovacs et al. (1979). 
Soil analyses where 

determined partly by O.S.P.A. 
Timișoara (the samples from the 

years 2003 and 2007) and the other 
part (samples from the years 2008 
and 2009) at the Platform for 
Interdisciplinary Research of 

Banat’s University of Agricultural 
Sciences and Veterinary Medicine 
“King Michael I of Romania” from 
Timișoara (USAMVBT). The soil 

features were analysed using the 
protocols of O.S.P.A and Platform 
for Interdisciplinary Research of 
USAMVBT. The soil laboratory 

analyses were the following: pH 
(from aqueous extract); humus 
content (%); total N (%); P (ppm) 
and K (ppm). 

The data were processed 
using the statistical software JASP 
(descriptive statistics and 
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Exploratory Factors Analysis -
EFA). For the calculation of the 
Person’s rcalc was used the 

programme Microsoft Excel and the 
interpretation of the results was 
done according with Cann (2007). 

 
RESULTS AND DISCUSSION 

 
 The vegetation type of the 

analysed pasture sward is framing 
according with Țucra et al. (1987) 

in the nemoral environmental zone, 
the subzone of sub-thermophilus - 
thermophilus oak, in the grassland 
typological series Festuca valesiaca 

- Festuca rupicola, and in the type 
with the same name, respectively 
the subtype Agrostis tenuis 
(Sărățeanu et al., 2010, 2013).  

 Biodiversity considered 
from the point of view of species 
richness (S) determined in the 
pasture field plot was comprised 

during the researches between S = 
22 (year 2003) and S = 35 (2008). 
Shannon index had values between 
H’ = 3.25 (year 2003) and H’ = 

4.75 (year 2008) showing a medium 
to high biodiversity.  Simpson index 
had values comprised between D = 
0.045 (year 2008) and D = 0.106 

(year 2009) showing that the 
vegetation cover has many species 
with similar population sizes.  

 Floristic composition has 

considered the species from the 
pasture by grouping them in the 
main functional groups, respectively 
grasses, legumes and forbs. The 

functional groups were studied by 
assessing the species number and 
the specific contribution (CS%). 
The lowest number of grasses was 

determined in 2007 (3 species) and 
the highest in 2003 and 2008 (6 
species). The specific contribution 

of the grasses in the analysed plot 
was the lowest in 2008 (CS% = 
34.16) and the highest in 2009 

(CS% = 52.91). The analysed 
pasture plot is rich in legumes, they 
being found in a great number of 
taxa, respectively from 6 species (in 

2003 and 2009) to 11 (in 2008). The 
CS% of the legumes was comprised 
between 12.49% in 2009 and 
34.58% in 2008. Forbs number was 

comprised between 10 (in 2003) and 
18 (in 2008 and 2009). The greatest 
contribution of the forbs group was 
determined in 2003 (CS%=48.2) 

and the lowest in 2008 (CS%=31.3). 
 Pastoral value of the studied 

pasture plot was very low 
considered on 0-100 scale, the 

determined values being comprised 
between VP = 11.31 (in 2003) and 
23.67 (in 2009). 

 The soil features analysed in 

this research were pH, humus 
content (%), total N (%), P (ppm) 
and K (ppm). Soil pH was 
comprised between 5.72 (2009) and 

6.33 (2007), there being noticed a 
slightly decrease of the acid soil 
reaction to low acid-neutral. An 
interesting fact was noticed 

regarding the evolution of the 
humus content in soil that from 3.56 
% in 2003 reached to 6.18 % in 
2009, this fact being probably due 

to extensive grazing and the 
application of the cutting of the 
unconsumed biomass in every 
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autumn. The total N content in soil 
was comprised between 0.26 (in 
2008) and 0.4 (in 2003 and 2007). P 

content was comprised between 
36.4 ppm in 2007 and 58.3 ppm in 
2008. K content ranged during the 
researches between 136 ppm in the 

year 2003 and 229 ppm in 2009. 
 In the following are 

presented some statistical analyses 
that among considered vegetation 

and soil features. 
 In Table 1 is presented the 

descriptive statistics that relates the 
soil pH with some biodiversity 

indexes as are species richness, 
Shannon index and Simpson index. 
In figure 1 is presented the 
correlation plots together with the 

histograms and density plots for 
biodiversity (species richness, 
Shannon index and Simpson index) 
and soil pH. The aspect of the 

scatterplots and the trendlines 
suggest the possible existence of 
some positive correlations (e.g. 
between species richness and 

Shannon index, and between 
Shannon index and soil pH) and 
negative correlations between 
Simpson index and the other 

analysed variables, including soil 
pH. 

For the finding of the factors 
that are underlying the data 

regarding biodiversity and soil pH 
and their multivariate normal 
distribution it was used the 
Exploratory Factors Analysis 

(EFA). In Table 2 is presented Chi-
squared test, factor loadings and 
factor characteristics for species 
richness, Shannon index, Simpson 

index and soil pH. According with 

the Chi-squared test result that the 
null hypothesis is rejected. 
Regarding the factor loading there 

was considered the Factor 1 and 
Uniqueness of every of the analysed 
variables arrays considered, 
respectively biodiversity indexes 

and soil pH. Thus, there is analysed 
the factor characteristics. In figure 2 
is presented the path diagram that 
represents the direction and strength 

of the interrelation among the 
analysed datasets arrays showing 
their order in the causal influence 
according with the factors and 

variables loadings. According with 
EFA results (Table 2 and Figure 2), 
the factors influence on the 
variables has the following order: 

Shannon index, Species richness 
and soil pH. The highest variables 
loading was determined in the case 
of soil pH, this showing the 

percentage of the variance that isn’t 
totally explained by the analysed 
factors. 

The descriptive statistics 

regarding the floristic composition 
on the main functional groups as 
species number, respectively grasses 
number, legumes number and forbs 

number, and soil pH is presented in 
Table 3. In figure 3 are represented 
the correlation plots between the 
analysed variable arrays and the 

histograms and density plots. The 
scatterplots and their trendlines 
suggest some possible correlations, 
respectively positive between 

legumes number and soil pH, and 
negative between grasses number 
and forbs number and between 
grasses number and soil pH. 
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Table 1 

Descriptive statistics of biodiversity (species richness, Shannon index and Simpson 
index) and soil pH in the permanent pasture from Grădinari 

  Specification Species richness  Shannon index  Simpson index  pH  

Valid  
 

4  
 

4  
 

4  
 

4  
 

Missing  
 

3  
 

3  
 

3  
 

3  
 

Mean  
 

28.250  
 

4.043  
 

0.075  
 

5.985  
 

Median  
 

28.000  
 

4.085  
 

0.075  
 

5.945  
 

Std. Deviation  
 

5.315  
 

0.631  
 

0.025  
 

0.280  
 

Kurtosis  
 

1.544  
 

0.139  
 

0.874  
 

-2.375  
 

Std. Error of Kurtosis  
 

2.619  
 

2.619  
 

2.619  
 

2.619  
 

Shapiro-Wilk  
 

0.942  
 

0.994  
 

0.992  
 

0.932  
 

P-value of Shapiro-Wilk  
 

0.666  
 

0.976  
 

0.966  
 

0.606  
 

Minimum  
 

22.000  
 

3.250  
 

0.045  
 

5.720  
 

Maximum  
 

35.000  
 

4.750  
 

0.106  
 

6.330  
 

 

 
Figure 1. Histograms and density plots with the correlation plots between biodiversity 

(species richness, Shannon index and Simpson index) and soil pH 
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Table 2 

Exploratory Factors Analysis (EFA):  
Chi-squared test, factor loadings and factor characteristics for considered datasets  

(species richness, Shannon index, Simpson index and soil pH) 
 

Factor Loadings  

   Factor 1  Uniqueness  

Species richness  
 
0.859  

 
0.263  

 
Shanon index  

 
1.003  

 
-0.005  

 
Simpson index  

 
-0.727  

 
0.472  

 
pH  

 
0.640  

 
0.590  

 
Note.  Applied rotation method is promax.  

 
 

Chi-squared Test  

   Value           df          p  

Model  
 
      64.443  

 
2  

 
        < 0.001  

 
 

Factor Characteristics  

   
Sum Sq. 

Loadings  
Proportion var.  Cumulative  

Factor 1  
 

2.680  
 

0.670  
 

0.670  
  

 

 
Figure 2. Path diagram among the variables and factors considered for EFA  

(species richness, Shannon index, Simpson index and soil pH) 

 

EFA analysis for the data 
arrays of grasses number, legumes 
number, forbs number and soil pH 

is presented in Table 4. The Chi-
squared test result obtained rejects 
the null hypothesis that have 
determined the calculation of the 

factor and variable loadings. 
In Figure 4 is represented the 

path diagram for the variables 
grasses number, legumes number, 

forbs number and soil pH. The 
greatest loading was determined for 
the factor soil pH, followed by forbs 
number and legumes number. The 

ranking of the variables according 

with their percentage of the variance 
that isn’t explained totally by the 
analysed factors is the following: 

grasses number, legumes number, 
forbs number and soil pH. 

The descriptive statistics 
referring to the floristic composition 

considering the specific contribution 
of the main functional groups 
(grasses CS%, legumes CS% and 
forbs CS%) and soil pH is presented 

in Table 5. The histograms, density 
plots and correlation plots among 
these variable arrays are presented 
in Figure 5.  
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Table 3 

Descriptive statistics of floristic composition as species number (grasses no, legumes no 
and forbs no) and soil pH in the permanent pasture from Grădinari 
Specification Grasses no  Legumes no  Forbs no  pH  

Valid  
 

4  
 

4  
 

4  
 

4  
 

Missing  
 

3  
 

3  
 

3  
 

3  
 

Mean  
 

4.750  
 

7.750  
 

15.750  
 

5.985  
 

Median  
 

5.000  
 

7.000  
 

17.500  
 

5.945  
 

Std. Deviation  
 

1.500  
 

2.363  
 

3.862  
 

0.280  
 

Kurtosis  
 

-3.901  
 

0.436  
 

3.680  
 
-2.375  

 
Std. Error of Kurtosis  

 
2.619  

 
2.619  

 
2.619  

 
2.619  

 
Shapiro-Wilk  

 
0.849  

 
0.848  

 
0.717  

 
0.932  

 
P-value of Shapiro-Wilk  

 
0.224  

 
0.220  

 
0.018  

 
0.606  

 
Minimum  

 
3.000  

 
6.000  

 
10.000  

 
5.720  

 
Maximum  

 
6.000  

 
11.000  

 
18.000  

 
6.330  

 
 

 
Figure 3. Histograms and density plots with the correlation plots between floristic 

composition (grasses no, legumes no and forbs no) and soil pH 

 

The correlation plots suggest 

the positive relationship as in the 

case of species number between 

legumes number and soil pH. Thus, 
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there are suggested some negative 
correlations, same as in the case of 
species number, respectively 

between grasses CS% and soil pH, 

and other between grasses CS% and 
legumes CS%, and between 
legumes CS% and forbs CS%. 

.

Table 4 

Exploratory Factors Analysis (EFA): Chi-squared test, factor loadings and factor 

characteristics for considered datasets (grasses no, legumes no, forbs no and soil pH) 
 

Factor Loadings  

   Factor 1  Uniqueness  

Grasses no  
 
  

 
0.897  

 
Legumes no  

 
0.627  

 
0.607  

 
Forbs no  

 
0.657  

 
0.568  

 
pH  

 
0.801  

 
0.359  

 
Note.  Applied rotation method is promax.  

 
 

Chi-squared Test  

   Value           df          p  

Model  
 
      112.937  

 
2  

 
        <0.001  

 
 

Factor Characteristics  

   
Sum Sq. 

Loadings  

Proportion 

var.  
Cumulative  

Factor 1  
 

1.570  
 

0.393  
 

0.393  
  

 

 
Figure 4. Path diagram among the variables and factors considered for EFA 

(grasses no, legumes no, forbs no and soil pH) 

 
Table 5 

Descriptive statistics of floristic composition by specific contribution (grasses CS%, 

legumes CS% and forbs CS%) and soil pH in the permanent pasture from Grădinari 

 Specification  Grasses CS%  Legumes CS%  Forbs CS%  pH  

Valid  
 

4  
 

4  
 

4  
 

4  
 

Missing  
 

3  
 

3  
 

3  
 

3  
 

Mean  
 

40.162  
 

21.010  
 

38.828  
 

5.985  
 

Median  
 

36.790  
 

18.485  
 

37.925  
 

5.945  
 

Std. Deviation  
 

8.661  
 

10.270  
 

7.502  
 

0.280  
 

Kurtosis  
 

3.222  
 

-0.869  
 

-1.557  
 

-2.375  
 

Std. Error of Kurtosis  
 

2.619  
 

2.619  
 

2.619  
 

2.619  
 

Shapiro-Wilk  
 

0.791  
 

0.891  
 

0.963  
 

0.932  
 

P-value of Shapiro-Wilk  
 

0.087  
 

0.389  
 

0.795  
 

0.606  
 

Minimum  
 

34.160  
 

12.490  
 

31.260  
 

5.720  
 

Maximum  
 

52.910  
 

34.580  
 

48.200  
 

6.330  
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Figure 5. Histograms and density plots with the correlation plots between floristic 

composition (grasses CS%, legumes CS% and forbs CS%) and soil pH 

 
The EFA analysis among the 

variables arrays grasses CS%, 
legumes CS%, forbs CS% and soil 

pH is represented in Table 6. The 
Chi-squared test result rejects the 
null hypothesis for the grouped 
variables. In Figure 6 is presented 

the path diagram between the 
considered variables and factors, 
respectively grasses CS%, legumes 
CS%, forbs CS% and soil pH. The 

greatest loading was determined for 
the factor legumes CS%, followed 
by soil pH and grasses CS%. The 
variance unexplained by the 

analysed factors of the variables is 
in the following order: forbs CS%, 
grasses CS%, soil pH and legumes 

CS%. 
In Table 7 is presented the 

descriptive statistics regarding the 
pastoral value (VP) and soil pH. 

The VP values are decreasing with 
the increase of the pH (Figure 7), 
from medium acidic to low acidic. 
This fact can be explained by the 

improvement of the soil reaction 
conditions that allowed the increase 
of the specific contribution rate of 
some species without forager value 
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as e.g. Thymus serpyllum (CS% = 
5.83) or Gallium verum (CS% = 
4.16). 

In Table 8 are presented the 
correlation coefficients according 
with Pearson’s rcalc values (after 
Cann, 2007) among the pasture 

biodiversity, floristic composition 
and pastoral value related with the 
soil features. There were determined 
several significant positive 

correlations, respectively between 
the forbs CS% ant total N content 
from soil (rcalc = 0.869*), between 
species richness and P content in 

soil (rcalc = 0.832*), and between 
forbs species number and K content 
in soil (rcalc = 0.825*). 

The results obtained by 

Chytrý e al. (2003) assumed that 

species richness in dry grasslands 
increases with soil reaction increase. 
Our results regarding different 

aspects of biodiversity in 
relationship with soil pH in the 
analysed pasture plot (Figure 1 and 
Figure 2) show the same trend of 

biodiversity increase with soil pH 
and the reverse of this relationship.  

The researches carried out 
by Stefan et al (2000) on grassland 

biodiversity in relationship with soil 
biota shows that the conservation of 
the species from different 
taxonomic and trophic levels is very 

important, plants species 
biodiversity having a positive 
influence on in the C-source from 
the soil organic matter use.  

 
Table 6 

Exploratory Factors Analysis (EFA): Chi-squared test, factor loadings and factor 

characteristics for considered datasets  

(grasses CS%, legumes CS%, forbs CS% and soil pH) 

 
Factor Loadings  

   Factor 1  Uniqueness  

Grasses CS%  
 
 -0.757 

 
0.427  

 
Legumes CS%  

 
0.948  

 
0.101  

 
Forbs CS%  

 
  

 
0.953  

 
pH  

 
0.799  

 
0.362  

 
Note.  Applied rotation method is promax.  

 
 

Chi-squared Test  

   Value           df          p  

Model  
 
      68.513  

 
2  

 
        <0.001  

 
 
Factor Characteristics  

   
Sum Sq. 

Loadings  

Proportion 

var.  
Cumulative  

Factor 1  
 

2.156  
 

0.539  
 

0.539  
  

 

 
Figure 6. Path diagram among the variables and factors considered for EFA  

(grasses CS%, legumes CS%, forbs CS% and soil pH) 
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Table 7 

Descriptive statistics of pastoral value (VP) and soil pH  

in the permanent pasture from Grădinari 

   VP (0-100)  pH  

Valid  
 

4  
 

4  
 

Missing  
 

0  
 

0  
 

Mean  
 

15.910  
 

5.985  
 

Median  
 

14.330  
 

5.945  
 

Std. Deviation  
 

5.553  
 

0.280  
 

Kurtosis  
 

1.217  
 

-2.375  
 

Std. Error of Kurtosis  
 

2.619  
 

2.619  
 

Shapiro-Wilk  
 

0.891  
 

0.932  
 

P-value of Shapiro-Wilk  
 

0.386  
 

0.606  
 

Minimum  
 

11.310  
 

5.720  
 

Maximum  
 

23.670  
 

6.330  
 

 

 
Figure 7. Histograms and density plots with the correlation plot  

between pastoral value and soil pH 
Table 8 

Pearson’rcalc values among the pasture biodiversity, floristic composition and pastoral 
value related with the soil features (α = 0.05; n = 4; df = n – 1 one-tailed;  

p 0.1 ≥ 0.805 *; p 0.05 ≥ 0.934 **; p 0.005 ≥ 0.959 ***)  
Specification Species 

richness 
Shannon 

index 
Simpson 

index 
Grasses 

no 
Legumes 

no 
Forbs 

no 
Grasses 

CS% 
Legumes 

CS% 
Forbs 
CS% 

VP  
(0-100) 

pH 
0.414 0.626 -0.647 -0.401 0.268 0.350 -0.726 0.679 -0.091 -0.321 

humus (%) 
0.717 0.588 0.096 -0.078 0.613 0.350 -0.726 0.679 -0.091 0.633 

N total 
-0.615 -0.436 -0.153 -0.106 -0.229 -0.665 -0.581 -0.145 0.869 -0.581 

P (ppm) 
0.832* 0.673 -0.580 0.569 0.773 0.452 -0.163 0.712 -0.786 -0.165 

K (ppm) 
0.682 0.559 0.155 -0.131 0.268 0.825* 0.565 0.197 -0.786 0.684 
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Our findings regarding the 
increase of humus content in soil 
can be related in an important 

measure with the increase of the 
specie richness (rcalc = 0.717) and 
fits with the findings of Stefan et al 
(2000). 

Our result regarding the 
negative influence of the increase of 
total nitrogen content on 
biodiversity are confirmed by the 

findings of You et al. (2017) that 
show that the acceleration of 
nitrogen deposition determinates in 
time the increase of aboveground 

biomass that will affect the floristic 
composition. 

According with the results 
obtained by Kaneko et al. (2008) 

the organic matter from plant litter 
and death root of some pasture 
grasses contributes to the 
accumulation and availability of 

phosphorus in pasture. The 
phosphorus content increase from 
our pasture field plot can be related 
mostly to the legumes’ species 

number (rcalc = 0.773) and CS% 
(rcalc = 0.712), but the greatest 
impact is attributed the biodiversity 
expressed as species richness (rcalc 

= 0.832*).  
The research of Qiu et al. 

(2018) mentions that the available 

potassium is crucial for the 
vegetation recovery, our results 
showing the increase of the forb 
species number in relationship with 

potassium. 
According with Liira et al 

(2008) seminatural agricultural 
habitats are the main drivers of 

species richness in Europe due to 
the great resilience in the case of 
disturbance, this being the one main 
reasons for the preservation and 

enlargement of such habitats. In this 
way the effective conservation of 
such seminatural agricultural 
habitats shall combine the proper 

management with the limitation of 
chemical fertilizers application in 
field. These aspects were confirmed 
by our research too, because there 

was noticed that the improvement of 
the analysed soil features and 
vegetation features in a quite short 
period of time (from 2003 to 2009) 

is determined mainly by the low 
intensity extensive grazing and 
cutting of the non-grazed old 
vegetation in autumn. 

  
CONCLUSIONS 
    

The interactions of the soil 
factors that are influencing the 
vegetation of the permanent 

grasslands are very divert and 
complex. In the conditions of pH 
increase from medium acidic to low 
acidic the pastoral value decreases, 

the new conditions being favourable 
for a greater number of species, 
some of them without forager value. 

One interesting aspect is given by 
the significant increase of the forbs 
participation rate in the sward with 

the increase of the total nitrogen and 
potassium content from the soil. 
Other interesting aspect determined 
in this research highlights the 

significant increase of the species 
richness in the pasture sward with 
the increase of phosphorus content 
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in the soil.  
The general conclusion 

referring to our research is that the 

soil and the vegetation are totally 
interdependent, every of them being 
strongly conditioned by the other 
one. 

Extensive grasslands are 
extremely important doe to their 
agro-ecological services, from this 
reason their maintenance shall have 

in view the resilience in the 
conditions of a soil poor in nutrients. 
The application of extensive grazing 

associated with the cutting of the 
remaining plants late in autumn 
increase the pasture soil fertility 
features, this fact having impact on 

the plants’ species biodiversity on 
the floristic composition and on the 
pastoral value but in the same time 
on soil fertility too. 
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