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Abstract 

This paper makes a first assessment on the indicator species for physical and 

agrochemical conditions of soil specific to the Natural Habitat 62C0* Ponto-Sarmatic 

steppes from the protected area ROSCI 0201, North Dobrogean Plateau. The species 

Galium humifusum indicates soil without skeleton content while the species Astragalus 

glaucus indicates soil with a high skeleton content; Festuca callieri prefers soils with 

mild acid reaction and Marrubium peregrinum indicates soils with mild alkaline 

reaction; Dianthus nardiformis indicates a low carbonates content while Medicago 

falcata highlights a high carbonates content; Medicago lupulina prefers soils with a 

low humus supply and Achillea pannonica a high humus supply; Agropyron cristatum 

and Bromus hordeacens are indicator species strictly  for a low phosphorus content 

and finally the species Thymus zygioides and Cynodon dactylon reveal high and very 

high potassium content. These data are valuable for assessing proper management 

strategies for this protected area and for its biodiversity and pastoral landscape 

conservation. 
 

Keywords: steppe grasslands, indicator species, soil agrochemical analysis. 
 

INTRODUCTION  
 

It is well known that 

spontaneous plant species 

characteristic to the vegetation of 

permanent grasslands are found in 

certain natural stationary conditions 

and under specific anthropogenic 

influences. Numerous scientific 

works pointing out the biological, 

ecological and economic indicators 

of the grassland flora have been 

published over time in our 

specialized literature (Csűrős et al., 

1967; Kovacs, 1979; Păcurar and 

Rotar, 2014; Marușca, 2016). The 

ecological optimum for light, 

temperature, humidity, soil reaction 

and trophic conditions as well as 

agronomic characteristics as forage 

value index and usable production 

value, tolerance to mowing, 

crushing, grazing and other were 

rated for these species with grades 

from 1 to 5 or from 1 to 9. Thus, 

each species from a permanent 

grassland prefers to grow and 

develop in certain seasonal 

file:///C:/Users/Admin/AppData/Local/Temp/maruscat@yahoo.com
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conditions and under different 

management practices. We could 

say that there is a close link between 

definitions of "optimum" and 

"indicator" species. Thus, if it can 

be shown that a plant prefers certain 

natural and management conditions, 

it can be considered an indicator for 

the factors that make up these 

conditions. 

Recently, indicators for 

permanent grasslands management 

have been developed, expressing the 

degree of production intensification 

and the forage quality represented 

by the floristic composition of the 

vegetal layer (Rotar et al., 2017; 

2020). 

So far, for the stationary soil 

conditions were evaluated only the 

soil reaction (pH) and trophicity (N) 

with little reference to the physical 

and agro climatic factors (Hund, 

1966; Lauer, 1974; Marușca, 1982). 

This paper presents the indicator 

species characteristic for the main 

physical and agrochemical 

conditions of soils, specific to the 

Natural Habitat 62C0* Ponto-

sarmatic steppes within the 

protected area ROSCI0201, Nord 

Dobrogean Plateau. 
 

MATERIAL AND METHOD 
 

The research was made 

within the project ”Integrative 

management for the North 

Dobrogean Plateau (MiPoNoDo), 

116964 MySMIS code ” which 

covered non-forestry habitats, 

precisely ”Natural habitats of 

community interest 62C0*, Ponto-

Sarmatic steppes in ROSCI0201” 

(figure 1). 

In 2019 we performed 67 

floristic surveys (during two field 

trips made in June and July).

 

 
Figure 1. Location of the research area 

Source: Original 
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The sampling surface was 

100 m
2
 (10x10m). Soil samples 

were taken on the diagonals of the 

sampling area, from a depth of 10 

cm with a soil corer having a 

diameter of 25 mm. The 

participation of plant species in 

grassland vegetal layer was 

appreciated directly in percentages 

according to the Klapp - Ellenberg 

method. 

Regarding the floristic 

composition, the Habitat 62C0* 

Ponto – Sarmatic steppe is 

dominated by the species Festuca 

valesiaca (27%) and Botriochloa 

ischaemum (13%), followed by 

Cynodon dactylon, Stipa capillata, 

Thymus pannonicus, Artemisia 

austriaca, Euphorbia sequeriana, 

Crataegus monogyna, Teucrium 

chamaedrys, Poa bulbosa, 

Eryngium campestre, Achillea 

pannonica, Thymus zygioides, 

Potentilla argentea, Teucrium 

polium and Agropyron cristatum 

with a percent of participation of 1 - 

5%, the rest of the species 

accounting approximately 90% of 

the total identified species, shared a 

participation under 1% in the 

vegetal layer of these grasslands.  

These grasslands are in a 

very advanced state of degradation 

due to inappropriate maintenance 

and irrational exploitation with very 

high number of animals, especially 

sheep, all year round.  

The pastoral value is low 

(only 26) and the usable grass 

production is 2.54 t / ha green mass 

that supports a very low stocking 

rate of 0.21 LU / ha. The assessment 

of the soil physical components, 

respectively skeleton content (2-25 

mm) and their classification was 

made at the Geological Institute of 

Bucharest. The geological substrate 

represented by the skeleton content 

of the soil sampled from the 67 

stations, is mainly made up of 

"green shales" (green siltite, fine 

sandstone, hydrothermal quartz, 

para gneise, quartzo-feldspathic 

sandstone, rhyolite, etc.), with acid 

reaction, widespread in the 

Casimcea Plateau. 

In the Babadag Plateau, the 

skeleton content of the soil collected 

from the surface belongs to a cover 

dating from the Upper Cretaceous 

period (fine sandstone limestones, 

fine calcarenites, microsparitic 

limestones, silicified limestones, 

etc.) that gave rise to soils with 

basic reaction, richer in carbonates. 

The agrochemical analysis 

of the soil were performed by ICPA 

– Bucharest according to the 

following methods: 

 pH in water suspension 1:2,5; 

SR 7184-13:2001, PTL 04 

 Carbonates: gas-volumetric 

method; STAS 7184/16-80; PTL 43 

 Humus: wet oxidation; STAS 

7184/21-82; PTL 12 

 PAL: phosphorus extractable in 

ammonium acetate-lactate; STAS 

7184/19-82; PTL 19 

 KAL: potassium extractable in 

ammonium acetate-lactate; STAS 

7184/18-80; PTL 22 

The assessment of the 

physical components, respectively 

the skeleton content (2-25 mm), was 

made after an own evaluation, the 

rest of the agrochemical 

components being determined 
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according to the standardized 

classical methodology (Florea et al., 

1987). The soil reaction classes 

(pH), those expressed in percentage 

(carbonates, humus, total nitrogen) 

and mg / kg (phosphorus and mobile 

potassium) with their assessment are 

presented in the tables and diagrams 

in the next paragraph. 

Thus having for each 

floristic survey the main physical 

and agrochemical characteristics of 

the soil from the same surface, we 

were able to draw up ecological 

diagrams according to the Hund 

method (1966). Originally, the 

method highlighted the relative 

presence of a plant species in 

grassland vegetal layer in 

dependence with the agrochemical 

characteristics of the soil. Later the 

Hund method was improved by 

Lauer (1974) and Marușca (1982), 

who introduced the relative 

participation in relation to the same 

soil agro-chemical characteristics. 

Specifically, in order to evaluate the 

relationship between them, each 

agro-chemical factor is related with 

the presence and participation of a 

certain plant species. This results in 

a series of data regarding the 

presence and participation of the 

selected plant species in relation to 

the analyzed soil characteristic. 

Furthermore, the highest score for 

the presence of evaluated species is 

equalized with 100, number to 

which relate the rest of the 

presences of plant species for the 

other lower scores for the same 

agro-chemical factor. The same 

approach is used to evaluate the 

participation of plant species in the 

vegetal layer In relation with the 

agro-chemical factors. 

 The result is an expressive 

chart (eco-diagram) presenting the 

relative dependence of the presence 

and participation of a species in the 

vegetal layer in relation with some 

physical or agro-chemical 

components of the soil. The species 

chosen to represent the ecological 

optimum and indicator species for 

the agrochemical factors in the soil, 

met the following conditions: - they 

are perennial species; 

- share the same management 

conditions (overgrazing with 

sheep); 

- presence over 10% from the total 

floristic surveys (minimum 7 or 

more plots); 

- participation from”+” up to more 

than 3% in the grassy carpet; 

- curve overlapping of maximum 

presence over maximum 

participation at the same value 

range in the distribution chart for 

ecological optimum; 

- presence and participation within 

the same agrochemical value range 

for strict indicator species. 

Following these basic 

criteria for each agrochemical factor 

and value range, the 3 most 

representative species were selected 

in order of their importance. Since 

we did not find indicator species for 

all agrochemical values, several 

species that vegetate within the 

broader limits of factors not 

mentioned in the main table of 

results have been accepted. 
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RESULTS AND DISCUSSION  

 

 First of all we present data 

concerning the minimum, maximum 

and average limits of the physical 

and agrochemical values of the soil 

for Habitat 62C0* and for the 

species Festuca valesiaca, found in 

all 67 surveys compared to the 19 

most important indicator species 

(Table 1). 

 

Table 1  

The physical and chemical analyzes of soils characteristic to the surveys found in the 

Habitat 62C0* Ponto - sarmatic steppes 
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0 1 2 3 4 5 6 7 8 9 10 

0 
Habitat 62 C0* 

(67 st.) 

Min. 50 0.0 5.33 0.0 1.66 0.141 4 99 

Max. 100 49.9 8.32 34.1 15.87 0.708 137 696 

Mean 83.0 6.9 7.06 5.4 6.40 0.338 15 238 

1 

Festuca 

valesiaca 

(67st.) 

Min. 1 0.0 5.33 0.0 1.66 0.141 4 99 

Max. 55 49.9 8.32 34.1 15.87 0.708 137 696 

Mean 22.5 6.9 7.06 5.4 6.40 0.338 15 238 

   % 27,1 100 100 100 100 100 100 100 

2 

Achillea 

pannonica 

(20 st.) 

Min. 1 0 5.42 0 2.37 0.141 5 110 

Max. 20 6.7 8.3 34.1 9.06 0.557 80 696 

Mean 1.22 2.4 6.98 5.2 6.6 0.355 18 338 

   % 1.5 35 99 97 103 105 120 142 

3 

Agropyron 

cristatum 

(7 st.) 

Min. + 0.0 6.01 0.0 2.15 0.162 9 119 

Max. 32 7.8 8.32 33.1 8.77 0.409 13 268 

Mean 8.1 4.3 7.63 13.8 5.43 0.290 11 186 

   % 9.8 62 108 256 85 86 73 78 

4 

Bromus 

hordeaceus 

(6 st.) 

Min. 1 0.0 6.20 0.0 2.15 0.162 9 127 

Max. 5 4.3 8.32 34.1 9.06 0.557 17 453 

Mean 2.7 2.7 7.13 7.0 6.70 0.350 13 287 

   % 3.3 39 101 130 105 104 87 121 

5 

Convolvulus 

cantabricus 

(8 st.) 

Min. 1 2.2 6.54 0 4.74 0.268 5 135 

Max. 15 25.3 8.05 34.1 13.27 0.557 16 376 

Mean 5.88 8.83 7.64 12.26 8.39 0.411 11 241 

   % 7.1 128 108 227 131 122 76 101 

6 

Crataegus 

monogyna 

(17 st.) 

Min. 1 0 5.74 0 3.08 0.18 5 99 

Max. 20 6.7 8.02 28.7 15.87 0.708 17 519 

Mean 1.75 2.9 6.82 3 7.98 0.41 10 255 

   % 2.1 42 97 56 125 121 67 107 
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Table 1 (continuation) 

0 1 2 3 4 5 6 7 8 9 10 

7 

Cynodon  

dactylon 

(25 st.) 

Min. + 0.0 5.42 0.0 2.15 0.141 5 125 

Max. 55 32.8 8.32 20.8 9.06 0.440 137 696 

Mean 12.6 3.1 7.03 3.3 6.30 0.313 23 309 

    % 15.2 45 100 61 98 93 153 130 

8 

Dianthus 

nardiformis 

(10 st.) 

Min. + 4.2 5.73 0.0 5.01 0.240 5 126 

Max. 8 49.9 7.80 1.1 7.87 0.443 27 284 

Mean 4.8 21.0 6.59 0.2 6.10 0.327 12 182 

% 5.8 304 94 4 95 97 81 76 

9 

Eryngium 

campestre  

(52 st.) 

Min. + 0 5.33 0 2.15 0.141 5 99 

Max. 5 49.9 8.28 34.1 13.27 0.592 137 656 

Mean 1.58 7.66 6.89 3.99 6.19 0.333 15 231 

   % 1.9 112 98 74 97 99 100 97 

10 

Euphorbia 

sequeriana 

(16 st.) 

Min. 1 0 6.04 0 2.62 0.141 5 120 

Max. 30 49.9 8.3 33.1 7.87 0.405 137 411 

Mean 7.94 7.44 7.49 7.1 5.14 0.277 19 215 

   % 9.6 108 106 131 80 82 127 90 

11 

Fragaria 

viridis 

(11 st.) 

Min. + 0 6.36 0 3.08 0.18 5 156 

Max. 5 8.9 8.00 9.4 11.37 0.592 42 696 

Mean 2.18 3.04 6.84 1.1 7.08 0.368 13 308 

   % 2.6 44 97 20 111 109 87 129 

12 

Galium 

humifusum 

(16 st.) 

Min. + 0 5.42 0 2.62 0.141 5 127 

Max. 3 6.7 8.3 12.1 9.06 0.424 42 696 

Mean 1.44 2.06 7.2 4.1 5.91 0.299 15 295 

   % 1.7 30 102 76 92 88 100 124 

13 

Herniaria 

glabra 

(15 st.) 

Min. + 0.6 5.42 0 2.37 0.191 5 119 

Max. 3 32.8 8.28 16.9 8.82 0.418 30 329 

Mean 1.47 8.28 6.25 1.2 5.59 0.317 12 174 

   % 1.8 120 89 22 87 94 80 73 

14 

Inula 

ochulus-

christi 

(7 st.) 

Min. 1 1.6 6.15 0 7.58 0.388 6 110 

Max. 4 6.8 8.02 34.10 15.87 0.708 17 519 

Mean 2.57 3.30 7.49 14.21 9.90 0.509 12 308 

   % 3.1 48 106 263 155 151 80 130 

15 

Marrubium 

peregrinum  

(14 st.) 

Min. 1 0 6.54 0 2.37 0.191 5 168 

Max. 8 8.9 8.28 34.1 15.87 0.708 42 696 

Mean 3.57 3.3 7.81 14.5 7.26 0.386 15 338 

   % 4.3 48 111 269 113 114 100 142 

16 

Medicago 

falcata 

(7st.) 

Min. 1 2.1 6.01 0.0 4.77 0.179 7 99 

Max. 5 7.3 8.19 33.1 9.06 0.468 17 268 

Mean 0.27 4.5 7.46 14.0 7.03 0.330 11 183 

   % 0.3 65 106 259 110 98 73 77 

17 

Medicago 

lupulina 

(7st.) 

Min. + 0.0 5.94 0.0 1.66 0.144 4 146 

Max. 4 6.7 8.25 12.1 8.11 0.440 80 541 

Mean 0.15 1.9 7.44 4.5 4.76 0.271 22 300 

   % 0.2 28 105 83 74 80 147 126 
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Table 1 (continuation) 

0 1 2 3 4 5 6 7 8 9 10 

18 

Plantago 

lanceolata 

(23 st.) 

Min. 1 0 5.42 0 2.15 0.162 6 121 

Max. 5 14.5 8.32 20.8 9.06 0.592 137 696 

Mean 0.61 3.2 6.9 3.7 5.93 0.328 19 290 

   % 0.7 46 99 69 93 97 127 122 

19 
Poa bulbosa 

(16 st.) 

Min. 2 0.6 5.42 0.0 2.37 0.191 5 99 

Max. 35 14.5 8.28 16.9 15.87 0.708 42 696 

Mean 6.6 4.4 6.79 1.4 6.85 0.350 13 234 

   % 8.0 64 96 26 107 104 87 98 

20 

Thymus 

zygioides 

(13 st.) 

Min. 1 2.7 5.73 0.0 4.29 0.185 7 120 

Max. 15 39.8 8.06 33.1 13.27 0.443 18 256 

Mean 5.8 12.5 6.99 6.24 7.04 0.343 10 188 

% 7.0 181 99 116 110 101 70 79 

 

The coverage or the 

participation of species from Habitat 

62C0* in the vegetal layer is 83%, 

the rest of 17% being gaps in 

vegetation (area without 

vegetation), from which 6.6% fixed 

or mobile stones and 10.4% bare 

soil caused by overgrazing with 

animals. The participation of 

species in the vegetal layer varies 

starting from 0.2% for Medicago 

lupulina to 27.1% for Festuca 

valesiaca compared to 83% average 

vegetation cover for the evaluated 

habitat type. 

These data can be related 

with a rather large variation of the 

physical and agro-chemical values 

of the soil. 

Thus, the skeleton content 

(2-25 mm) varies from absence up 

to almost 50% of the weight of 

some soil samples. The soil reaction 

(pH) varies from moderate acid 

(5.33) to slightly alkaline (8.32) 

respectively on a gap of 3 units. 

The carbonate content (%) 

ranges from the absence of 

carbonates up to 34.1% respectively 

very high value; the humus (%) 

ranges from low (1.66%) to very 

high (15.87%); total N ranges from 

middle content (0.141% ) to very 

high content (0.708%); PAL (mg / 

kg) ranges from 4 (very low) to 137 

(very high) and KAL fluctuates  from 

110 (low) to 696 (very high). We 

did not present which is the 

ecological optimum for the vegetal 

layer of the studied habitat, thus an 

eco-diagram is presented (figure 2). 

Our diagram shows that both 

Habitat 62C0* and Festuca 

valesiaca species, found in all the 

67 surveys, prefer soils with a very 

low skeletal content (0.1-3%), 

slightly alkaline (pH 7.9- 8.4), low 

carbonate content (less than 1%), 

medium in humus (3.6-8.0%), high 

in total N content (0.271-0.600%), 

low in PAL (9-18 mg / kg ) and high 

KAL content (201-300 mg / kg). In 

order to choose the indicator 

species, in addition to their presence 

according to soil characteristics, the 

participation of species was also 

introduced. As example, the eco 

diagram of the Agropyron cristatum 

species is presented, which prefers 

soils with a lower skeletal content, 

weakly alkaline, medium nitrogen 

content and clearly indicates a low 
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mobile phosphorus content (figure 

3). This species is unresponsive to 

carbonates, humus and mobile 

potassium content. After the 

elaboration of the eco diagrams for 

the main species found in the 

vegetal layer of 62C0* Habitat and 

after analyzing their selection 

conditions, the list of indicator 

species for the ecological optimum 

for the 7 physical and agro-chemical 

factors of the soil is presented (table 

2). 

 

 

 
 

 

 
 

 

 
 

 

 

Figure 2. Habitation dependence 

(.....K %) of the specie Festuca valesiaca 

(67 survey plots) as influenced by soil 

agrochemical characteristics 
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Table 2 

Indicator and ecological optimum species related to soil factors  
Values Species 

1. Conțent in skeleton (2-25 mm) 

- Absent (0 %) Galium humifusum; 

- Very low (0,1-3 %) Medicago lupulina, Achillea pannonica, Marrubium peregrinum; 

- Low (3,1-6 %) Bromus hordeaceus, Agropyron cristatum; 

                                          2. Soil reaction (pH) 

- Low alkaline  (7,3-8,4) Marrubium peregrinum, Agropyron cristatum, Euphorbia 

sequieriana;  

                                         3.  Carbonates (%) 

- Low (< 1%) Dianthus nardiformis, Herniaria glabra, Poa bulbosa ;  

- High (13-25%) Medicago falcata; 

                                         4. Humus content (%) 

- Low (1,6-3,5%) Medicago lupulina; 

- Average (3,6-8%) Herniaria glabra, Plantago lanceolata, Eryngium campestre;  

- High (over 8,1%) Achillea pannonica 

                                         5. Total N (N; %) 

 - Average (0,141-0,270%) Medicago lupulina, Agropyron cristatum ;; 

- High (0,271-0,600%) Convulvulus cantabricus*, Poa bulbosa,  Fragaria viridis;  

 - Very high ( > 0,600%) Inula oculus-christi; 

                                         6. Mobile phosphorus (PAL; mg/kg) 

- Very low (4-8 mg/kg) Medicago lupulina; 

- Low (9-18 mg/kg) Agropyron cristatum*, Bromus hordeaceus*, Crataegus 

monogyina 

                                         7. Mobile potassium (KAL; mg/kg) 

- High (201-300 mg/kg) Thymus zygioides ,Eryngium campestre, Fragaria viridis; 

- Very high ( > 300mg/kg) Cynodon dactylon, Galium humifusum, Plantago lanceolata; 

 

For each value attributed to 

the soil constituents, there are one to 

three indicator plant species for the 

ecological optimum.  

Some species are strictly 

indicators for a range of soil values 

such as Convolvulus cantabricus for 

high total nitrogen content (0.271-

0.600%), Agropyron cristatum and 

Bromus hordeaceus for low mobile 

phosphorus content (9-18 mg / kg). 

For the rest of the species 

mentioned in the previous tables the 

results are quite suggestive.  

However, our results showed 

that for some ranges of values 

correspondent to some soil factors, 

we do not have indicator species 

chosen according to the established 

criteria. 

Thus in addition, the 

following species are characterized 

according to their preference for the 

missing ranges of soil factors found 

in Table 2: 

- Astragalus glaucus and Astragalus 

onobrychis prefer a medium 

skeleton content (6.1-12%) and a 

very high carbonates content (> 

25%); 

- Asperula cynanchica prefers a 

medium skeleton content as well as 

the previous species and a medium 

mobile potassium content (131-200 

mg / kg); 
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- Festuca callieri is found especially 

on weakly acid soils (pH 5.9-6.8) 

without carbonates; 

- Onobrychis viciifolia also prefers 

weakly acid soils with a medium 

mobile potassium content. These 

data concerning the indicator value 

of some species found in the Natural 

Habitat 62C0* Ponto-Sarmatic 

steppes, come in addition to the 

results regarding these species' 

autecology in relation to the 

physical and agro-chemical factors 

of the soil, aspects less studied so 

far. 

 

 
 

 

 
 

 

 
 

 

 

Figure 3. Habitation dependence (.....K %) 

and participation (.....P %) of the specie  

Agropyron cristatum (7 st.) as influenced by 

soil agrochemical characteristics 
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CONCLUSIONS  
 

The studies concerning 

plant-soil relationship from steppe 

grasslands have highlighted 

numerous indicator species for the 

physical and agrochemical values of 

the soil.  

The physical and 

agrochemical properties of the soil 

characteristic to the Habitat 62C0* 

Ponto-Sarmatic steppes are 

extremely different, having a higher 

skeletal content, neutral-weakly 

alkaline soil reaction, high humus 

and total nitrogen content, being 

very low and low in mobile 

phosphorus and medium and high in 

mobile potassium. 

The indicator species for soil 

conditions are useful tools to correct 

some limiting properties for the 

productivity and biodiversity of 

steppe grasslands and to establish 

their integrated management 

measures.
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Abstract 

The floristic composition of grasslands is the mirror of the action of the 

stationary factors and of the applied practical management (maintenance works + 

mode of use). In this paper, 9 pasture areal from ARDS Turda were studied. Following 
this study, 3 types of representative grasslands were identified, specific to the area of 

the Transylvanian Plain, where measures were developed for the maintenance and 

improvement of the identified types of grasslands. We recommend that maintenance and 

use measures be carried out on the studied pasture. 
 

Keywords: semi-natural grasslands, ecological factors, agronomic factors, types of 

grassland. 
 

INTRODUCTION  
 

Globally, natural grassland 
areas are called "green oceans" 

which are of great importance for 
life on Earth and which over time 
have been the subject of many 
publications and discussions in 

various fields (Rotar and Carlier, 
2010; Vîntu et. al 2011). 

The grassland sciences are 
very complex and requires various 

knowledge belonging to the 
different fields with which it 
interaction. The complexity of 
science is given by the structure of 

grassland ecosystems, by the 
relationships that are established 
between their individuals, by the 
flows of energy, substance and 

information, by the changes that 
take place in the sward etc. (Rotar 
and Carlier, 2010; Nicoleta Gârda, 

2010; Păcurar et. al. 2014). 
Grassland are versatile 

ecosystems, generating a diverse 
range of goods and services that are 
useful to humanity. By using 
pastures as the main source of 

animal feed, grasslands offer 
alternatives for making the cheapest 
fodder. This reduces the use of 
arable land and increases the 

amount of food that is directly 
available for human consumption 
from cereals, legumes, etc. 
Grasslands also provide various 

ecosystem services that support the 
environment in which we live. 
These include climate regulation, 
water storage, and the circuit of 

elements in nature, pollination and 
biodiversity (Samuil et. al., 2018).
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MATERIAL AND METHOD 
 

The floristic studies were 

carried out in the perimeter of the 
Turda Research - Development 
Station (ARDS Turda), in the West 
of the Transylvanian Plain. The 

climate of the area is continental, 
and according to the Koppen 
system, it has a formula with 4 
distinct seasons. The average annual 

rainfall is 540 mm, of which 68% 
fall during the vegetation period, the 
rainiest being June, when it falls on 
average 85.3 mm, and the driest is 

February, when it falls on average 
only 22.6 mm. The normal annual 
average temperature over 50 years 
is 8.9˚C, which compared to the 

average value of the period 1915-
1957 of 8.4 ˚C, represents an 
increase of 0.5 ˚C, which is not a 
negligible value and shows the 

global warming trend. 
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- OBF), 
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. 

 
RESULTS AND DISCUSSION  

 

Within ARDS Turda on the 
9 studied grass places, we identified 
3 representative grassland types as 
follows: Festuca rupicola - Festuca 

valesiaca type; Lolium perenne - 
Poa annua type and Festuca 
rupicola- Brachypodium pinnatum 
type. Next, each identified type of 

grassland will be presented. 
The type of grassland 

Festuca rupicola - Festuca 

valesiaca was identified on a plase 
with a medium slope of 35-40%, 
with a V exposure and a general 

coverage of 75%. The grassland is 
used for grazing with sheep. The 
floristic composition of the Festuca 
rupicola type is represented by 62% 

Poaceae, 0.5% Fabaceae, 
Cyperaceae-Juncaceae 5% and 
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10% OBF (other botanical families, 
table 1). Among the Poaceae, in 
addition to the dominant species, 

Festuca valesiaca have a 
participation of 17.5% and Elymus 
elongatus with 12.5% coverage. 
Fabaceae are represented by the 

Medicago lupulina species with 
0.5% cover. The Cyperaceae - 

Juncaceae family is represented by 
Carex humilis with 5% 
participation. The plants from other 

botanical families are represented 
by Euphorbia cyparissias 2.5%, 
Artemisia austriaca 2.5%, and the 
rest of the species having a 

participation only 0.5% in the 
sward. 

 

Table 1 
Floristic composition of the type of grassland Festuca rupicola - Festuca valesiaca  

and specific requirement on ecological, agronomic and anthropogenic  
 (B - BioForm, T - temperature, U - humidity, R - soil reaction, N - nutrition,  

C - tolerance of mowing, P - tolerance of grazing, S - tolerance of crushed,  

VF - fodder value, H - hemeroby, UR - urbanophile, SO - sozological category) 

Ecological factors 

Agronomic 

factors 

Anthropogenic 

factors SPECIES % 

B T U R N C P S VF SO H UR 

H 7 3 8 2 7 7 7 4 n 2 - 3 2 Festuca rupicola Heuff.  29.00 

H 7 2 8 2 7 7 7 4 n 2 - 3 1 
Festuca valesiaca 

Schleich. ex. Gaudin s. l. 
17.5 

GRs 5 4 7 4 3 6 6 5 n 2 - 3 2 
Brachypodium pinnatum 

(L.) P. Beauv. 
0.50 

HT x 5 x 8 7 5 7 6 n 3 - 6 3 Elymus repens/alongatus 12.5 

0 0 0 0 0 0 0 0 0 0 0 0 Bromus commutatus 2.50 

- - - - - - - - - - - - POACEAE 62 

HS 5 4 8 x 7 4 6 8 n 3 - 5 3 Medicago lupulina L. 0.50 

- - - - - - - - - - - - FABACEAE 0,5 

0 0 0 0 0 0 0 0 0 0 0 0 Carex humilis 5.00 

- - - - - - - - - - - - 
CYPERACEAE- 
JUNCACEAE 

5 

ChRs x 4 x 5 7 4 5 6 n 2 - 4 3 Achillea millefolium L. 0.50 

H 7 3 8 4 2 6 1 2 n 4 - 6 3 Artemisia austriaca Jacq. 2.50 

HRs 5 5 7 4 5 2 2 4 n 2 - 3 2 Campanula patula L. 0.50 

TT 7 4 8 4 - - - 1 n 4 - 5 2 Consolida regalis Gray 0.50 

GA 6 x 7 x 4 4 4 5 n 3 - 6 3 Convolvulus arvensis L. 0.50 

H 7 3 8 4 2 4 3 2 n 2 - 4 2 Eryngium campestre L. 0.50 

H X 4 8 X 4 8 7 1 n 2 - 4 2 Euphorbia cyparissias L. 2.50 

0 0 0 0 0 0 0 0 0 0 0 0 Geranium pusillum 0.50 

HR x x x x 7 6 6 6 n 2 - 4 3 Plantago lanceolata L. 0.50 

HR x 4 8 3 5 5 5 4 n 2 - 3 2 Primula veris L. 0.50 

0 0 0 0 0 0 0 0 0 0 0 0 Stachys germanica L. 0.50 

ChLT x 4 5 6 4 4 4 3 n 2 - 3 2 Thymus pulegioides L 0.50 

- - - - - - - - - - - - OBF 10 
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 Following the ecological 

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

(Up = 3.21), neutrophilic (Rp = 
7.95) and oligotrophic (Np = 3.35). 

From an agronomic point of 
view, the phytocenosis of the 

Festuca rupicola - Festuca 
valesiaca type is environmentally 
tolerant to mowing (Cp = 6.57), 
grazing (Pp = 6.46) and crushing 

(Sp = 6.62). 
VF (pastoral value) is 4.21 

which means that the meadow falls 
into the fourth class, the category of 

mediocre meadow and supports a 
load of 0.41-0.60 LU/ha (table 2). 

In the phytocenosis of the 
type Festuca rupicola - Festuca 

valesiaca there are 2 toxic species 
(Euphorbia cyparissias, Consolida 
regalis) with a participation of 3%, 
2 species harmful to animal 

products with a coverage of 3% 
(Eryngium campestre, Artemisia 
austriaca). In the floristic 
composition there is another species 

harmful to the grassland vegetation 
(Thymus pulegioides) with a 
coverage of 0.5%, 4 species of 
ballast with a significant 

participation of 47.5% in the sward 
(Primula veris, Festuca valesiaca, 
Festuca rupicola etc). There are 
also 5 medium forage species with a 

coverage of 14.5% (Convolvulus 
arvensis, Plantago lanceolata, 

Brachypodium pinnatum, etc.), the 

best forage is only 0.5% (Medicago 
lupulina), and the excellent forage is 
missing from the sward (table 2). 

Festuca rupicola - 

Brachypodium pinnatum grassland 
type is placed on a slope with an 
average gradient of 35% -40%, in 
the North. Overall coverage of 

vegetation is 89% and 8% of woody 
vegetation, fallow nests 1-2 % and 
an erosion process of about 5-6%. 
The floristic composition of the type 

of grassland Festuca rupicola - 
Brachypodium pinnatum is 
represented by 47% Poaceae, 17% 
Fabaceae and 32% OBF (other 

botanical families, table 3). 
Among the Poaceae, in 

addition to the dominant species, 
Bromus erectus with 2.5% coverage 

are present in the sward. Regarding 
Fabaceae family some species are 
present with different coverage like: 
Trifolium repens 8%, Lotus 

corniculatus, Trifolium pratense and 
Medicago lupulina with 2.5%; 
Dorycnium herbaceum, Coronilla 
varia and Trifolium montanum with 

0.5% coverage. Plants from other 
botanical families are represented 
by Achillea millefolium, Galium 
verum, Agrimonia eupatoria, Salvia 

pratensis with 5% coverage, 
Plantago lanceolata, Convolvulus 
arvensis, Euphorbia cyparissias and 
Thymus pulegioides with 2.5%, and 

the other species with a coverage of 
only 0, 5%. 
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Table 2 
The ecological and agronomic spectrum of the type of grassland  

Festuca rupicola - Festuca valesiaca 

Ecological  

Indexes 

Ecological spectrum VIMnp 

1 2 3 4 5 6 7 8 9 x VIMp 

Unp 0 1 3 7 2 0 0 0 0 2 3,77 

Up 0 17,5 32 5,5 13 0 0 0 0 1 3,21 

Rnp 0 0 0 0 1 0 3 8 0 3 7,50 

Rp 0 0 0 0 0,5 0 1,5 53,5 0 13,5 7,95 

Nnp 0 2 1 5 1 1 0 1 0 4 4,18 

Np 0 46,5 0,5 4,5 0,5 0,5 0 12,5 0 4 3,35 

Agronomical Agronomical spectrum VIMpn 

Indexes 1 2 3 4 5 6 7 8 9 x VIMp 

Cnp 0 2 1 3 2 0 6 0 0 0 5,07 

Cp 0 3 0,5 3,5 1 0 60,5 0 0 0 6,57 

Pnp 0 1 0 5 2 3 2 1 0 0 5,14 

Pp 0 0,5 0 2,5 13 3,5 46,5 2,5 0 0 6,46 

Snp 1 1 1 1 2 3 3 0 0 0 4,92 

Sp 2,5 0,5 0,5 1 1 1,5 61,5 0 0 0 6,62 

VFnp 2 2 1 4 2 3 0 1 0 0 4,07 

VFp 3 3 0,5 47,5 1 13,5 0 0,5 0 0 4,21 
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) 

 
 Following the ecological 

spectrumum, it is found that the 
phytocenosis of the Festuca 

rupicola - Brachypodium pinnatum 
grassland type is meso-xerophilic 
(Up = 3.67), neutrophilic (Rp = 
7.52) and oligomesotrophic (Np = 

3.70). 
From an agronomic point of 

view, the phytocenosis of the 
Festuca rupicola - Brachypodium 

pinnatum grassland type is medium 
tolerant to mowing (Cp = 5.63), 
grazing (Pp = 5.66) and crushing 
(Sp = 5.62). From the analysis of 

these factors we can say that the 
meadow has a maximum of two 

grazing cycles per year, during 
which the plants are partially 
consumed. 

VF (pastoral value) is 4.80 
which means that the this grassland 
falls into the fourth class, mediocre 
category and supports a load of 

0.41-0.60 LU/ ha (table 4). 
In the phytocenosis of the 

type of grassland Festuca rupicola - 
Brachypodium pinnatum there are 2 

toxic species with 3.5% coverage 
(Euphorbia cyparissias, Coronilla 
varia), 2 species harmful to animal 
products - Eryngium campestre 

(0.5%) and Carduus acanthoides 
(0.5 %).  
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Table 3 
Floristic composition of the type of grassland Festuca rupicola - Brachypodium 

pinnatum and specific requirement on ecological, agronomic and anthropogenic  

(B - BioForm, T - temperature, U - humidity, R - soil reaction, N - nutrition,  

C - tolerance of mowing, P - tolerance of grazing, S - tolerance of crushed, VF - fodder 

value, H - hemeroby, UR - urbanophile, SO - sozological category) 

Ecological factors Agronomic factors 

Anthropogenic 

factors SPECIES % 

B T U R N C P S VF SO H UR 

H 7 3 8 2 7 7 7 4 n 2-3   2 Festuca rupicola Heuff. 29 

GRs 5 4 7 4 3 6 6 5 n 2 - 3 2 
Brachypodium pinnatum 

(L.) P. Beauv. 
12.5 

HT x x x 4 6 5 5 6 n 2 - 4 3 Agrostis capillaris L. 0.5 

HT x x 5 x 7 5 5 4 n 2 - 4 2 
Anthoxanthum odoratum 

L. s. str. 
0.5 

HT 6 5 7 7 6 3 3 8 n 3 - 4 2 Arrhenatherum elatius L. 0.5 

HT 5 3 8 3 5 4 4 6 n 2 - 3 2 Bromus erectus Huds. 2.5 

HT x 5 x 6 8 4 6 9 n 3 - 4 3 Dactylis glomerata L. 0.5 

H 7 2 8 2 7 7 7 4 n 2 - 3 1 
Festuca valesiaca 

Schleich. ex. Gaudin s. l.  
0.5 

TT x 5 x 8 9 9 9 7 n 4 - 6 3 Poa annua L. 0.5 

- - - - - - - - - - - - POACEAE 47 

H 5 4 9 3 3 7 - 1 n 2 - 4 2 Coronilla varia L. 0.5 

ChLT 6 4 9 2 - - - 1 n 2 - 3 1 Dorycnium herbaceum 0.5 

HT x 4 7 4 6 4 4 7 n 2 - 4 3 Lotus corniculatus L. 2.5 

HS 5 4 8 x 7 4 6 8 n 3 - 5 3 Medicago lupulina L. 2,5 

HT x 3 8 2 5 4 4 6 n 2 - 3 1 Trifolium montanum L. 0.5 

HT x x x 6 7 4 4 8 n 3 - 4 2 Trifolium pratense L. 2.5 

ChRs x x x 6 8 8 8 8 n 3 - 5 3 Trifolium repens L. 8 

- - - - - - - - - - - - FABACEAE 17 

ChRs x 4 x 5 7 4 5 6 n 2 - 4 3 Achillea millefolium L. 5 

HRs 6 4 8 4 3 4 3 3 n 2 - 3 2 Agrimonia eupatoria L. 5 

TT 5 3 X 8 3 7 3 2 n 3 - 5 3 Carduus acanthoides L. 0.5 

HT x 5 x 5 8 4 4 4 n 3 - 5 3 
Cerastium holosteoides 

Fr. 
0.5 

GA 6 x 7 x 4 4 4 5 n 3 - 6 3 Convolvulus arvensis L. 2.5 

HRs 6 4 x 4 6 3 4 5 n 3 - 5 3 Daucus carota L. 0.5 

H 7 3 8 4 2 4 3 2 n 2 - 4 2 Eryngium campestre L. 0.5 

H X 4 8 X 4 8 7 1 n 2 - 4 2 Euphorbia cyparissias L. 2.5 

HRs x 8 x 4 3 2 2 3 n 2 - 4 2 Filipendula ulmaria  0.5 

H X 5 X 6 3 4 4 4 n 2 - 3 2 Fragaria vesca L. 0.5 

HT 5 4 7 3 5 4 4 5 n 2 - 3 2 Galium verum L. s. str. 5 

HR x 5 x 5 7 7 7 5 n 3 - 4 3 Leontodon autumnalis L. 0.5 

Phn 6 x 7 x 2 8 9 3 n 2 - 4 2 Ligustrum vulgare L. 0.5 

HRs 5 8 8 8 3 5 4 4 n 3 - 4 2 Mentha longifolia  0.5 

HR x x x x 7 6 6 6 n 2 - 4 3 Plantago lanceolata L. 2.5 
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Ecological factors Agronomic factors 

Anthropogenic 

factors 
SPECIES % 

H X 2 5 1 3 4 4 4 n 2 - 4 2 Potentilla argentea  0.5 

HRs x x x x 6 4 2 4 n 3 - 4 2 Rumex acetosa L. 0.5 

HRs 6 4 8 4 5 3 3 4 n 2 - 3 2 Salvia pratensis L. 5 

HRs x 7 7 6 2 2 2 3 n 2 - 3 2 Stachys germanica 0.5 

ChLT x 4 5 6 4 4 4 3 n 2 - 3 2 
Thymus pulegioides L. s. 

l. 
2.5 

ChRs x 4 2 6 4 4 4 4 n 2 - 3 1 Veronica officinalis L. 0.5 

- - - - - - - - - - - - OBF 32 

In the floristic composition 
there are 5 more species harmful to 

the vegetation of the meadows with 
9% coverage (Agrimonia eupatoria, 
Filipendula ulmaria, Ligustrum 
vulgare, Thymus pulegioides, 

Stachys germanica) and 10 species 
of ballast that have a 38% 

participation in the sward. There are 
also 10 medium forage species with 

a coverage of 32%, the best forages 
species have 14.5% participation, 
and the excellent forages are 
represented by 1 species (Dactylis 

glomerata with 0.5% coverage). 

 
Table 4 

The ecological and agronomic spectrum of the type of grassland 

Festuca rupicola - Brachypodium pinnatum 

Ecological  
Indexes  

Ecological spectrum VIMnp 

1 2 3 4 5 6 7 8 9 x VIMp 

Unp 0 2 5 13 6 0 1 2 0 8 4.28 

Up 0 1 33 42,5 3 0 0,5 1 0 17.5 3.67 

Rnp 0 1 0 0 3 0 7 10 2 14 7,13 

Rp 0 0.5 0 0 3.5 0 24 46,5 1 23 7.52 

Nnp 1 4 3 8 3 7 1 3    0 7 4.60 

Np 0.5 30,5 8 27 6 15 0.5 1.5 0 9,5 3.70 

Agronomical Agronomical spectrum VIMpn 

Indexes 1 2 3 4 5 6 7 8 9 x VIMp 

Cnp 0 3 8 4 4 5 8 3 1 0 5.14 

Cp 0 1 20.5 8 13 4.5 41 9 0.5 0 5.63 

Pnp 0 2 3 17 3 2 5 3 1 0 4.89 

Pp 0 1 6 32 1.5 15 31 11 0.5 0 5.66 

Snp 0 3 5 13 3 4 4 1 2 0 4.74 

Sp 0 1,5 11.5 21 6 16 32.5 8 1 0 5.62 

VFnp 2 2 5 10 5 5 2 4 1 0 4.65 

VFp 3 1 9 38 21 11 3 11,5 0.5 0 4.80 
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) 
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The Lolium perenne - Poa 

annua grassland type is located on a 

slope with 38%, with West exposure 
with an overall coverage of 85% - 
90%. It is used for grazing with 
sheep and it was found that this plot 

was sitting with sheep. The floristic 
composition of the Lolium perenne - 
Poa annua type is represented by 
59.75% Poaceae, 1% Fabaceae and 

33.5% OBF (other botanical 
families, table 5). 

Between the Poaceae, in 
addition to the dominant species, 

Bromus squarrosus and Elymus 
elongatus have 5% coverage. 
Fabaceae are represented by 2 
species, Trifolium repens and 

Trifolium pratense with 0.5% 
coverage. Plants from other 
botanical families are represented 
by Cirsium arvense and Eryngium 

campestre with 8% coverage each, 
and the rest of the species between 
2.5% and 0.5% coverage. 

Following the ecological 

spectrum, it is found that the 
phytocenosis of, Lolium perenne - 
Poa annua grassland type is meso-
xerophilous (Up = 4.58), low 

acidophilic (Rp = 6.81) and 
mesotrophic (Np = 6.69; table 6) 

From an agronomic point of 
view, the phytocenosis of the 

Lolium perenne - Poa annua is 
medium tolerant to mowing (Cp = 
6.47), medium tolerant to grazing 
(Pp = 6.89) and is medium tolerant 

to crushing (Sp = 6.32). From the 
analysis of these factors we can say 

that this grassland has 2-3 grazing 
cycles per year, in which the plants 
are completely consumed in a semi-
intensive system. 

VF (pastoral value) is 5.85 
which means that the grassland falls 
into the 5

th
 class, middle category 

and supports a load of 0.61 - 0.80 

LU/ha (table 6). 
In the phytocenosis of the 

type Lolium perenne - Poa annua 
there are two toxic species 

(Euphorbia cyparissias, Geranium 
pusillum), two species harmful to 
animal products with a total 
coverage of 8.5% (Matricaria 

recutita, Eryngium campestre). In 
the floristic composition there are 
two weak fodder species (harmful to 
the grassland vegetation) with a 

share of 13% (Thymus pulegioides, 
Cirsium arvense). Low forage 
species (ballast) have a 3.5% 
participation in the sward. There are 

also medium forage species with a 
coverage of 14.5% (Urtica dioica, 
Plantago media, Achillea 
millefolium, etc.). The best fodder 

spcies are in proportion of 19% 
(Trifolium repens, Trifolium 
pratense, Poa annua, etc.), and the 
excellent fodder are represented by 

a single species, Lolium perenne 
with a participation of 22.25% in 
the sward (table 6). 
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Table 5 
Floristic composition of the type of grassland Lolium perenne - Poa annua  

and specific requirement on ecological, agronomic and anthropogenic (B - BioForm,  

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

P - tolerance of grazing, S - tolerance of crushed, VF - fodder value, H - hemerobi,  

UR - urbanophile, SO - sozological category) 

Ecological factors Agronomic factors 

Anthropogenic 

factors SPECIES % 
B T U R N C P S VF SO H UR 

HT 5 5 x 7 8 8 8 9 n 3 - 5 3 Lolium perenne L. 22.25 

TT x 5 x 8 9 9 9 7 n 4 - 6 3 Poa annua L. 17.50 

0 0 0 0 0 0 0 0 0 0 0 0 Bromus squarrosus 5.00 

HT x 5 x 8 7 5 7 6 n 3 - 6 3 
Elymus 

repens/alongatus 
5.00 

0 0 0 0 0 0 0 0 0 0 0 0 Setaria glauca 2.50 

0 0 0 0 0 0 0 0 0 0 0 0 Avena fatua 2.50 

- - - - - - - - - - - - POACEAE 59,75 

ChRs x x x 6 8 8 8 8 n 3 - 5 3 Trifolium repens L. 0.50 

HT x x x 6 7 4 4 8 n 3 - 4 2 Trifolium pratense L. 0.50 

- - - - - - - - - - - - FABACEAE 1 

ChRs x 4 x 5 7 4 5 6 n 2 - 4 3 Achillea millefolium L. 5.00 

TRs x x x 7 3 7 6 4 n 4 - 6 3 
Capsella bursa-

pastoris (L.) Med.. 
2.50 

GRs x x x 7 5 7 4 3 n 3 - 6 3 
Cirsium arvense (L.) 

Scop. 
8.00 

GA 6 x 7 x 4 4 4 5 n 3 - 6 3 
Convolvulus arvensis 

L. 
0.50 

HRs 6 4 x 4 6 3 4 5 n 3 - 5 3 Daucus carota L. 0.50 

H 7 3 8 4 2 4 3 2 n 2 - 4 2 
Eryngium campestre 

L. 
8.00 

H X 4 8 X 4 8 7 1 n 2 - 4 2 
Euphorbia cyparissias 

L. 
0.50 

HRs 6 4 x 4 6 3 4 5 n 3 - 5 3 
Galium mollugo L. s. 

str. 
0.50 

TT X X X 7 4 7 2 1 n 3 - 6 3 Geranium pusillum  2.50 

H X 5 X 9 5 7 4 4 n 2 - 4 3 Lamium album L.  0.50 

TT 6 5 5 5 6 8 8 2 n 4 - 6 3 Matricaria recutita L. 0.50 

HR x 4 8 3 4 8 8 5 n 2 - 4 2 Plantago media L. 0.5 

0 0 0 0 0 0 0 0 0 0 0 0 Sinapis arvensis 0.50 

HR x 5 x 6 8 7 7 7 n 3 - 5 3 Taraxacum officinale 0.50 

ChL

T 
x 4 5 6 4 4 4 3 n 2 - 3 2 Thymus pulegioides L 5.00 

HRs x 5 x 6 4 8 2 5 n 3 - 5 3 Urtica dioica L. s. l. 2.50 

HS x 3 5 6 8 7 7 4 n 3 - 5 2 Veronica serpyllifolia. 0.50 

- - - - - - - - - - - - OBF 33,5 
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Table 6 
The ecological and agronomic spectrum of the type of grassland  

Lolium perene-Poa annua 

Ecological  
Indexes 

Ecological spectrum VIMnp 

1 2 3 4 5 6 7 8 9 x VIMp 

Unp 0 0 2 6 7 0 0 0 0 6 4,33 

Up 0 0 8,5 12 48,75 0 0 0 0 14,5 4,58 

Rnp 0 0 0 0 3 0 1 3 0 14 6,57 

Rp 0 0 0 0 6 0 0,5 9 0 68,25 6,81 

Nnp 0 0 1 3 2 6 4 2 1 2 6,00 

Np 0 0 0,5 9 5,5 9,5 35,25 22,5 0,5 1 6,69 

Agronomical Agronomical spectrum VIMpn 

Indexes 1 2 3 4 5 6 7 8 9 x VIMp 

Cnp 0 1 1 6 2 3 3 4 1 0 5,67 

Cp 0 8 2,5 11,5 8,5 1,5 10,5 23,75 17,5 0 6,47 

Pnp 0 0 2 5 1 0 6 6 1 0 6,19 

Pp 0 0 1 19 5 0 14,5 26,75 17,5 0 6,89 

Snp 0 2 1 7 1 1 4 4 1 0 5,48 

Sp 0 5 8 15,5 5 2,5 6,5 23,75 17,5 0 6,32 

VFnp 2 2 2 3 5 2 2 2 1 0 4,76 

VFp 3 8,5 13 3,5 4,5 10 18 1 22,25 0 5,85 
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  
 

Following the study carried 
out on 9 site which belong to ARDS 

Turda’s pasture, there were 
identified 3 different grassland 
types, respectively subtypes, each of 
them having particularities and 

qualitative differences. 
Grasslands from ARDS 

Turda are suitable for grazing with 
animals or some of them can be 
mow. 

 

RECOMANDATION  
 

Following this study, we 

recommend the following: cleaning 
the meadows (early spring); 
cleaning of woody vegetation 
(simultaneously with the mowing 

activity of unconsumed species); 
combating ant-hill; control of toxic 

plants; combating soil erosion 

(respecting general preventive 
measures); mowing unconsumed 
waste (after each grazing cycle); 
organic fertilization (by organic); 

mineral fertilization (60-80 N 30-40 
P 30-40 K). 
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Abstract 

In Romania, grasslands can be seen as a major component of rural 

development, contributing significantly, through goods and services in the socio-

economic sector and environmental protection. However, the grasslands are marked by 

obvious signs of abandonment. In this context, the aim of the paper is to test vegetation 

indices for monitoring abandoned grassland areas in Banat, invaded by the species 

Pteridium aquilinum (L.) Kuhn and Cytisus scoparius. Remote sensing indices were 

applied in the GIS environment, on high spatial resolution aerial images, among them, 

Excess Green Index, having the most relevant results. In the case of the analyzed 

grassland, the values of Excess Green Index show the advanced stage of degradation, 

signaled especially by the presence on large areas of invasive species Cytisus scoparius 

and Pteridium aquilinum (L.) Kuhn, but also of different shrub formations. More than 

50% of the grassland area may not be used for agricultural purposes. 
 

Keywords: Cytisus scoparius, Pteridium aquilinum, monitoring, grassland, remote 

sensing. 
 

INTRODUCTION  
 

In Romania, the grasslands, 

extended on approx. 20% of the 

country's territory and approx. 33% 

of the agricultural area (National 

Institute of Statistics) can be seen as 

a major component of rural 

development contributing 

significantly, through goods and 

services, in the economic sector 

(Durău, 2012; Knowles, 2011), 

social (Garde et al., 2014; Moga et 

al., 2016) and cultural (Bucur, 2014; 

Zanden et al., 2018), closely related 

to traditional management practices 

(Öllerer, 2014; Samfira et al., 

2010). 

Although they can be seen 

as “safe, stable and multifunctional” 

natural resources in relation to their 

products and shape, in some cases, 

grasslands are unjustifiably marked 

by obvious signs of abandonment, 

both agronomically and 

ecologically, a phenomenon often 

encountered in Europe (Hinojosa et 

al., 2016), but also on large areas in 

the hill and mountain area of 

Romanian Banat (Durău, 2014). 

Abandonment of pastures 

often leads to a remarkable damage 

of them (Cervasio et al., 2016), by 

decreasing biodiversity (Bostan et 

al., 2017), reduction of forage 

species and a greater abundance of 

pollen-supplying species (Csergő et 

al., 2013), but one of the "shrill" 

signals of the presence of the 

phenomenon, cause and effect, is 
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the spread of the invasive 

herbaceous species Pteridium 

aquilinum (L.) Kuhn and woody 

species Cytisus scoparius, with 

large area extension and "sprawling 

behavior", compared to other 

species in the grassland vegetation.  

Pteridium aquilinum (L.) 

Kuhn, widespread in the hilly areas 

of Banat (southwestern Romania), is 

the economically inefficient 

invasive species (Cojocariu et al., 

2016), with rapid “spatio-temporal” 

evolution (Ponzetta, 2010) and 

which reduces the usable area of 

grasslands and implicitly their 

production.  

Scotch broom, Cytisus 

scoparius (L.) Link (Fabaceae), is 

native to most of Europe 

(Rosenmeier et al., 2013), later 

being introduced to other parts of 

the world, including Africa, 

America and Australia (Potter, 

2009), especially in areas with 

temperate climates. The distribution 

of the species is less documented in 

Eastern Europe and implicitly 

Romania. The species Cytisus 

scoparius has an aggressive 

invasive character; it multiplies both 

vegetatively and generatively by 

seeds; a mature plant can form over 

30,000 seeds per plant that remain 

viable in the soil for about 30 years 

(Graves et al., 2010) and fire does 

not destroy their germination 

capacity (Srinivasan et al., 2007); 

the plants regenerate quickly after 

pruning. Shrubs spread quickly in 

open areas and often invade 

abandoned grasslands, forming 

dense, impenetrable stands (Kang et 

al., 2007; Potter et al., 2009). 

Therefore, invasive species, 

although they give a polychrome 

aspect to the pastoral landscape, 

they become, by their destructive 

nature, "enemies assumed" in 

unison by the members of the 

scientific communities (Sărăţeanu et 

al., 2008; Sărăţeanu, 2010). As a 

result, solutions and methods for 

combating and / or eradicating them 

have been and are being improved, 

as efficient, fast and non-destructive 

as possible for the plants in their 

vicinity.  

As part of the management 

process of abandoned pastures and 

implicitly of invasive species, it can 

be considered the stage of 

identification and mapping of the 

areas occupied by them. Given that 

biological and pratological studies 

are largely punctual, it is justified to 

supplement the studies with 

"spatial" methods and means, 

capable of analyzing large areas, 

"remotely", with a minimum of time 

and effort, in the field, in this 

context, being about the specific 

techniques of remote sensing. 

One of the fundamental 

principles in remote sensing and 

spectral science is the ability to 

measure electromagnetic energy at 

different wavelengths and different 

environments. The physical 

characteristics of the investigated 

material induce a different, unique 

spectral behavior, which makes it 

possible to identify it, by specific 

methods and means (Gareth, 1999; 

Mather, 2014). Therefore, similar to 

the signature of each individual, 

graphic element by which it is 

identified, objects and phenomena, 
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depending on the spectral behavior, 

can be identified by the spectral 

signature. 

The first researchers 

interested in the spectral properties 

of plants were Willstatter and Stoll, 

around 1913 (Mróz and Sobieraj, 

2004). Subsequently, through 

numerous scientific researches, 

experts in the field have discovered 

how combinations of measured 

spectral properties reveal specific 

characteristics of vegetation. Thus, 

over 150 vegetation indices were 

"built" in this way, with additional 

indices, the process being 

continuously improved. 

Given that spectral bands in 

the near-infrared range are involved 

in the calculation of vegetation 

indices, the use of images that do 

not have them involved the 

abandonment of the operation. To 

remove this disadvantage, a series 

of vegetation indices and 

"agricultural indices" have been 

created that can be determined 

based on RGB images, so with 

spectral bands only in the visible 

range (Meyer and Neto, 2008; 

Montalvo et al, 2013; Romeo et al, 

2013).  

Woebbecke et al. (1995) 

proposes the Excess Green Index, 

useful in plant regionalization. 

The disadvantage of this method 

of analysis is that the "bright" soil 

or the pixels with high saturation 

in green can be the generators of 

errors in the analysis result (Yang 

et al., 2015). 

In the year 2004, Neto et 

al., quoted by Yang et al., (2015), 

proposes Excess green minus 

excess red. As in the previous case, 

the "green" content of the vegetation 

changes the values of the index 

Excess green minus excess red: they 

are maximum at a maximum 

chlorophyll content and decrease in 

proportion to the quantitative 

reduction of the respective pigment. 

Kataoka et al., (2003), 

starting from the analysis of the 

intensity in the RGB images, 

formulates Color index of 

vegetation extraction (CIVE) in 

order to improve the "green 

information" in the images, and 

Marchant and Onyango, (2002) 

propose Vegetative index (VEG) 

which differentiates the vegetal 

formations from the pedological 

cover. Subsequently, in 2006, 

Hague and colleagues used this 

method in vegetation assessment 

studies (Romeo et al., 2013). 

Guijaro et al., (2011) "combine" 

several vegetation indices, also 

obtaining detailed relationships 

and images of the vegetation cover 

(Yang et al., 2015). 

As mentioned before, the 

literature presents numerous 

vegetation indices that highlight 

different aspects of geographical, 

natural or anthropic space, but their 

suitability in the pastoral space can 

be demonstrated only by testing, 

given the particular situations and 

complexity of vegetation. In this 

context, the paper aims to test 

established vegetation indices, 

applied to aerial images, to monitor 

abandoned grassland areas in Banat, 

invaded by the species Pteridium 

aquilinum (L.) Kuhn and Cytisus 

scoparius.
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MATERIAL AND METHOD 
 

In the elaboration of the 

present study, the methodology 

described in figure 1 was followed. 

Study area. In choosing the 

study area, two aspects were taken 

into account: the existence of an 

informational support resulting from 

previous own research and the 

location of the pasture in an area 

with a great biological diversity but 

with obvious features of under-

exploitation, abandonment. 

The analyzed area, 

respectively the grassland area 

considered in this study, is located 

in Caraş-Severin County, in the 

administrative-territorial unit (ATU) 

Brebu, on a surface of 251.50 ha 

(figure 2). 

 

 
Figure 1. Working methodology  

 

 
Figure 2. Location of the study area 

(processing after OCPI, European Environment Agency, www.geospatial.org) 
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From the point of view of 

vegetation, the territory belongs to 

the sky level – The oak sublevel - 

As. Quercetum farnetto-ceris 

(Rudski, 1949, quoted by Doniţă et 

al., 2005). The woody vegetation is 

well represented by massive forests, 

predominated by Quercus species: 

Quercus robur, Q. petraea (sessile 

oak), Q. cerris (Turkey oak), Q. 

frainetto (Hungarian oak), beside 

Carpinus betulus (hornbeam), Alnus 

glutinosa (black alder), Corylus 

avellana (hazel), etc., and in the 

higher areas beech is also present 

(Fagus sylvatica). The analyzed 

grassland is characterized by 

altitudes between 241-404 m and 

the slope inclination between 0-23°, 

respectively 0-43%, this being 

located in the hilly area of Banat. 

Location of test areas. In 

order to support the opportunity to 

use vegetation indices considered in 

the pratological studies, test areas 

were placed in the field to validate 

the results. 

Each observation point was 

marked with GPS coordinates. In 

the test areas, the targeted aspects 

were determined, included in five 

categories of interest: clean 

grassland, areas covered with 

Pteridium aquilinum (L.) Kuhn, 

areas covered with Cytisus 

scoparius, shrubs and other 

surfaces.  

During the numerous field 

visits, we had discussions with the 

inhabitants of the commune to 

identify the reasons for abandoning 

this area of grasslands. 

 

 

Data processing (aerial 

images) and comparative analysis.  

Considering the fact that the 

vegetation studies in the field are 

punctual, for the spatialization of 

the information and the filling of the 

informational “gaps”, five 

vegetation indices were selected, 

their determination being based on 

the orthophotoplan from the area of 

interest. 

Calculation methodology is 

that described by Romeo et al. 

(2013): the image used 

(orthophotoplan RGB) is 

normalized according to the 

relations (1) and (2) (table 1); four 

vegetation indices are calculated, 

based on the relationships (3), (4), 

(5) and (6), and subsequently, the 

resulting indices are combined 

according to the relation (7) (table 

2). 

The five vegetation indices 

were analyzed in order to establish 

the "suitability" of each in the 

specific conditions of the area of 

interest, thus being designated the 

"optimal index". 

In the analysis, value ranges 

were established for the five 

categories: areas used as grassland 

(roads, trees, gaps, etc.), "clean" 

grassland, areas covered by the 

invasive grass species Pteridium 

aquilinum (L.) Kuhn, areas covered 

by the invasive wood species 

Cytisus scoparius and the category 

"shrubs", in which we included all 

species of shrubs (except Cytisus 

scoparius shrubs) and young shoots 

from woody species as a result of a 

long lack of maintenance work, the 

grassland not being grazed or 
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mowed.  

The percentage estimates 

made in the field were statistically 

compared with the results obtained 

by processing the vegetation index, 

thus testing the efficiency and 

compliance of that index.  

 
Table 1 

Normalization of the RGB image (orthophotoplan in the study area)  

(Gée et al., 2008, Romeo et al., 2013) 

 

 

 
Relation (1) 

Where: R, G, B are the three normalized 

component bands, ranging from 0 to 1 and are 
obtained as follows: 

 

 
 

Relation (2) 
Where Rmax = Gmax = Bmax = 255 for 24-

bit color images. 

 r  R0 

 

 g  G0 

 b  B0 

 
Table 2 

Calculation of vegetation indices 
Vegetation indices  Calculation formulas  

Excess green (Ribeiro, Fernández-

Quintanilla, Barroso, & García-

Alegre, 2005; Woebbecke, Meyer, 

von Bargen, & Mortensen, 1995, 

quoted by Romeo et al., 2013) 

 
Relation (3) 

Excess green minus excess red 
(Neto, 2004, quoted by Romeo et 

al., 2013) 

 
Relation (4) 

Color index of vegetation 

extraction (Kataoka, Kaneko, 

Okamoto, & Hata, 2003, quoted by 

Romeo et al, 2013) 

 
Relation (5) 

Vegetative index (Hague, Tillet and 

Wheeler (2006, quoted by Romeo 

et al., 2013): 

 
Relation (6) 

where, a = 0,667, value established following the researches of 

the cited author. 

Combination of indices – Guijarro 

et al. (2011), quoted by Romeo et 

al., 2013 

 
Relation (7) 

where wExG, wCIVE and wVEG are weights for each index, 

representing the relative importance of the index. Guijarro et al. 

(2011) provide the values for the four weights participating in 

the combination, which are the following: wExG = 0.25, 

wExGR = 0.30wCIVE = 0.33 and wVEG = 0.12. 
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The Cluster Analysis was 

performed based on Paired Group 

Algorithm and Correlation 

Similarity Measure. Method of 

relative differences (https://www. 

expii.com/t/what-is-relative-

difference-4251). 

Absolute deviation = 

Calculated Value – Predicted Value. 

Statistical analysis was 

performed using the statistical 

software program PAST version 

2.17 

 

 

AA =     Relation (8)* 

*https://stats.mom.gov.sg/SL/Pages/Absolute-vs-Relative-Change-Concepts-and-Definitions.aspx 

 

The final stage. The result 

obtained, materialized by the land 

cover map, is exploited for two 

major purposes: the calculation and 

location of the areas related to each 

category of land use and as a 

support in the evaluation of the two 

invasive species identified. 

Used materials: 

- documents, cadastral maps 

in analog format (at a scale of 1: 

10000) and digital (.dwg.) taken 

from the archive of the town hall of 

Brebu commune, necessary for the 

identification and delimitation of the 

grassland areas; 

- thematic maps (limit of 

administrative-territorial units of 

Romania, limit of physical-

geographical units), graphic data 

created by the National Agency for 

Cadastre and Real Estate 

Advertising, published on the 

INSPIRE Geoportal of Romania and 

on the Open Data Portal of the 

Romanian Government, available 

free of charge on the website; 

- Digital Elevation Model (DEM) 

with spatial resolution at 25 m, 

Produced using Copernicus data and 

information funded by the European 

Union - EU-DEM layers; owned by 

the Directorate - General for 

Enterprise and Industry (DG-

ENTR) and the European 

Commission, owned by the 

European Environment Agency 

(EEA), available on the website;  

- the orthophotoplan with the spatial 

resolution of 0.5 m taken from the 

Archive of the Office of Cadastre 

and Real Estate Advertising Timiş. 

The softwares used for 

preprocessing, processing and data 

analysis were Idrisi Selva, ArcGIS 

10.2.1 and AutoCADMap 3D 2012. 
 

RESULTS AND DISCUSSION  

 

In Romania, in recent years, 

there has been a gradual 

abandonment of hill and mountain 

grasslands (Török - Oance R and 

Török - Oance M, 2012),  which led 

to changes in the coverage of these 

lands, observed mainly near the 

upper limit of the forest. This 

situation is also found in the case of 

the study area, where the analysis of 

cartographic materials, but 

especially the "visits" in the field, 

show, on the one hand, biological 

diversity, on the surface of the 
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grassland considered to be present, 

from small species of the grassy 

carpet to the trees, and on the other 

hand, the soil not covered by 

vegetation, roads and "gaps" inside 

the vegetation formations, shaded 

by an accentuated abandonment 

phenomenon, signaled at first sight 

by the excessive presence of 

invasive species Pteridium 

aquilinum (L.) Kuhn and Cytisus 

scoparius. 
 

Selection and validation of the best index for grassland analysis 

Being an inhomogeneous 

area in terms of phyto-ecology, but 

also in terms of land use, field 

studies, on a one-off basis, can be 

completed and replaced, with 

automated methods, "remotely" 

(Cojocariu et al, 2017; Dusseux et 

al, 2014; Kuzucu and Balcik, 2017; 

Tiwari et al, 2017; Ustuner et al., 

2014). In this context, the 

vegetation indices are suitable to be 

used (Meyer and Neto, 2008; 

Romeo et al, 2013), indices based 

on the principle that plants have a 

much higher "green" content 

compared to the soil or other 

components of the environment. 

Field determinations attest 

the inhomogeneity of the 

vegetation. Thus, the areas with 

specific grassland vegetation have 

been reduced in favor of large, 

compact fern areas (Pteridium 

aquilinum L. Kuhn). Other surfaces 

have been replaced by isolated trees 

and shrubs in clumps. The invasive 

character of the shrub species 

Cytisus scoparius (Parker, 2000) 

implies a dramatic increase in the 

analyzed grassland. 

Following the computerized 

testing of the vegetation indices 

determined for the considered 

grassland, the best result was 

obtained in the case of Excess 

Green Index (figure 3), so that we 

selected it in order to achieve the 

proposed purpose, respectively 

identification of the invasive 

species, both as presence and as 

distribution in relation to other 

species.  

In the study area, the values 

of the Excess Green Index (EXG) 

range between -1, in the case of 

areas not covered by vegetation, and 

2, where the vegetation is 

"excessively green" (figure 3). 

To identify the land use 

categories and implicitly the 

different plant species, especially 

the two invasive species, the EXG 

values were grouped, according to 

the number of classes previously 

established. Initially, the assignment 

of values to different classes was 

done by visual analysis and based 

on data from previous studies. 

Subsequently, by processing the 

data obtained from the field, the 

“real” values were adjusted, 

corresponding to each element 

followed. 

In the validation of the 

results obtained by the EXG 

calculation, the data collected from 

the field, from the test areas, had a 

significant weight, but also by the 

“visual” and imagistic estimates, on 

the entire area of interest. Based on 

them, for each subzone was 

determined the share of each land 
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use category and the invasive 

vegetation composed of the two 

targeted species. A similar 

procedure was applied to the EXG 

image, by reclassification and 

raster-vector conversion being 

possible the calculation of the 

surfaces and percentages belonging 

to each analyzed component, in 

each subzone. 

The degree of similarity/ 

correlation between the two data 

types was established by cluster 

analysis (figure 4). 

 
Figure. 3 Excess Green Index values in the grassland analyzed  

(processing after OCPI) 

 

 
Legend: G – Grassland, OS – Other Surfaces, B –Bushes, F – Pteridium aquilinum (L.) Kuhn, 

CY – Cytisus scoparius, C- Calculated, E - Estimated 

Figure. 4 Comparative analysis estimated values (land) - calculated values (EXG) 
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A correlation coefficient of 

0.9091 was established between the 

data collected from the field and the 

calculations performed on the basis 

of EXG, which suggests minor 

differences and therefore validates 

the possibility of using EXG values 

in this type of analysis.  

 After validating the EXG 

results and finalizing the variation 

intervals, the overall picture was 

outlined: the area of interest was 

represented per land use categories, 

in the case of vegetation formations 

being identified the "target species", 

respectively Cytisus scoparius and 

Pteridium aquilinum (L.) Kuhn 

(figure 5).  
 

 
Figure. 5 Distribution of vegetation formations and land use categories  

according to the Excess Green Index values 

 

Vegetation formations and land use categories 

It was shown that the useful 

area of the analyzed grassland 

amounts to 119.42 ha, respectively 

47.48% of the total area (Figure 5). 

Of the total surface of the 

grassland, 39.25% is covered by the 

species Pteridium aquilinum (L.) 

Kuhn, and 9.17% belongs to the 

shrub species Cytisus scoparius, 

both being formations with a strong 

invasive character. 

The vegetal cover of the 

analyzed grassland surfaces is 

dominated by mesoxerophilous 

species with associations of Agrostis 

tenuis and Festuca valesiaca, 

dominant, and locally islands of 

Chrysopogon gryllus, Poa pratensis 

and Botriochloa ischaemum. In 

relation to the types of dominant 
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grasslands, there are other facies or 

groups of associations on smaller 

areas built of mesophilic and 

mesoxerophilic or 

mesohygrophilous species, 

characteristic of forest-steppe areas: 

Lotus corniculatus, Medicago 

falcata, Onobrychis arenaria, 

Trifolium campestre, Coronilla 

varia, Dorycnium herbaceum, 

Achillea millefolium, Galium verum, 

Euphorbia cyparissias, Thymus 

marschallianus, Potentilla argentea, 

Daucus carota, Centaurea 

micranthos, Leontodon autumnalis, 

Chrysanthemum leucantheum, 

Asperula cynanchica, Scabiosa 

ochroleuca, Rhinanthus glaber, 

Carex distans, Cichorium intybus, 

Carduus acanthoides, Eryngium 

campestre, Cirsium vulgare, 

Carduus nutans, Hieracium 

pilosella, Gypsophila muralis, 

Plantago lanceolata, Sanquisorba 

minor, Prunella grandiflora, Juncus 

conglomeratus, Juncus effusus, 

Luzula campestris. 

As a consequence of the 

abandonment of grasslands, the fern 

covers an area of 98.73 ha of the 

total grassland area (figure 5). 

Pteridium aquilinum (L.) Kuhn 

forms a belt at the edge of the 

forest, capitalizing on acid and 

humid soils (Cox et al., 2008). In 

the analyzed grassland, the fern 

creates a dense, compact cover in 

which no other species appear; 

maybe only in the marginal areas 

that it has not yet managed to 

"master". The idea is supported in 

other papers that report that leaves 

and rhizomes prevent seed 

germination and other plant growth 

(Ngubane et al., 2014). 

Due to the fact that the fern 

is not consumed by animals, and it 

even causes their poisoning 

(Senyanzobe et al, 2016) and 

because the explosive growth leads 

to the reduction of native species, 

most of the works in the field refer 

to eradication solutions: herbicide 

and repeated mowing, followed by 

sowing with species of the grassland 

flora in the restored areas (Cervasio 

et al., 2016). In this case, an 

inventory of its distribution is 

particularly useful in order to 

intervene. 

In the open grasslands, in 

addition to shoots or shrubs 

remaining to the deforested wood 

species, there are also shrubs: 

Crataegus monogyna (hawthorn), 

Rubus ssp. (blackberry), Rosa ssp. 

(dog-rose), Prunus spinosa 

(blackthorn), Ligustrum vulgare 

(wild privet), Cornus sanguinea 

(dogwood), Sambucus nigra, spread 

in clusters or isolated individuals 

and invading the grassland in a 

proportion of 2.79% of the total.  

In the analyzed grassland, 

there is also an exaggerated spread 

of the shrub species Cytisus 

scoparius (figure 5). It is found in 

the form of isolated individuals, 

gathered as bouquets, but the dense, 

closed surfaces are worrying. The 

species lives on plateaus, but also 

on sunny slopes and as such does 

not compete with the fern. Mature 

plants are 2 - 3.5 m tall, have a long 

perennity and bloom in spring, in 

May and June. Madhusudan P. 

Srinivasan (2011) reports that age 
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was positively correlated with plant 

circumference and height in Cytisus 

scoparius. Studies on the growth 

and development of the species 

Cytisus scoparius have been 

developed also in other works 

(Paynter et al, 2003; Sheppardet et 

al, 2002) in order to monitor and 

control the species, but without 

approaching their distribution in 

abandoned grasslands and the 

negative impact on pastoral 

agriculture. 

 
Implications of abandonment. Causes 

Grassland degradation, a 

complex concept that involves 

physical changes in pedological 

conditions, biodiversity and 

productivity, has both socio-

economic implications, compared to 

the initial state of reference 

(Andrade et al., 2015). 

In the grassland considered a 

case study, abandonment began in 

the early 1990s, with the change of 

political regime, from communism 

to capitalism.  

The abandonment of this 

grassland surface cannot be 

attributed to the orographic and/or 

climatic factors, or to the lack of 

infrastructure. In this case, the 

human component is responsible, 

with direct implications in the 

degradation of grasslands, by the 

depopulation phenomenon, specific 

to the Western area of Romania, 

defined, on the one hand, by the 

negative natural demographic 

balance, and on the other hand, by 

ample migratory phenomena 

(Raboca H and Raboca N, 2014; 

National Institute of Statistics).  

According to the inhabitants 

of the area, another "local" cause of 

grassland degradation, generally in 

Caraş-Severin County and in 

particular, in the study area, is their 

"immediate economic 

undervaluation": the active 

population commutes or migrates to 

the poles of attraction of the area, 

considering the agricultural 

activities as unprofitable or with 

insufficient incomes. 

Thus, after the cessation of 

agro-pastoral practices, in the 

analyzed grassland, there is a 

tendency of vegetation succession, 

the specialized plant species tending 

to disappear in favor of the most 

competitive ones, the invasive 

species causing grassland 

degradation.  

In the last 30 years, by the 

unhindered increase in the density 

and height of the bushes of Cytisus 

scoparius and Pteridium aquilinum 

(L.) Kuhn, the native grassland 

vegetation had no chance in the 

"fight" for light and food. In the 

absence of minimal cleaning work, 

non-use with animals, the area 

usable as grassland has been 

significantly reduced. As such, the 

cessation of traditional grassland 

management has led to the 

widespread spread of the two 

invasive species, Pteridium 

aquilinum (L.) Kuhn and Cytisus 

scoparius, in addition to other 

species of trees, shrubs and shoots 
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CONCLUSIONS  
 

The result obtained by 

applying vegetation indices may 

be affected, in some cases, by 

meteorological conditions, given 

that the images are taken from 

open spaces. Also, the stage of 

plant development, nutritional 

deficiency or soil in different 

colors, etc., always complicates 

the correct interpretation of the 

results of these methods based on 

indices from the visible spectral 

range. However, compared to 

other vegetation indices tested, the 

use of Excess Green Index values 

in the analysis of vegetation 

formations and land use had 

optimal results, confirmed by the 

comparison between the data 

collected in the field, and can be 

used successfully in future studies. 

In the case of the analyzed 

grassland, the values of Excess 

Green Index show the advanced 

stage of its degradation, signaled 

especially by the presence on 

extensive areas of the invasive 

species Cytisus scoparius and 

Pteridium aquilinum (L.) Kuhn, but 

also of different shrub formations. 

In this context, more than 50% of 

the grassland area cannot be used 

for agricultural purposes. 

The use of remote sensing 

methods and techniques, in our 

particular case - of vegetation 

indices, in pratological research 

gives at least three major 

advantages: significant reduction of 

the field stage by automated 

estimates, spatialization of scientific 

data and information, which allows 

processing with other cartographic 

and statistical data and their 

completion, but also the possibility 

to visualize the results, including for 

the “unseen” areas in the field. 
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Abstract 

The permanent grasslands from North Oltenia are located in the subcarpathian 

area of Oltenia on heights between 300-600 m (Vâlcii, Oltețului and Gorjului), at the 

edge with  Piemontul Getic on heights until 1.800 - 2.300 m in the Mountains 

Căpățânii, Lotrului, Parâng, Vâlcan and Godeanu – between the rivers Olt and Motru. 

On this altitudinal amplitude of about 2.000 m, there is an extremely varied secondary 

and primary vegetation of permanent grasslands, very rich in species, which has been 

studied over the years, in particular by researchers from the University of Craiova, the 

Faculty of Agronomy. The present paper aims to evaluate the productivity of these 

grassland phytocenosis (from hilly, subalpine and alpine regions), based on the floristic 

releve. Other parameters like the optimal loading with grazing animals during the 

grazing season, the productivity and the duration of optimum season were calculated. 

From top ten most spread phytosociologycal alliances, the highest productivity was 

found in Agrostion stoloniferae and Cynosurion cristati, which recorded an average 

until good pastoral value (54,7 - 72,8), good useful production of fresh fodder (9,4 - 

14,1 t/ha)  and good loading with grazing animals (1,21 - 1,36 livestock units LU/ha). 

The lowest values were recorded in Thero - Airion, Phleo - Deschampsion caespitose, 

Potentillo - Nardion and Cetrario - Loiselleurion alliances, where the pastoral value 

was degraded until poor, the production and the loading with grazing animals was 

weak - with values between 0,1 and 0,6 LU/ha. These economic analysis made on 

grassland vegetation are useful for pastoral arrangements, for a proper grassland 

management as well as for biodiversity, environment and landscape conservation. 

 

Keywords: permanent grassland, pastoral value, grass production, loading with grazing 

animals.  

 
INTRODUCTION 

 

For a rational management 

of permanent grassland one needs to 

know the floristic composition 

followed by assessment of forage 

productivity and quality. If for 

determining the floristic 

composition minimum of systematic 

botanic, floristic releve and 

vegetation characterization 

knowledge are required, the 

assessment of grassland 

productivity and quality involves 

protected areas, grass harvest, 

laboratory analysis and other 

actions, more expensive and 

difficult to be undertaken. Our 
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scientific literature contains many 

data regarding grassland vegetation 

which have been investigated by 

geobotanists after Unitarian 

methods from The Floristic School 

from Zűrich – Montpellier. These 

researches stop at the classification, 

spread in different stationer 

conditions (altitude, exposition, 

inclination etc.) with the biological 

and phytogeographical spectra of 

the component species and maybe 

containing also information 

regarding phytocenosis synecology 

for moisture, temperature, soil 

reaction, trophicity and other factors 

(Kovacs, 1979; Păcurar and Rotar, 

2014).  

These data could be use 

further for productivity assessments 

of these phytocenosis, namely for 

pastoral value and forage phytomass 

productivity (Marușca, 2019). 

Having forage productivity 

and quality indices we can calculate 

the optimal loading with grazing 

animals and other practical aspects 

required for an adequate 

management of this important 

agricultural system.  

The first applications of the 

new method of evaluating the 

productivity of meadows based on 

floristic releve with data from the 

Măcin Mountains, highlighted its 

validity and opportunity for 

establishing the animal loading, 

conservation of biodiversity, 

environment and pastoral 

landscapes (Marușca, 2019). 

 
MATERIAL AND METHOD 

 

For the present application 

of the new method of evaluating 

grassland productivity, the paper 

entitled “Permanent grasslands from 

North Oltenia” was chosen, having 

300 pages and written under the 

coordination of Prof. dr. Ioanin 

Ionescu with Chap. 4: ”Grassland 

vegetation”, authors: Prof. dr. 

Gheorghe Popescu, As. Iulian 

Costache, As. Daniel Răduțoiu and 

Gheorghe Gămăneci, published in 

the year 2001 by the Printhouse 

”Universitaria”, Craiova. This 

example was chosen for the 

exceptional diversity of 

phytocenosis spread over an 

amplitude of about 2.000 m, from 

the hills to the alpine floor. 

Following coenotaxons were 

considered (the most important 

coenotaxons for permanent 

grasslands):

 

 

HILLY GRASSLANDS 

 

Cl. MOLINIO – JUNCETEA Br.-Bl. (1949) 1951 

 Ord. MOLINIETALIA W. Koch 1926 

  Al. Agrostion stoloniferae Soó (1933) 1940 

Cl. ARRHENATHERETEA Br.-Bl. 1947 

 Ord. ARRHENATHERETALIA Pawl. 1928 

  Al. Cynosurion cristati Tx. 1947 em. Jurko 1969 

Cl. FESTUCO – BROMETEA Br.-Bl. 1943 
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 Ord. FESTUCETALIA VALESIACAE Br.-Bl. et Tx. 1943 

  Al. Festucion rupicolae Soó 1964 

Cl. SEDO – SCLERANTHETEA Br-Bl 1955 em. Moraveč 1967 

 Ord. SEDO – SCLERANTHETALIA Br-Bl 1955 

  Al. Thero – Airion Oberd. 1957 

Cl. CHENOPODIETEA Br-Bl 1951 

 Ord. CHENOPIDIETALIA ALBI Tx., Lohm. et Prsg. 1950 

  Al. Sisymbrion officinalis Tx., Lohm. et Prsg. 1950 

Cl. PHRAGMITETEA Tx. et Prsg. 1942 

Ord. PHRAGMITETALIA EUROSIBIRICAE (W. Koch 1926) Tx. et Prsg. 1942 

  Al. Bolboschoenion maritimi Soó 1957 

   

MOUNTAIN GRASSLANDS 

 

Cl. ARRHENATHERETEA Br.-Bl. 1947 

 Ord. ARRHENATHERETALIA Pawl. 1928 

  Al. Cynosurion cristati Tx. 1943 em. Jurko 1969 

Cl. BETULO – ADENOSTYLETEA Br.-Bl. 1948 

 Ord. ADENOSTYLETALIA Br.-Bl. 1931 

  Al. Rumicion alpini (Rübel) Klika 1939 

Cl. SCHEUCHZERIO – CARICETEA NIGRAE (FUSCAE), Nordh. 1936 

 Ord. SCHEUCHZERIO – CARICETALIA NIGRAE (FUSCAE) (W. Koch 1926) 

Müller et Görs ex Oberd. 1967 

  Al. Caricion canescenti – nigrae (fuscae) (Rübel) Klika 1939, (W. 

Koch 1926) Nordh. 1936 

 Ord. TOFIELDETALIA Prsg. ap. Oberd. 1949 

  Al. Caricion davallianae Klika 1934 

   

SUBALPINE GRASSLANDS 

 

Cl. JUNCETEA TRIFIDI Hadač in Klika et Hadač 1944 

 Ord. CARICETALIA - CURVULAE Br.-Bl. in Jenny 1926 em. Krajina 1933 

  Al. Potentillo (ternatae) – Nardion Simon 1957 

Cl. ELYNO – SESLERIETEA Br.-Bl. 1948 

 Ord. SESLERIETALIA CAERULEAE Br.-Bl. 1926 

  Al. Seslerion bielzii Pawl. 1925 em. A. Nyár 1967 

 

ALPINE GRASSLANDS 

 

Cl. JUNCETEA TRIFIDI Hadač in Klika et Hadač 1944 

 Ord. CARICETALIA CURVULAE Br.-Bl. in Jenny 1926 em. Krajina 1933 

  Al. Caricion curvulae Br.-Bl. 1925 

  Al. Cetrario – Loiselleurion Br.-Bl. et Siss. 1939. 

 

Two less economically 

important alliances were not taken 

into consideration from the 

reference paper mention above: 
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Sisymbrion officinalis, vegetation of 

flattened ravines from hilly area and 

Rumicion alpini, vegetation of 

heavily eutrophic folds, without 

fodder species, in the mountain 

area, for which no synthetic releve 

have been drawn up. The working 

method was the one presented in the 

previous reference works, with 

some clarifications (Marușca, 2019; 

Marușca et al., 2019).  

The transformation of 

abundance - dominance (AD), of the 

Braun - Blanquet appreciation scale 

in percentages, according to the 

presence classes (K), was done with 

a decimal, thus becoming more 

accurate than the initial/previous 

model (Marușca, 2019; table 1). 

 
Table 1 

Participation appreciation (P%) from synthetic releve, considering the intervals from 

the scale of abundance + dominance (AD) and the average constant (K%) for 

permanent grassland phytocenosis (after Marușca (2019), more detailed information) 

Scale AD 

Br. – Bl. 

AD considering K (%) 

V 

(81 – 100) 

IV 

(61 – 80) 

III 

(41 – 60) 

II 

(21 – 40) 

I 

(<20) 

5 87.5
* 

61.3 43.8 26.3 8.8 

4 - 5 75.0 52.5 37.5 22.5 7.5 

3 - 5 62.5 43.8 31.3 18.8 6.3 

2 - 5 52.5 36.8 26.3 15.8 5.3 

1 - 5 46.3 32.4 23.2 13.9 4.6 

+  - 5 44.0 30.8 22.0 13.2 4.4 

4 62.5
* 

43.8 31.3 18.8 6.3 

3 – 4 50.0 35.0 25.0 15.0 5.0 

2 – 4 40.0 28.0 20.0 12.0 4.0 

1 – 4 33.8 23.7 16.9 10.1 3.4 

+ - 4 31.5 22.1 15.8 9.5 3.2 

3 37.5
* 

26.3 18.9 11.3 3.8 

2 – 3 27.5 19.3 13.8 8.3 2.8 

1 – 3 21.3 14.9 10.7 6.4 2.1 

+ - 3 19.0 13.3 9.5 5.7 1.9 

2 17.5
* 

12.3 8.8 5.3 1.8 

1 – 2 11.3 7.9 5.7 3.4 1.1 

+ - 2 9.0 6.3 4.5 2.7 0.9 

1 5.0
* 

3.5 2.5 1.5 0.5 

+ - 1 2.8 2.0 1.4 0.8 0.3 

+ 0.5
* 

0.4 0.3 0.2 0.1 
*)

 Conversion of the appreciation scale for A + D, Braun – Blanquet in percent, after 

Tüxen and Ellenberg (1937) from Cristea et al. (2004). 

 

 

Some clarifications were 

made also, in order to determine the 

pastoral value and the average 

useful phytomass index. 

Further, next to each species 

from the releve, along with the 
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recalculated participation 

percentage of the species in the 

grassy carpet, there are indications 

concerning forage value (F) and for 

useful phytomass (M), which have 

the following assessments: 

Indices for forage value (F)  

(Kovacs 1979; Păcurar and Rotar 

2014; Marușca 2016; 2019) 

 1 = toxic for animals and humans;  

 2 = harmful for animal products; 

 3 = harmful for the grassy carpet; 

 4 = poor in forage value (ballast); 

 5 = medium in forage value (ex 

F1); 

 6 = average in forage value (ex 

F2); 

 7 = good in forage value (ex F3); 

 8 = very good in forage value (ex 

F4); 

 9 = excellent in forage value (ex 

F5); 

 X = species with unknown forage 

value. 

By multiplying the 

percentage (P) of participation (%) 

with these indices from 4 to 9, 

summing and dividing to 9 we 

determine the pastoral value (PV) 

according to the formula:  
PV = Σ P(%) x F4 + .......+ P(%) x F9 / 9 

Assessment of grassland 

quality after calculating the pastoral 

value is made as follows: 

 0 - 5 = degraded (Degr.) 

 5 - 15 = very poor (VP) 

 15 - 25 = poor (P) 

 25 - 40 = mediocre (Med.) 

 40 - 60 = average (Av.) 

 60 - 80 = good (G) 

 80 – 100 = very good (VG) 

The average indices for 

useful phytomass (IM) are 

determined similarly; (M1 = very 

poor ........ M9 = very good) which 

is divided by 100, according to the 

formula: 
IM = Σ P(%) x M1 + .......+ P(%) x M9 / 100 

The average phytomass 

indices (IM) calculated for species 

with FV between F4 - F9, is 

multiplied further with coefficients 

for conversion into grass production 

(fresh fodder) useful for animals 

(Marușca, 2019). 

Following this path one can 

evaluate the fresh fodder production 

(GM) expressed in tons per hectare.  

To determine the optimal 

grazing capacity (GP) following 

indices are required: fresh fodder 

production (GM), the duration of 

the grazing season (DGS) and the 

daily requirement of fresh fodder 

(65 kg GM) for a large cattle unit 

(UL) according to the formula: 

. 

The evaluation of the 

optimal load with animals which, 

ultimately represents grassland 

evaluation as well, is assessed as 

follows: 
Value UL/ha Grassland assessment 

0,01 - 0,20    Degraded (Degr.) 

0,21 - 0,40    Very poor (VP) 

0,41 - 0,60    Poor (P) 

0,61 - 0,80    Mediocre (Med.) 

0,81 - 1,20    Average (Av.) 

1,21 - 1,60        Good (G) 

1,61 - 2,00    Very good (VG) 

Over 2,00    Excellent (Exc.) 

The productivity and the optimal 

grazing capacity of all permanent 

grassland associations are evaluated 
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following this method. For a larger 

body of grassland with several 

phytocenosis associations, the area 

of each phytocenosis (AP) should 

be known and multiplied with the 

grazing capacity and then summed 

the total area of the respective 

grassland (TGS) as follows: 

 

TGS = CP1 x SF1 + ...... + CPn x 

SFn 

Finally, through these 

calculations and evaluations applied 

on more or less broad areas of 

mountain grasslands, one can 

establish the real grazing capacity, 

for the optimal capitalization of the 

existing grass found in an entire 

area or mountain floor, it will be 

possible to determine which areas 

needs to be improved, biodiversity 

conservation, environmental 

protection and pastoral landscapes. 

 
RESULTS AND DISCUSSION 

 

The hilly grasslands from 

North Oltenia are spread in the 

Getic Piedmont and the Sub 

Carpathian Hills, on altitude 

between 300 - 700 (800) m, at the 

confluence with the Căpățânii, 

Lotrului, Parâng, Vâlcan and 

Godeanu Mountains from East to 

West and between the Olt and 

Motru rivers (table 2). From 

qualitative point of view, the 

average pastoral value (PV) of the 

hilly grasslands is medium (46.4) 

and forage production is mediocre 

(8.6 t/ha). The most productive 

associations belong to Al. Agrostion 

stoloniferae and Al. Cynosurion 

cristati, with pastoral values 

between 55 -87 and forage 

productions between 8 - 17 t/ha 

fresh fodder. At the opposite pole 

are the associations from Al. Thero-

Airion and Bolboschoenion 

maritime having the lowest 

productivity, with a very low 

pastoral values (8-19) and very low 

fresh fodder forage yields (1.2 - 2.1 

t/ha), mainly due to the lack or 

excess of moisture and other 

limiting factors. 

The mountain grassland 

located on altitude between (700) 

800-1.100 m have lower 

productivity compared to the hilly 

grassland with a mediocre pastoral 

value (25) and low forage 

production (4 t/ha GM; table 3). The 

most productive associations are 

from Al. Cynosurion cristati, like 

the associations from the hilly area, 

having the pastoral value of 52-58 

and the forage production between 

8-11 t/ha GM.  

The rest of the associations 

scored lowest results from all points 

of view due to the lack of moisture.
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Table 2 

The productivity of plant species associations from North Oltenia hilly grassland 

Plant species association 

Pastoral 

value 

(PV) 

Indices for 

useful 

phytomass  

(IM) 

Fresh 

fodder 

production  

(GM t/ha) 

Relative 

production 

(%) 

Al.  Agrostion stoloniferae 

As. Festucetum pratensis Soó (1933) 1940 83.4 5.90 17.1 199 

As. Agrosteto (stoloniferae) – Poëtum 

trivialis Soó (1933) 1940 
64.0 4.85 13.1 152 

As. Alopecureto – Festucetum pratensis Ujv. 

1947 
76.0 5.21 14.6 170 

As. Carici (pallescentis) – Agrostetum 

caninae nova ass. 
67.8 4.40 11.4 133 

Al.  Cynosurion cristati 

As. Anthoxantho – Agrostietum capillaris 

Sillinger 1933 Jurko 1969 
74.9 4.97 13.4 156 

As. Festuco (rubrae) – Agrostietum 

capillaris Csürős-Kapt. 1968 
63.8 4.15 10.8 126 

As. Trifolio (repenti) – Lolietum perennis 

Krippelova 1967, Rems., Pop et al. 1967 
86.7 5.85 17.0 198 

As. Poëtum pratensis Răv., Căzăc. et 

Turenschi 1956 
54.9 3.28 7.9 92 

As. Danthonio – Festucetum rubrae Csürős, 

Pop, Hodișan, Csürős-Kapt. 1968 
59.9 3.81 9.5 110 

Al.  Festucion rupicolae 

As. Xeranthemo (cylindracei) – 

Botrichloetum ischaemi G. Pop 1992 
12.0 0.65 1.2 14 

As. Agrosti (capillaris) – Chrysopogonetum 

grylli Pușc.-Soroc. et al. 1963 
49.3 5.76 16.7 194 

Al.  Thero – Airion 

As. Hordelymo (asperi) – Vulpietum G. Pop 

1992 
16.3 1.00 2.0 23 

As. Airo – Vulpietum Paucă 1941 apud 

Roman 1962 
19.0 0.96 1.8 21 

As. Filagini – Vulpietum Obert 1938 18.1 1.06 2.1 24 

As. Xeranthemo (cylindracei) – Brometum 

arvensis G. Pop 1992 
22.1 2.18 4.8 56 

Al.  Bolboschoenion maritime 

As. Bolboschoenetum maritimi continentalae 

Soó 1957 
11.9 0.89 1.7 20 

As. Eleocharetum palustris Soó 1953 8.8 0.62 1.2 14 

Plant species association average  46.4 3.50 8.6 100 

Evaluation Averag

e  

Average  Mediocre X 
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Table 3 

The productivity of plant species association’s from North Oltenia mountain grasslands  

Plant species association 
Pastoral value 

(PV) 

Indices for 

useful 

phytomass  

(IM) 

Fresh 

fodder 

production  

(GM t/ha) 

Relative 

production 

(%) 

Al. Cynosurion cristati 

As. Agrosti (capillaris) – 

Festucetum rubrae Horv. 1952 
57,8 4,12 10,7 268 

As. Agrosti (capillaris) – 

Genistelletum Boșcaiu 1970 
51,6 3,39 8,1 203 

Al. Phleo (alpini) – Deschampsion caespitosae 

As. Carici (leporinae) – 

Deschampsietum caespitosae Borza 

1934, Beldie 1967 

5,6 0,32 0,6 15 

Al. Caricion canescenti – nigrae (fuscae)  

As. Carici (echinatae) – 

Sphagnetum Soó 1954 

6,2 0,03 0,1 3 

Al. Caricion davallianae  

As. Carici (flavae) – Eriophoretum 

Soó 1957 

4,4 0,24 0,4 10 

Average  25,1 1,9 4,0 100 

Evaluation Mediocre Poor  Poor  X 

 

The alpine and subalpine 

grasslands located at the highest 

altitudes in the Căpățânii and 

Parâng Mountains registered lower 

productivity than those located at 

lower altitudes due to the 

temperatures and the shorter 

vegetation period (table 4). 

The associations of 

subalpine and alpine grasslands 

recorded on average 2.7 t/ha forage 

production with mediocre pastoral 

value (27) for the 4 

phytosociological alliances studied. 

Finally, based on the 

evaluation of associations’ 

productivity (tables 2-4), the 

average pastoral value, forage 

production and the load with 

grazing animals are presented, on 

each phytosociological alliances, 

which can be similar to the current 

grassland habitats (table 5).  

Alliances located on lands 

with a pronounced excess of 

moisture and peat lands such as 

Bolboschoenion maritimi, Caricion 

canescenti-nigrae (fuscae) and 

Caricion davallianae which are not 

usually used as pasture were 

excluded from this analysis. The 

loading with animals, expressed in 

UL/ha at the level of alliances 

(habitats), depending on forage 

production and the length of the 

grazing season, is extremely varied, 

from 0.08 UL/ha at Cetrario - 

Loiselleurion to 1, 36 UL/ha at 

Agrostion stoloniferae, on average 

0.69 UL/ha for all phytosociological 

alliances studied. These data 

presented at the level of alliances 

are particularly valuable when other 

physical-geographical areas will be 

evaluated in order to be compared. 
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Table 4 

The productivity of plant species associations from subalpine and alpine  

grasslands from North Oltenia 

Plant species associations  

Pastoral 

value 

(PV) 

Indices for 

useful 

phytomass  

(IM) 

Fresh 

fodder 

production  

(GM t/ha) 

Relative 

production 

(%) 

Al. Potentillo (ternatae) – Nardion 

As. Scorzonero (roseae) – Festucetum 

nigrescentis Puș. et al. 1956, Coldea 1987 
33,4 2,30 5,1 189 

As. Violo (declinatae) – Nardetum strictae 

Simon 1966 
13,5 0,68 1,3 48 

As. Potentillo (ternatae) – Festucetum 

airoides Boșcaiu 1971 
46,1 1,42 2,8 104 

Al. Seslerion bielzii 

As. Seslerio (bielzii) – Caricetum 

sempervirentis Domin 1933 Puș. et al. 

1956  

34,3 1,32 2,6 96 

As. Seslerio (coerulantis) – Festucetum 

saxatilis Beldie 1967 
38,3 3,19 7,7 285 

Al. Caricion curvulae  

As. Primulo (minimae) – Caricetum 

curvulae Obert. 1959 
39,6 0,86 1,6 59 

Al. Cetrario – Loiselleurion 

As. Centrario – Vaccinietum 

gaultherioides Hadač 1944 
7,4 0,26 0,5 19 

As. Loiselleurietum procumbentis Rüb. 

1931 

5,1 0,16 0,3 11 

Average  27,2 1,35 2,7 100 

Evaluation Mediocre Very poor Very poor X 

 

A first conclusion is that Al. 

Agrostion stoloniferae from North 

Oltenia, with an optimal loading 

with grazing animals of 1.36 UL/ha 

in a 160-day grazing season, is 

almost identical to the same 

phytosociological alliance from the 

Măcinului Mountains, with a 

loading with grazing animals of 

1.38 UL/ha, but valid only for an 

optimal season of 185 grazing days 

(Marușca et al., 2019). As data on 

grasslands productivity determined 

thru floristic releve will be collected 

for many more phytocenoses 

described in the specialized or 

recent literature, the optimal loading 

with grazing animals will be 

outlined on a scientific basis for a 

sustainable use of the grassy carpet, 

biodiversity conservation, 

environmental protection and 

pastoral landscapes. 
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Table 5 

The productivity of major permanent grasslands from North Oltenia and the optimal 

animal loading for each phytosociological association (habitat) 

Phytosociological association 

Pastoral 

value 

(PV) 

Useful forage 

production 

(GM t/ha) 

Loading with 

grazing 

animals 

(UL/ha) 

Grazing 

capacity 

evaluation  

Hilly grasslands (160 grazing days) 

Agrostion stoloniferae 72,8 14,1 1,36 Good  

Cynosurion cristati 68,0 11,7 1,13 Average  

Festucion rupicolae 30,7 9,0 0,87 Mediocre 

Thero – Airion 18,9 2,7 0,26 Very 

poor 

Average for hilly grasslands 47,6 9,4 0,91 Average  

Mountain grasslands (120 grazing days) 

Cynosurion cristati 54,7 9,4 1,21 Good  

Phleo (alpini) – Deschampsion 

caespitosae 
5,6 0,6 0,08 

Degrade

d 

Average for mountain grasslands 30,2 5,0 0,65 Mediocre 

Subalpine and alpine grasslands (80 grazing days) 

Potentillo (ternatae) – Nardion 31,0 3,1 0,60 Poor  

Seslerion bielzii 36,3 5,2 1,00 Average  

Caricion curvulae 39,6 1,6 0,31 Very 

poor 

Cetrario – Loiselleurion 6,3 0,4 0,08 Degraded 

Averages for subalpine and alpine 

grassland 

28,3 2,6 0,50 Poor  

General average 36,4 5,8 0,69 Poor  

General evaluation Mediocre Poor  Poor  X 

 

CONCLUSIONS 
    

The grasslands from North 

Oltenia located at altitude between 

300 and 2,300 m have an average 

productivity in the hilly area (9.4 

t/ha GM), mediocre in the mountain 

area (5.0 t/ha GM) and low in the 

subalpine - alpine floors (2.6 t/ha 

GM). The optimal loading with 

grazing animals on the hilly 

grasslands is 0.91 UL/ha for 160 

days, in the mountains is 0.65 

UL/ha for 120 days and in the 

subalpine - alpine floor is 0.50 

UL/ha for 80 days/grazing season.  

The evaluation of the 

grassland productivity based on 

older botanical releve, with data 

collected from specialized literature, 

or new data from the field, 

unpublished, has a special 

importance for the elaboration of the 

pastoral arrangements and to 

grassland management on scientific 

bases. 
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Abstract 

Asclepias syriaca L. (common milkweed) is an adventive invasive species in 

Europe original from North America. The species became more frequent in Western 

Romania as weed in crops and pastures. Having in view the problems created by the 

invasion of common milkweed in some areas from Hungary we have considered 

important to take in consideration the presence of it in the studied area. Researches 

were developed in 2017-2019 period on a grassland from Pecica (Arad County) from 

the territory of the National Parc Lunca Mureșului. There were delimited three areas of 

vegetation with different features, respectively permanent grassland, grassland invaded 

with indigo bush (Amorpha fruticosa L.) and transition area, the last one being placed 

between the previous two and presenting scattered shrubs on the surface. The focus of 

the research was to investigate the existence of relationship between some vegetation 

features and the participation rate of common milkweed in the vegetation sward. The 

obtained results showed that the vegetation type has a highly significant influence on 

Asclepias syriaca contribution (CS%). 
 

Keywords: Asclepias syriaca L., adventive species, invasive species, grassland, 

vegetation, biodiversity, pastoral value. 
 

INTRODUCTION  
 

Importance of the topic is 

given by the fact that the researches 

regarding adventive invasive 

species Asclepias syriaca L. in 

Romania are very few. The 

investigations were focused on very 

few aspects as the potential of 

invasiveness in wetlands (Otves et 

al., 2018), spreading in Romania in 

general (Sârbu et Oprea, 2011), 

spreading in some counties (Sibiu, 

Brașov) from Transilvania region 

(Zimmerman, 2015), the potential of 

some chemical compounds 

extracted from common milkweed 

(Simionescu et al. 1987a and 1978b 

cited by Ramawat, 2010) and 

industrial use as crop for energy 

(Roșu, 2011). 

Asclepias syriaca L. 

(common milkweed) (synonym: A. 

cornuti Decne., A. intermedia Vail, 

A. syriaca var. kansana (Vail) E. J. 

Palmer & Steyerm, A. kansana 

Vail) belongs to the family 

Apocynaceae, order Rubiales, class 

Magnoliophyta (Mattheus et al., 
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2015; Tokarska-Guzik et Pisarczyk, 

2015). 

Common milkweed is a 

species from North America 

considered as invasive in Europe 

(DAISIE, 2010). Is considered that 

common milkweed is present in 

Europe over 400 years (Agrawal, 

2018), but in the last years became 

widespread in Europe, especially in 

central and southern Europe, 

respectively in Hungary (Botta-

Dukát Z., 2008), in Slovakia 

(Pauková et al., 2014); in Serbia 

(Popov, 2016) in Austria (Follak et 

al., 2018) etc.  

Nowadays is considered 

potentially invasive in many 

European countries according with 

the ”Risk assessment of Asclepias 

syriaca” elaborated by Tokarska-

Guzik et Pisarczyk (2015) for 

NAPRA EU amendment Final 

30/11/2015. Thus, the recorded EU 

situation shows that common 

milkweed was reported in 17 

countries, from which in 13 it has 

well established populations, 

respectively in 11 countries shows 

invasive signs (inclusivelly in 

Romania). It is predicted that due to 

the climatic change this species will 

become invasive in 18 countries 

from EU. 

Asclepias syriaca L. is 

considered in Hungary as one of the 

most five invasive species (Bagi, 

2008) and many researchers are 

considering it as a serious threat for 

the natural vegetation (Kelemen et 

al., 2016). 

The situation from Romania 

varies from a region to other, e.g. 

patches of Asclepias syriaca L. 

occurs in Transylvania along the 

roadside (Zimmermann et al, 2015) 

from where is spreading in the 

adjacent area occupied mainly by 

crops and grasslands (Sărățeanu, 

unpublished data), or is potentially 

invasive in wetlands (Otves et al., 

2018). 

The researches regarding 

connections between the invasion of 

Asclepias syriaca L. and vegetation 

cover biodiversity or other features 

are very few, more abundant being 

the works regarding the impact of 

common milkweed on invertebrate 

biodiversity (Gallé et al., 2015; 

Kapilkumar et al., 2019). 

The focus of this research 

was to investigate some aspects of 

the potential invasion capacity of 

common milkweed in grasslands 

affected by different disturbance 

levels, from low managed extensive 

grazed grassland to grassland highly 

invaded with false indigo bush 

(Amorpha fruticosa L.) and 

intermediary area covered with 

scattered shrubs and signs of wild 

boar feeding. 

 

MATERIAL AND METHOD 
 

The researches were 

developed during 2017-2019 period 

on a grassland from the territory of 

the Natural Parc Lunca Mureșului, 

respectively from Pecica (Arad 

County, location N 46° 10' 13.988'', 

E 21° 1' 59.932''). Soil pH in the 

studied area is low alkaline and 
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ranges between 7.75 – 8.20 

(O.S.P.A. Arad, 2018). The 

analysed grassland is at an altitude 

of 103 m a.s.l. The climate in the in 

the studied area is moderate 

temperate continental and the 

multiannual average temperature 

ranges between 10-11
o
C and the 

multiannual rainfall amount 

between 500-600 mm (Suciu, 2019).  

There were analysed three 

different types of vegetation from 

the grassland surface, respectively 

permanent grassland (PG), 

grassland invaded with indigo bush 

(Amorpha fruticosa L.) (AF) and 

transition area (TA) between the 

two grassland surfaces mentioned 

above. There were delimited three 

sample plots from every of the three 

analysed vegetation types, 

respectively 9 plots in total. The 

vegetation was investigated using 

linear point quadrate method 

(Daget-Poissonet, 1971). There 

were calculated the specific 

contributions of the species (CS%) 

to obtain the CS% of Asclepias 

syriaca L., species richness (S), 

Shannon index (H’) and pastoral 

value (VP). The investigated data 

were imported into JASP (Version 

0.12; JASP Team, 2020) statistical 

software for analysis. 

The goal of the paper is to 

investigate some relationships 

between the contribution of 

common milkweed (Asclepias 

syriaca L.) and grassland in 

different condition of disturbance. 

There were investigated the 

hypotheses regarding the existence 

of a significant relationship between 

some vegetation features 

(vegetation type, species richness, 

Shannon index and pastoral value) 

and the specific contribution (CS%) 

of the adventive invasive species 

Asclepias syriaca L. 

 

RESULTS AND DISCUSSION  

 

 The vegetation was 

considered from the point of view of 

the dominant species identified 

because disturbance determinates 

intense fluctuations in the floristic 

composition. That is why the sward 

couldn’t be considered as certain 

vegetation association, being not in 

the climax stage. During the 

investigated period permanent 

grassland (PG) was dominated by 

Agropyron repens L. (CS% between 

28.67 – 43.33). The transition area 

(TA) was dominated by Festuca 

arundinacea Schreber (CS% 

between23.81 - 43.97) with 

Agropyron repens L. (CS% 11.85 – 

29.31). The vegetation from the 

plots invaded with false indigo bush 

was dominated by Amorpha 

fruticosa L. (CS% 64.10 – 69.60) 

and the grass layer by Bromus 

hordeaceus L. and Bromus sterilis 

L.both grasses having similar 

contributions. 

In figure 1 is represented the 

descriptive plot for CS% of 

Asclepias syriaca L. depending by 

the considered vegetation types, the 

greatest contributions being 

registered on TA. 
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Figure 1. Asclepias syriaca L. CS% depending by vegetation type - Descriptives plot 

 

 In table 1 is presented 

ANOVA for common milkweed 

CS% depending by the considered 

vegetation type samples. The 

obtained p value is p < 0.003 and 

shows that there is highly 

significant influence of the 

vegetation type on the contribution 

of Asclepias syriaca. 

According with the results of 

Levene’s test (table 2), the obtained 

value is greater than α (p < 0.051) 

this meaning the variances are 

equal. 

According with the post-hoc 

Tukey test (table 3), the comparison 

between the vegetation types from 

the point of view of the common 

milkweed CS% show significant 

differences between PG and TA (p 

< 0.006) and between TA and AF (p 

< 0.005).  

The results obtained are 

interesting and unexpected as 

similarity from the point of view of 

common milkweed incidence in the 

sward in such different groups as 

floristic composition as are PG 

(permanent grassland) and AF 

(surface invaded with Amorpha 

fruticosa). 

 

Table 1 

ANOVA - Asclepias syriaca (CS%) depending by vegetation type 

Cases  
Sum of 

Squares  
df  

Mean 

Square  
F  p  

Vegetation type  30.886  2 15.443  17.115 0.003 

Residuals  5.414  6 0.902    
Note.  Type III Sum of Squares 

 

Table 2 

Test for Equality of Variances (Levene's) 

F  df1  df2  p  

5.085  
 

2.000  
 

6.000  
 

0.051  
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Table 3 

Post Hoc Comparisons - Vegetation type  

 
95% CI for Mean Difference  

 

  
Mean Difference  Lower  Upper  SE  t  p tukey  

PG  
 

TA  
 

-3.813  
 

-6.193  
 

-1.434  
 

0.776  
 

-4.917  
 

0.006  
 

   
 

AF  
 

0.223  
 

-2.156  
 

2.603  
 

0.776  
 

0.288  
 

0.956  
 

TA  
 

AF  
 

4.037  
 

1.657  
 

6.416  
 

0.776  
 

5.205  
 

0.005  
 

Note.  P-value and confidence intervals adjusted for comparing a family of 3 estimates 

(confidence intervals corrected using the Tukey method).  

 Other investigated 

hypothesis was considering the 

potential influence of species 

richness (S) on Asclepias syriaca 

CS%. In figure 2 is presented the 

descriptive plot for the variable 

pairs considered, respectively 

Asclepias syriaca CS% and S. 

According with the result of paired 

samples T-test (table 4) the results 

obtained show that the null 

hypothesis is true (p < 0.001). Thus, 

the test of normality (Shapiro-Wilk) 

(table 5) isn’t significant, 

respectively doesn’t suggest the 

existence of a deviation from 

normality in the analysed datasets. 

 

 
Figure 2. Asclepias syriaca L. CS% and species richness (S) - Descriptives plot 

 
Table 4 

Paired Samples T-Test  

         t  df  p  

Asclepias syriaca  
 

-  
 
S  

 
-5.384  

 
8  

 
< 0.001  

 
 

Table 5 

Test of Normality (Shapiro-Wilk)  

         W  p  

Asclepias syriaca  
 

-  
 

S  
 

0.934  
 

0.524  
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Analysing the correlation 

between the variables Asclepias 

syriaca CS% and S using Pearson’s 

r (Table 6) and the correlation 

diagram (Figure 3) can be noticed a 

potential positive trend but it isn’t 

statistically significant. The 

obtained p = 0.173 and r = 0.498 are 

near to the significance level p <0.1, 

this fact suggesting that this 

hypothesis still can be considered 

and to increase the number of 

investigated samples.  

 

Table 6 

Pearson's Correlation 

         n  Pearson's r  p  Lower 95% CI  Upper 95% CI  

Asclepias syriaca  
 
-  

 
S  

 
9  

 
0.498  

 
0.173  

 
-0.249  

 
0.873  

 
* p < .05, ** p < .01, *** p < .001  

 

 
Figure 3. Correlation diagram between Asclepias syriaca CS% and species richness (S) 

 

The other investigated 

biodiversity feature of the analysed 

grassland sward is Shannon index 

(H’) as independent variable and 

Asclepias syriaca CS% as 

dependent. Figure 4 presents the 

descriptive plot representing the pair 

of variables Asclepias syriaca CS% 

and H’. The data mentioned above 

were analysed with paired samples 

T-Test (table 7) and normality 

(Shapiro-Wilk) test (table 6).  The 

obtained results reject the null 

hypothesis. Regarding the normality 

test, the results obtained suggest the 

absence of deviation from normality 

of the considered datasets (p = 

0.092) 
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Figure 4. Asclepias syriaca L. CS% and Shannon index (H’) - Descriptives plot 

 

Table 7 

Paired Samples T-Test  

         t  df  p  

Asclepias syriaca  
 

-  
 

H'  
 

-0.209  
 

8  
 

0.840  
 

 

Table 8 

Test of Normality (Shapiro-Wilk)  

         W  p  

Asclepias syriaca  
 

-  
 

H'  
 

0.858  
 

0.092  
 

 

Pearson’s r value (table 9) 

calculated between Asclepias 

syriaca CS% and H’ show the 

absence of correlation r = 0.39, p = 

0.3. In the correlation diagram 

(figure 5) can be noticed the same 

trend as in the case of species 

richness analysed previously. 

In the following was 

assumed that the species without 

forager value (as is common 

milkweed, the species being toxic 

for cattle) are decreasing the 

pastoral value of the grassland 

sward. The hypothesis regarding the 

existence of a statistical relationship 

between Asclepias syriaca L. CS% 

and pastoral value (VP) was tested. In 

Figure 6 is presented the descriptive 

plot with the pairs of variables 

Asclepias syriaca CS% and VP. The 

paired samples T-Test (table 10) 

confirm the null hypothesis, p = 

0.005, but the normality test 

(Shapiro-Wilk) (table 11) is 

significant (p = 0.028) and shows 

the deviation from the normality of 

the two pairs of variables. 

The calculated value of 

Pearson’s r between Asclepias 

syriaca CS% and VP (table 12) was 

r = 0.268, is insignificant from 

statistical point of view (p= 0.485) 

and the results are graphically 

represented in the diagram from 

figure 7. 
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Table 9 

Pearson's Correlations  

         n  Pearson's r  p  Lower 95% CI  Upper 95% CI  

Asclepias syriaca  
 
-  

 
H'  

 
9  

 
0.390  

 
0.300  

 
-0.370  

 
0.837  

 

* p < .05, ** p < .01, *** p < .001  

 

 
Figure 5. Correlation diagram between Asclepias syriaca CS% and Shannon index (H’) 

 

 
Figure 6. Asclepias syriaca L. CS% and pastoral value (VP) - Descriptives plot 
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Table 10 

Paired Samples T-Test  

         t  df  p  

Asclepias syriaca  
 

-  
 

VP  
 

-3.840  
 

8  
 

0.005  
 

  

Table 11 

Test of Normality (Shapiro-Wilk)  

         W  p  

Asclepias syriaca  
 

-  
 

VP  
 

0.811  
 

0.028  
 

 

Table 12 

Pearson's Correlations  

         Pearson's r  p  Lower 95% CI  Upper 95% CI  

Asclepias syriaca  
 
-  

 
VP  

 
0.268  

 
0.485  

 
-0.482  

 
0.791  

 

* p < .05, ** p < .01, *** p < .001  

 

The results obtained are 

evidencing the absence of the 

correlation between the considered 

variables, this meaning that isn’t a 

significant relationship between the 

contribution of common milkweed 

in the sward and pastoral value of 

the grassland. In the future it will be 

interesting to do similar 

investigations on grasslands with 

greater contributions of Asclepias 

syriaca L. in sward or on more 

many sample plots. 

 

 
Figure 7. Correlation diagram between Asclepias syriaca CS% and pastoral value (VP) 
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The researches regarding 

topics in the direction approached 

here are few, but there are some that 

are confirming the results obtained 

in this work. Thus, according with 

Szilassi et al. (2019) the occurrence 

of Asclepias syriaca L. is highly 

related with the soil type and the 

land use, respectively permanent 

grassland, cultivated land, cleared 

deforested areas, ex-arable 

grassland in different succession 

stages and other land uses.  

Regarding the presence in the 

deforested areas mentioned by 

researchers from Hungary (Szilassi 

et al., 2019), it confirm the 

significant results obtained in the 

grassland covered with scattered 

shrubs from our research and even 

the presence of the common 

milkweed in the pasture strongly 

invaded with Amorpha fruticosa L. 

shrub species. Results obtained by 

Bakacsy (2019) confirm also our 

assumption that disturbance of the 

vegetation cover is a condition for 

the success of common milkweed 

invasion. 

 

CONCLUSIONS  
 

Vegetation type has a 

significant influence on the 

contribution of Asclepias syriaca L. 

Disturbance has an important role on 

the increased participation of 

common milkweed in grasslands. 

Biodiversity considered as 

species richness and entropy 

(Shannon’s H’) present a similar 

evolution pattern in relationship with 

the contribution of common 

milkweed in the vegetation sward, but 

there wasn’t found statistical 

significance. Thus, the results 

obtained suggest that the 

investigation shall continue to assess 

the dynamics of this pair of variables 

in the future, because it can be 

surprising. 

Considering grassland as a 

forage resource, there is important the 

pastoral value indicator. The assumed 

hypothesis was considering the fact 

that the species without forager value 

are decreasing the pastoral value with 

the increase of their contribution. This 

synthetic indicator for the grassland 

quality is influenced directly by the 

contribution of the species from the 

sward, thus the contribution of 

common milkweed shall influence 

this indicator. The results didn’t 

evidence a statistically significant 

relationship between pastoral value 

and common milkweed CS%, but this 

hypothesis have to be checked in 

future researches because most 

probably the increase of Amorpha 

fruticosa CS% will influence pastoral 

value. 

The obtained results are 

important to bring in attention the 

potential invasive capacity of 

common milkweed in certain areas 

from the perimeter of Lunca 

Mureșului National Park that 

complies the features that facilitate 

the growth and spread of this species. 

The administrative body of the 

protected area shall be aware by this 

potential threat for the vegetation of 

some habitats vulnerable to invasion. 
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Abstract 

The main objective of this research was to evaluate the productivity and quality 

of fresh fodder, prepared hay and silage from cv. ‘Argentina’ Sorghum almum. In the 

third growing season cv. ‘Argentina’ was characterized by intensive growth and 

development rate, regenerative capacity after being cut. The annual productivity from 

three cuts reached 6.1 kg/m
2
 fresh fodder or 1.4 kg/m

2
 dry matter.  The dry matter 

content in Sorghum almum fresh fodder, its biochemical composition  and energy value 

significantly differed in dependence of the harvest period (cut): 186-267 g/kg DM, 51.0-

141.9 g/kg CP, 19.6-34.5 g/kg EE, 76.7.0-138.2 g/kg ash, 670-781 g/kg NDF, 440-

493g/kg ADF, 45-62 g/kg ADL, 376-447 g/kg CEL, 249-315 g/kg HC,   5.2-5.3 g/kg Ca 

and 1.8-3.2 g/kg P, 24.00-45.59 mg/kg carotene, 10.17-11.16 MJ/kg DE, 8.35-9.16 

MJ/kg ME and 4.37-5.18 MJ/kg NEl. The silage obtained from Sorghum almum were 

characterized by pH= 3.8-4.5, lactic acid 24.7-45.5 g/kg, acetic acid 6.3-9.1 g/kg, 

butyric acid 0-0.2g/kg, 7.58-9.52 % CP, 3.2-3.68 % EE, 7.72-10.76 % ash, 65.7-66.2 % 

NDF, 41.0-43.3 % ADF, 4.0-4.8 % ADL, 37.0-38.5% CEL, 22.9-24.7 % HC, 35.70-

47.17 mg/kg carotene, 3.7-5.5 g/kg Ca and 1.8-2.7 g/kg P, 10.85-11.33 MJ/kg DE, 

8.91-9.30 MJ/kg ME and 5.06-5.32 MJ/kg NEl. The hay prepared contained 84.8-111.3 

g/kg CP, 12.4-14.4 g/kg EE, 110.3-113.2 g/kg ash, 661-678 g/kg NDF, 423- 442g/kg 

ADF, 46-49 g/kg ADL, 377-393 g/kg CEL, 236-238 g/kg HC, 4.1-4.7 g/kg Ca, 2.5-2.9 

g/kg P, 4.00-7.67 mg/kg carotene with energy concentration 10.88-11.15 MJ/kg DE, 

8.93-9.15 MJ/kg ME and 5.06-5.17 MJ/kg NEl. We consider that cv. ‘Argentina’ 

Sorghum almum biomass may be used as multi-purpose feed for livestock. 

 

Keywords: biochemical composition, cv. „Argentina‟, fresh fodder, hay, productivity, 

silage, Sorghum almum.  

 

INTRODUCTION 

 

The human population 

increases, land areas suitable for 

intensive crop production decrease. 

Agriculture is the most vulnerable 

to natural hazards and climate 

change, causing negative impact on 

the sustainable economic growth, 

food availability and security.  

Forages play a significant 

role in livestock nutrition and 

approximately 80-85% of all feed 

units are from forages. Quality of 

forage is paramount in obtaining 

optimum animal performance. 

Palatability, rate of passage, 

digestibility, nutrient density and 

balance, and intake are all factors 

determining the degree to which the 

forage is able to meet the nutritional 

demands of the animal. The 

cultivation of neglected and 

underused crops and the 
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domestication of new fodder species 

that need less water and produce 

increased yield of organic matter 

per unit of water is important for 

agricultural sustainability and 

animal husbandry production. 

The genus Sorghum 

Moench, Poaceae family, 

Panicoideae subfamily, 

Andropogoneae  tribe, Sorghinae  

subtribe includes 31 species native 

to tropical and subtropical regions 

of all continents,  some of which are 

raised for grain and many of which 

are used as fodder plants either 

cultivated or as part of pasture, and 

other industrial uses, substrates  for 

bio refinery. Sorghum species C4 

type photosynthesis plant, have 

recently gained popularity due to 

their numerous advantages, such as 

heat and drought tolerance, 

resistance to specific diseases and 

pests; besides, they are well adapted 

to a wide range of soil types and 

recover easily after grazing or 

multiple harvests, being able to 

exploit the salty soils where the 

cultivation of cereals is more 

difficult.  

Sorghum almum, was 

discovered in 1936 in Argentina, 

confirmed as a species in 1943 by 

Parodi L.R. Is erect, robust, 

tussocky, short-lived perennial plant 

with numerous tillers 2‒ 3 (‒4.5) m 

tall, and short, thick, upward-

curving rhizomes producing new 

shoots near the parent clump. The 

stem is solid and pithy, about 1 cm 

thick, mostly unbranched; nodes 

glabrous or finely pubescent.  Leaf 

blades linear, apex tapering, 30‒45 

(‒100) cm long, 0.5‒2.5 (‒4.0) cm 

wide, glaucescent; blade and sheath 

usually glabrous except for hairs 

near the membranous ligule; leaf 

blade margins scaberulous.  Panicle 

is pyramid-shaped, 20‒60 cm long, 

8‒25 cm wide, with secondary and 

tertiary branches, the former in 

whorls. Spikelets (each comprising 

a single floret) in pairs, one sessile 

and hermaphrodite, the other 

pedicellate and male; sessile 

spikelet 5‒6.5 mm long, 2‒5 mm 

wide, ovate-lanceolate, hairy when 

young; male pedicellate spikelet 5‒7 

mm long, more or less persistent; 

pedicels hairy; glumes equal, rigid 

and shiny brown or black when 

mature, enclosing the caryopsis; 

lemma transparent, often with awn 

1‒2 cm long, which readily falls off 

as the seed matures; palea 

transparent, longer than the lemma, 

is predominantly cross-pollinated, 

but is also self-fertile. Caryopsis 

light brown, ovate to obovate, 

2.5‒4.0 mm long, 2‒2.3 mm wide, 

dorsally compressed, the embryo – 

the length of the caryopsis, the 

hilum – round. Chromosome 

number is 2n=40.  Sorghum almum 

is a short-day plant, propagates by 

seeds or by thick underground 

rhizomes, prefers soils from light 

loams to heavy clays, with a pH 

range from 5 to 8.5, tolerates 

drought and salinity, but does not 

tolerate prolonged flooding. It is 

more tolerant to drought than maize 

and can survive in areas receiving 

200 mm of annual rainfall. Suitable 

for rotational grazing as it does not 

resist trampling. It produces 

abundant good-quality herbage 

suitable for hay, silage, or grazing 
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and is capable of sustaining very 

high stocking rates (Duke, 1983; 

Heuze et al., 2015; Cook et al., 

2016).  Common names of this 

species, which can be found 

literature, are: Columbus grass, five-

year sorghum, perennial sorghum – 

in English; sorgho d‟Argentine – in 

French; Columbusgras – in German; 

sorgo almo – in Italian; sorgo negro, 

pasto colon – in Spanish; сорго 

щедрое, колумбова трава, сорго 

многолетнее – in Russian; сорго 

багаторічне, колумбова трава – in 

Ukrainian; iarba grasă, sorg peren, 

iarba lui Columb in Romanian 

(Popescu and Albu, 1970; 

Rakhmetov and Rakhmetova, 2009; 

Heuze et al., 2015, Ţîţei et al., 

2015). In the United States of 

America, Sorghum almum has been 

cultivated since 1943, as a pioneer 

crop in pasture development and for 

hay, one distinct advantage of this 

species over Sudangrass (Sorghum 

sudanense (Piper) Stapf) as a 

temporary summer pasture crop - it 

makes better regrowth and produces 

more grazing in late summer and 

fall, it appears to be more drouth 

tolerant than Sudan or Johnsongrass 

(Sorghum halepense (L.) Pers.), 

particularly on sandy soils (Trew, 

1959). In Romania, it has been 

researched since 1962, in several 

scientific centres: Fudulea, Caracal, 

Lovrin (Popescu and Albu, 1970). 

In the former USSR, it has been 

researched since 1957, in the 

Central Asian republics, and then it 

became a popular research subject 

in Ukraine, from where it was 

introduced in Moldova, in the 70s of 

the past century. In the conditions of 

forest-steppe Ukraine, the 

Columbus grass forms a bush of 

three to five productive stems of 

230-300 cm in height, is 

characterized by high yields of 

biomass (75 t/ha fresh mass) and 

seeds (2.2 t/ha), in Uzbekistan under 

irrigation conditions the fresh 

fodder productivity reached 211 t/ha 

(Rakhmetov and Rakhmetova, 

2009; Avutkhonov et al., 2016).  

The aim of this study was to 

determine the fresh fodder 

productivity, silage and hay quality 

of Sorghum almum cv. „Argentina‟ 

in the third growing season. 

 
MATERIAL AND METHOD 

 

The cv. „Argentina‟ of 

perennial sorghum, Sorghum 

almum, created in the National 

Botanical Garden (Institute) 

Chişinău and patented by the State 

Agency on Intellectual Property 

(AGEPI) of the Republic of 

Moldova patent nr. 344 / 

2020.04.30* which was cultivated in 

the experimental plot of the Plant 

Resources Laboratory GBNI, N 

46°58′25.7″ latitude and E 

28°52′57.8″ longitude, served as 

subject of the research. 

The fresh fodder of three-

year-old plants of Sorghum almum 

was cut manually for the first time 

in the middle of June, the second 

time – at the end of July and the 

third time – at the end of the 

September. The harvested fresh 

fodder was weighed. The 
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leaves/stems ratio was determined 

by separating leaves and panicles 

from the stem, weighing them 

separately and establishing the 

ratios for these quantities, samples 

of 1.0 kg harvested plants. The 

harvested fresh fodder was chopped 

to 1.5-2.0 cm with a forage chopper 

and silage was prepared and 

evaluated in accordance with the 

Moldavian standard SM 108**.  

The hay was prepared from 

harvested mass dried directly in the 

field. 

 For chemical analyses, the 

samples were dried at 65 ± 5°C. The 

dry matter or total solid (TS) 

content was detected by drying 

samples up to constant weight at 

105 °C; crude protein (CP) – by 

Kjeldahl method; crude fat (EE) – 

by Soxhlet method; ash – in muffle 

furnace at 550 °C; calcium (Ca) 

concentration – using the atomic 

absorption spectrometry method and 

phosphorus (P) – using the 

spectrophotometric method; acid 

detergent fiber (ADF), neutral 

detergent fiber (NDF) and acid 

detergent lignin (ADL) have been 

determined by near infrared 

spectroscopy (NIRS) technique 

PERTEN DA 7200 at the Research-

Development Institute for Grassland 

Brasov, Romania. Concentration of 

Cellulose (CEL), Hemicellulose 

(HC), Digestible energy (DE), 

Metabolizable energy (ME) and Net 

energy for lactation (NEl) were 

calculated according to standard 

procedures. 

 
RESULTS AND DISCUSSION 

 

We could mention that, under 

the conditions of the Republic of 

Moldova, in the third year of 

growth, the plants of Sorghum 

almum resumed growth in the 

middle of April; new shoots grew 

from the rhizomes formed in the 

underground part in the previous 

year. At the end of the first week after 

the resumption of growth, the 

plantlets were 3-5cm tall and had 2-3 

leaves. A more intensive growth and 

development rates of plants were 

observed in May. Thus, in the middle 

of May, the stems reached 60-65 cm 

in height and branching began. By the 

end of the month, the plants were 

already over 120 cm tall. In mid-

June, the initiation of formation of 

the panicles was observed. 

The results of our study 

concern the agro-biological features, 

the fresh fodder yield and the 

leaves/stems ratio, depending on the 

harvesting period (cut) of the 

Sorghum almum plants (Table 1). It 

has been determined that, in the 

third year of growth, when the 

plants were cut for the first time in 

mid-June, they were 196 cm tall, 

with a moderate leaves/stems ratio, 

and the productivity reached 

2.85 kg/m
2
 of fresh fodder or 

0.67 kg/m
2
 dry matter. Due to the 

favourable weather conditions in 

June-July 2018y., with considerable 

amount of rainfall and moderate 

temperatures 22-25 °C, the plants 

recovered well after the harvest. 

Thus, several new shoots developed 
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and, at the end of July, the height of 

the plants was 160-165 cm and 

1.72 kg/m
2
 fresh fodder were 

harvested, with reduced dry matter 

content (18.6 %), but higher 

proportion of leaves (49 %). After 

the second cut, the growth and the 

development of plants were slower 

in the August, but then they 

intensified and, until the end of 

September, the shoots reached a 

height of about 153 cm and 30 % of 

the plants were in the stage of 

panicle development. The yield at 

the third cut was 1.53 kg/m
2
 fresh 

fodder or 0.41 kg/m
2
 dry matter. 

The annual productivity from three 

cuts was 6.1 kg/m
2
 fresh fodder or 

1.4 kg/m
2
 dry matter.  

 

Table 1 

The yield and its structure depending on the harvest time  

of cv. „Argentina‟ Sorghum almum plants 

Harvest 

 time 

Plant 

height, 

cm 

Stem, g Leaf, g Yield, kg/m
2
 

fresh 

fodder 

dry 

matter 

fresh 

fodder 

dry 

matter 

fresh 

fodder 

dry 

matter 

First cut 

13.06.2018 

Second cut 

27.07.2018 

Third cut 

24.09.2018 

 

196 

 

163 

 

153 

 

23.2 

 

16.4 

 

8.5 

 

7.0 

 

2.6 

 

2.1 

 

11.3 

 

11.0 

 

7.1 

 

2.9 

 

2.5 

 

2.1 

 

2.85 

 

1.72 

 

1.53 

 

0.67 

 

0.32 

 

0.41 
 

It is a well-known fact that 

the content of dry matter and its 

biochemical composition are 

important for the feed and animal 

performance. The dry matter 

content in Sorghum almum fresh 

fodder significantly differed in 

dependence of the harvest time; it 

was optimal in the fresh fodder 

obtained after the first and third cuts 

and the lowest – after the second 

cut. It was determined that the 

biochemical composition of the dry 

matter also varied depending on the 

harvest time (cut): 51.0-141.9 g/kg 

CP, 19.6-34.5 g/kg EE, 76.7.0-138.2 

g/kg ash, 670-781 g/kg NDF, 440-

493g/kg ADF, 45-62 g/kg ADL, 

376-447 g/kg CEL, 249-315 g/kg 

HC,   5.2-5.3 g/kg Ca and 1.8-3.2 

g/kg P (Table 2). The amounts of 

protein, fats and ash were high in 

the fresh fodder obtained after the 

second cut and low – after the third 

cut. The concentration of structural 

carbohydrates in the fresh fodder 

obtained after the first and the third 

cuts was significantly higher in 

comparison with the fresh fodder 

obtained after the second cut.  

Plant carotenoids are 

precursors of retinol – vitamin A, 

together with vitamin E and 

polyphenols, are natural 

antioxidants in ruminant diets. 

Higher carotenoid concentrations in 

milk contribute to an improvement 

in the nutritional value of dairy 

products. It was found that carotene 

content in fresh fodder obtained 
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after the first cut reached 

30.34 mg/kg, during the growing 

season the amount of carotene 

decreased from 45.59 mg/kg at the 

second cut to 24.00 mg/kg at the 

third cut. 
 

Table 2 

The biochemical composition, the nutritive and the energy value  

of the Sorghum almum fresh fodder 

Indices 1
st
 cut 2

nd
 cut 3

rd
 cut 

Crude protein, % DM 

Crude fats, % DM               

Acid Detergent Fibre, % DM 

Acid Detergent Lignin,% DM 

NeutralDetergent Fibre,% DM 

Ash,% DM 

Cellulose, g/kg DM 

Hemicellulose , g/kg DM   

Calcium, % DM 

Phosphorus, % DM 

Carotene, mg/kg fodder Digestible 

dry matter, % 

Digestible energy, MJ/ kg DM 

Metabolizable energy,MJ/kgDM 

Net energy for lactation, MJ/kg  

8.29 

2.70 

44.00 

5.00 

70.60 

7.67 

390 

266 

0.53 

0.18 

30.34 

54.6 

10.91 

8.96 

4.98 

14.19 

3.45 

42.2 

4.5 

67.00 

13.88 

376 

249 

0.52 

0.32 

45.59 

56.0 

11.16 

9.16 

5.18 

5.10 

1.96 

49.30 

6.20 

78.10 

9.05 

447 

315 

- 

- 

24.00 

50.5 

10.17 

8.35 

4.37 
 

The energy value of 

Sorghum almum fresh fodder 

reached 10.17-11.16 MJ/kg DE, 

8.35-9.16 MJ/kg ME and 4.37-5.18 

MJ/kg NEl. 

The results obtained by 

Khan et al. (2020) for Sorghum 

almum fresh fodder was: 239 g/kg 

DM, 9.2 % CP, 6.1 % EE, 8.2 % 

ash, 56.5% NDF, 26.7 % ADF, 

8.3% ADL, 29.8% CEL, 8.9 g/kg 

Ca and 3.3 g/kg P, 58.8 % IVDMD. 

Duke, 1983, remarked that the dry 

matter content varied in Sorghum 

almum fresh fodder  from 16% at 4 

weeks old to 23.9% at 8 weeks, 

crude protein  from 11.3% to 7.8%, 

crude fibre from 29.4% to 36.6%, 

ash  from 9.7% to 7.3 %, fats from 

3.8% to 2.6%, nitrogen free extract 

from 45.2% to 48.2%, respectively. 

Amador and Boschini (2000) 

reported that the nutritional quality 

of whole plants during growth 

stages from 24 to 150 days after 

sprouting changed: 10.41-38.20 % 

DM, 25.97-7.7 % CP, 13.40-7.46 % 

ash, 50.58-75.05 % NDF, 26.69-

50.63 % ADF, 26.49-43.25 % CEL, 

20.89-28.70 % HC and 2.82-7.51 % 

lignin. Lanyansunya et al. (2006), 

studied the chemical composition of 

Sorghum almum in pure stand and 

intercropped with Vicia villosa, 

harvested at the age of 18 weeks, 

and found that pure Sorghum almum 

contained 8.7 % CP, 6.7 % ash, 

70.0% NDF 38.1 %ADF, 6.9 % 

ADF, 31.2 % CEL and 31.9 % HC, 

but in mixture with Vicia sativa – 
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9.6 % CP, 6.9 % ash, 69.7% NDF 

32.2 % ADF, 5.9 % ADL, 26.4 % 

CEL and 37.4 % HC. Gumel et al. 

(2020) mentioned that the Sorghum 

almum plants harvested at 8 weeks 

post sowing contained 18.7-19.9 % 

CP, 2.65-472 % EE, 57.08-75.24 % 

CF, 169.58-282.07 mg/kg Ca, 

13.76-16.67 mg/kg P. According to 

Heuze et al. (2015)  the average  

feed value of fresh aerial part was: 

17.5 % DM, 10.0 % CP, 2.5 % EE, 

33.6 % CF, 68.8 % NDF 39.3 % 

ADF, 5.2 % ADL, 11.7 % ash, 

4.5 g/kg Ca and 4.1 g/kg P, 63.8 % 

DDM, 10.8 MJ/kg DE and 8.7 

MJ/kg ME. Slyusar (2015) reported 

that Sorghum almum fresh fodder  

first cut contained 2.24-2.27 % N, 

0.79-1.02% Ca, 1.03-1.04% P, but 

fresh fodder  second cut 1.92-

1.95 % N, 1.22-1.27% Ca, 0.85-

0.88% P. 

Silage is the predominant 

fodder throughout the world, it is a 

significant feedstuff to meet protein, 

energy, mineral and fiber needs of 

ruminant animals. The production 

of well-preserved, high-quality 

silages depends mainly on the 

composition of the forage at 

ensiling and the application of 

appropriate silage-making practices.  

When opening the glass 

vessels with silage made from fresh 

fodder of Sorghum almum obtained 

after the first cut, there was no gas 

or juice leakage from the preserved 

mass, but from the vessels with 

silage made from fresh fodder 

obtained after the second cut, 

carbon dioxide – a by-product of 

fermentation – was moderately 

eliminated. The forage materials 

obtained after at all the harvests 

resulted in silages with agreeable 

colour and aroma, the consistency 

was retained, in comparison with 

the initial fresh fodder, without 

mould and mucus. During the 

organoleptic assessment, it was 

found that the colour of the silage 

obtained after the first cut was 

homogeneous green-yellow with 

pleasant smell, specific to pickled 

vegetables, but the silage made from 

fresh fodder obtained at the second 

cut – green-olive leaves and yellow-

green stems with pleasant smell like 

fresh grass. The fermentation 

quality of Sorghum almum silages is 

illustrated in Table 3. The materials 

consolidated well and the 

fermentation was complete with 

acidic pH values 3.77-4.50. It has 

been determined that the amounts of 

organic acids, in the prepared 

silages, differed essentially 

depending on the period of 

harvesting. The content of fixed 

lactic acid decreased from 

33.8 g/kg to 17.6 g/kg DM and free 

lactic acid from 11.7 to 7.1 g/kg 

DM; fixed acetic acid increased 

from 6.1 to 9.1 g/kg DM and from 

3.4 to 3.5 g/kg DM, respectively, in 

the silage obtained after the second 

cut. The butyric acid content was 

below the detected level in fixed 

form (0.2 g/kg DM) in the silage 

obtained after the first cut. The 

concentrations of lactic acid varied 

from 73.1 to 87.5 % of organic 

acids. 
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Table 3 

The fermentation quality of the investigated Sorghum almum silages 

Indices 1
st 

cut 2
nd

 cut 

pH index                                                                                                                                   

Content of organic acids, g/kg 

DM 

Free acetic acid, g/kg DM  

Free butyric acid, g/kg DM                                                                                                     

Free lactic acid, g/kg DM                                                                                                          

Fixed acetic acid, g/kg DM                                                                                                     

Fixed butyric acid, g/kg DM                                                                                                    

Fixed lactic acid, g/kg DM                                                                                                       

Total acetic acid, g/kg DM                                                                                                            

Total butyric acid, g/kg DM                                                                                                

Total lactic acid, g/kg DM                                                                                                       

Acetic acid, % of organic acids                                                                 

Butyric acid, %  of organic acids                                                              

Lactic acid, % of organic acids 

3.77 

52.0 

3.4 

0 

11.7 

2.9 

0.2 

33.8 

6.3 

0.2 

45.5 

12.12 

0.38 

87.50 

4.50 

33.8 

3.5 

0 

7.1 

6.6 

0 

17.6 

9.1 

0 

24.7 

26.93 

0 

73.07 

 

The dry matter content and 

its biochemical composition, the 

nutritive and energy value of 

Sorghum almum silages are shown 

in Table 4. The dry matter content 

was the lowest in prepared silages 

(180.7 -210.7 g/kg). The 

biochemical composition of the 

silages varied depending on the 

harvest time: 7.58-9.52 % CP, 3.2-

3.68 % EE, 7.72-10.76 % ash, 

65.7-66.2 % NDF, 41.0-43.3 % 

ADF, 4.0-4.8 % ADL, 37.0-38.5% 

CEL, 22.9-24.7 % HC, 35.70-

47.17 mg/kg carotene, 3.7-5.5 g/kg 

Ca and 1.8-2.7 g/kg P. The 

concentration of energy reached 

10.85-11.33 MJ/kg DE, 8.91-9.30 

MJ/kg ME and 5.06-5.32 MJ/kg 

NEl. The concentration of protein, 

fats, hemicelluloses, carotene, 

calcium, phosphorus and energy 

was significantly higher in silage 

from fresh fodder second cut. 

Some authors mentioned 

various findings about the quality of 

Sorghum silage. According to 

Kallah et al. (1997; 1999) with 

advancing stage of maturity of 

Sorghum almum at 50 to 90 days 

post-planting, the forage declined 

in moisture content (85.0 to 

56.0 %) and leafiness (46.0 to 

26.0 %) and the chemical 

composition of the silage changed: 

14.7 -6.4% CP, 5.3-7.7 % EE, 5.3-

8.5 % ash,  72.6-78.8 %NDF, 

38.8-49.5 %ADF, 0.23-0.58 %Ca, 

0.12-0.21 %P, 390-25 mg/kg DM 

carotene, 244.0-183.0 mg/kg DM 

hydrogen cyanide. Ayhan et al. 

(2003)  reported that the ensiled 

Johnson grass (Sorghum 

halepense) were characterized by 

pH level 5.32, 0.71% lactic acid, 

0.48% acetic acid,   11.15 %, CP, 

3.72 % EE, 32.30%CF, 42.18% 

NFE, 10.13 % ash, 66.52% NDF 

46.60 % ADF, 7.229 % ADL, 

35.18 % CEL and 23.17% HC,  
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18.06 MJ/kg GE, 7.71 MJ/kg  ME 

and 4.34 MJ/kg NEl. Muhammad 

et al. (2008) determined that silage 

from pure Sorghum almum plants 

had pH level 5.5, 11.0 % CP, 

17.5 % EE, 40 % CF, 6.1 % ash, 

25.1% NFE. The results obtained 

in Romania, by Voicu et al. 

(2013), for the silage prepared 

from sweet sorghum cultivars 

F436 and F465, ensiled in the 

milk-dough stage, were 6.39-

6.74 % CP, 1.23-1.38 % EE, 36.8-

39.3 % CF, 45.1-48.4 % NFE,  

7.03-7.58 % ash, 0.34-0.39 % Ca, 

0.14-0.21 % P,  55.50-56.90 % 

DMD, but  maize silage: 6.57-

6.63 % CP, 2.91-3.16 % EE, 

17.26-17.62 % CF, 5.89-6.70 % 

ash, 0.23-0.26 % Ca, 0.13-0.22 % 

P, 66.35-68.18 % DMD, 

respectively. Alpizar et al. (2014) 

mentioned that harvested Sorghum 

almum plants contained 8.77 % 

CP, 54.88 % NDF, 35.08 % ADF, 

19.80 % HC and 8.29 % ash, but 

the produced silage was 

characterized by pH 3.8, 7.92 % 

CP, 60.70 % NDF, 36.49 % ADF, 

24.21 % HC and 9.01 % ash, 

respectively. 

 
Table 4 

Dry matter content, biochemical composition,  

nutritive and energy value of the investigated silages 

Indices 1
st
 cut 2

nd
 cut 

Dry matter, g/kg  

Crude protein, % DM 

Crude fats, %  DM             

Acid Detergent Fibre, % DM 

Acid Detergent Lignin,% DM 

Neutral Detergent Fibre, % DM 

Cellulose, g/kg DM 

Hemicellulose , g/kg DM   

Ash, %  DM 

Calcium, % DM 

Phosphorus, % DM 

Carotene mg/ kg silage  

Digestible dry matter, % 

Digestible energy, MJ/ kg DM 

Metabolizable energy, MJ/ kg DM 

Net energy for lactation, MJ/ kg DM 

210.70 

7.58 

3.20 

43.30 

4.8 

66.2 

385 

229 

7.72 

0.48 

0.19 

35.70 

55.2 

10.85 

8.91 

5.06 

180.70 

9.52 

3.68 

41.00 

4.0 

65.7 

370 

247 

10.76 

0.55 

0.27 

47.17 

57.0 

11.33 

9.30 

5.32 

 

Grass hay is a very 

important part of ruminant 

animals, horses, rabbits, 

chinchillas and cavies (guinea 

pigs) food intake. To maintain a 

healthy digestive system they need 

a continual supply of grass hay as 

the majority of their diet. The hay 

prepared from the Sorghum almum 

plants, Table 5, contained 84.8-

111.3 g/kg CP, 12.4-14.4 g/kg EE, 

110.3-113.2 g/kg ash, 661-678 
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g/kg NDF, 423- 442g/kg ADF, 46-

49 g/kg ADL, 377-393 g/kg CEL, 

236-238 g/kg HC, 4.1-4.7 g/kg Ca, 

2.5-2.9 g/kg P, 4.00-7.67 mg/kg 

carotene with energy concentration 

10.88-11.15 MJ/kg DE, 8.93-9.15 

MJ/kg ME and 5.06-5.17 MJ/kg 

NEl.  

Several literature sources 

describe the nutritional 

performance of Sorghum almum 

hay. Kallah et al. (1999) found 

that the chemical composition of 

Sorghum almum hay varied 

depending on the cut time: 15.3-

11.4 % CP, 61.2-75.3 % NDF, 

40.0-44.0 % ADF, 0.12-0.10% Ca, 

0.25-0.16%P.  Ishiaku et al. (2018) 

reported that hay from Sorghum 

almum contained 12.62 % CP, 

2.03 % EE, 63.44% NFE, 4.9 % 

ash, 48.99% NDF 26.66 % ADF, 

9.88 % ADF, 22.32 % Cel and 

16.86 % HC, 12.17 MJ/kg ME, 

RFV=129.35. 

 
Table 5 

Dry matter content, biochemical composition, nutritive and energy value of the hay 

Indices 1
st
 cut 2

nd
 cut 

Dry matter, g/kg  

Crude protein, % DM 

Crude fats, %  DM             

Acid Detergent Fibre, % DM 

Acid Detergent Lignin,% DM 

Neutral Detergent Fibre, % DM 

Cellulose, g/kg DM 

Hemicellulose , g/kg DM   

Ash,%  DM 

Calcium, % DM 

Phosphorus, % DM 

Carotene mg/ kg silage  

Digestible dry matter, % 

Digestible energy, MJ/ kg DM 

Metabolizable energy, MJ/ kg DM 

Net energy for lactation, MJ/ kg DM 

861.0 

8.48 

1.24 

44.20 

4.90 

67.80 

393.0 

236.0 

11.03 

0.47 

0.25 

4.00 

54.5 

10.88 

8.93 

5.06 

856.5 

11.13 

1.44 

42.30 

4.60 

66.10 

377.0 

238.0 

11.32 

0.41 

0.29 

7.67 

55.9 

11.15 

9.15 

      5.17 
  

CONCLUSIONS 
    

In the third growing the 

fresh fodder productivity of 

Sorghum almum cv. „Argentina‟ 

reached 28.3 t/ha at the first cut, 

17.2 t/ha at the second cut and 

15.3 t/ha at the third cut, 

respectively.  

The  dry matter in harvested 

fresh fodder contained: 51.0-141.9 

g/kg CP, 19.6-34.5 g/kg EE, 76.7.0-

138.2 g/kg ash, 670-781 g/kg NDF, 

440-493g/kg ADF, 45-62 g/kg 

ADL, 376-447 g/kg CEL, 249-315 

g/kg HC,   5.2-5.3 g/kg Ca and 1.8-

3.2 g/kg P, 24.00-45.59 mg/kg 

carotene, 10.17-11.16 MJ/kg DE, 
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8.35-9.16 MJ/kg ME and 4.37-5.18 

MJ/kg NEl. 

The silage obtained from 

Sorghum almum, according to 

organoleptic characteristics (smell, 

colour and consistency) and 

biochemical indices (pH, content of 

organic acids and their correlation, 

chemical composition), largely 

meets the standards: pH 3.8-4.5, 

lactic acid 24.7-45.5 g/kg, acetic 

acid 6.3-9.1 g/kg, butyric acid 0-

0.2g/kg, 7.58-9.52 % CP, 3.2-3.68 

% EE, 7.72-10.76 % ash, 65.7-66.2 

% NDF, 41.0-43.3 % ADF, 4.0-4.8 

% ADL, 37.0-38.5% CEL, 22.9-

24.7 % HC, 35.70-47.17 mg/kg 

carotene, 3.7-5.5 g/kg Ca and 1.8-

2.7 g/kg P, 10.85-11.33 MJ/kg DE, 

8.91-9.30 MJ/kg ME and 5.06-5.32 

MJ/kg NEl.  

The hay prepared from the 

Sorghum almum plants contained 

84.8-111.3 g/kg CP, 12.4-14.4 g/kg 

EE, 110.3-113.2 g/kg ash, 661-678 

g/kg NDF, 423- 442g/kg ADF, 46-

49 g/kg ADL, 377-393 g/kg CEL, 

236-238 g/kg HC, 4.1-4.7 g/kg Ca, 

2.5-2.9 g/kg P, 4.00-7.67 mg/kg 

carotene with energy concentration 

10.88-11.15 MJ/kg DE, 8.93-9.15 

MJ/kg ME and 5.06-5.17 MJ/kg NEl.     

We consider that Sorghum 

almum cv. „Argentina‟ may be used 

as multi-purpose feed for livestock 

production.
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Abstract 

The installation of the type of meadow derived from Festuco rubrae - 

Agrostietum capillaris associations, respectively nardetosum strictae subassociation in 

our country has made this type of meadow to be studied in numerous aspects (floristic, 

ecological, improvement system, use mode, etc.), in order to raise the potential 

production and improving feed quality, but with the conservation of floristic diversity. 

The objectives of this study were to determine the influence of the management applied 

on a Nardus stricla L. meadow from intramontane Depression of Vatra Dornei, from 

the North-Eastern Romanian Carpathians. The results show that the fertilization 

applied, either of mineral or organic, had a favorable effect on the production of dry 

matter in the studied period (2018-2019) and a significant impact on the biodiversity, 

the structure and floristic composition of the existing vegetation being influenced by 

management applied and mineral and organic fertilization and the applied dose. There 

was an increase of the pastoral value of the studied meadow as a result of the increase 

of the share of species with high forage value. 

 

Keywords: abandon, mulching, organic and mineral fertilization, production, 

biodiversity.  

INTRODUCTION 

 

Festuco rubrae - Agrostietum 

capillaris is one of the main 

associations of zonal meadows in 

the mountainous region of the 

Romanian Carpathians, with a wide 

spread on moderately inclined 

coasts (5-25º), with moderate 

humidity, with luvic brown and acid 

brown soils, moderately weakly 

acidic and with a moderate content 

of nutrients (Bărbos 2007; Vîntu et 

al, 2011; Blaj et al, 2019;). 

Festuca rubra L. and 

Agrostis capillaris L. are co-

dominant species in some 

phytocenoses, and in others one of 

the species becomes dominant, 

depending on temperature, 

nutrients, humidity and soil 

aeration. 

Within this association, 

higher soil and air humidity and 

lower temperatures limit the 

dominance of Agrostis capillaris L. 

and facilitate the predominance of 

Festuca rubra L., in addition to 

which other mesophilic species 

characteristic of mixed hardwood 
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with softwood forests. 

The large altitudinal domain 

in which these meadows are seen, 

the variety of soil conditions, 

exposition, slope, as well as the way 

of use are reflected at the level of 

phytocenoses, by infiltration of 

some characteristic elements to 

other classes of vegetation. Thus, 

long grazing, absence of 

fertilization, severe climatic 

conditions due to stagnation of cold 

air (depression region) led to the 

degradation of these meadows, by 

infiltrating the structure of 

phytocenoses of species 

characteristic of subalpine meadows 

(Potentilla ternata K. Koch, Arnica 

montana L., Hieracium pilosella L., 

Antennaria dioica (L.) Gaertn., but 

mainly Nardus stricta L.), with the 

formation of the subassociation 

nardetosum strictae. 

The soil cover with 

vegetation is up to 100%, in case of 

use as hay (Şarul Dornei). 

The floristic diversity within 

this sub-association is relatively low 

(61 species, in case of use as pasture 

and only 37 species, in case of use 

as pasture). 

 Within these meadows, the 

plants from the Poaceae family 

have a share in the soil cover of up 

to 75-80%, while the Fabaceae 

family participates in a proportion 

of 10-15%, the rest belonging to the 

other botanical families. 

 
MATERIAL AND METHOD 

 

The experiment that is the 

subject of this study was organized 

on a permanent meadow derived of 

Nardus stricta L. from the region of 

Dorna Depression.  

At the Nardus pastures in the 

mountains, surface and 

organizational works are generally 

recommended, as most of these 

meadows occupy lands inaccessible 

to mechanical works, located either 

on flat lands, but on superficial and 

stony soils, or on flat lands, or on 

fast slopes, exposed to erosion 

which is very active in these 

regions. In order to increase the 

productivity of this type of grass 

derived from the studied area and to 

improve the quality of the forage, it 

was considered the observance of a 

pastoral management by applying 

some doses of organic and mineral 

fertilizers.  

For this purpose, a single-

factor experiment was organized in 

2018, based on the method of 

randomized plots, in three 

repetitions, with 11 variants. The 

surface of each variant was 12 m
2
 (3 

x 4 m), and the harvested surface of 

8.75 m
2
 (2.5 x 3.5 m). The total area 

of the experience was 396 m
2
 (33 x 

12 m). 

The experiment had the 

following experimental variants: v1 

- unfertilized (control); v2 - 

abandon; v3 - mulching; v4 - 

N50P50K50  kg·ha
-1 

anually; v5 - 

N100P100K100 kg·ha
-1 

anually; v6 - 

N150P150K150 kg·ha
-1 

anually; v7 - 10 

Mg∙ha
-1 

cattle manure, annually; v8 - 

20 Mg∙ha
-1 

cattle manure, annually; 

v9 - 20 Mg∙ha
-1 

cattle manure, at 2 

years; v10 - 30 Mg∙ha
-1 

cattle 



Stavarache M. et al. 

Romanian Journal of Grassland and Forage Crops (2020) 21                                                   89 

manure, annually; v11 - 30 Mg∙ha
-1 

cattle manure, at 2 years. 

Doses of mineral and 

organic fertilizers established in the 

experimental protocol were applied 

in early spring. 

 The manure applied on the 

studied meadow came from cattle 

and the analysis showed the 

following composition: N-0.445%, 

P2O5-0.212% and K2O-0.695%. 

 In the studied agricultural 

years 2017-2018 and 2018-2019, a 

single harvest was performed on the 

researched meadow, an operation 

performed after a prior 

identification of the groups of 

species and species that totalize the 

studied plant association. 

 The floristic study on the 

existing vegetation was carried out 

using the geobotanical method, by 

identifying in each experimental 

variant the degree of vegetation 

cover, the presence and 

classification of existing species in 

the vegetation by economic groups, 

as well as determining quantitative 

phytocenological indices, including 

abundance and dominance. 

Harvested was done 

manually, in the phenophase of the 

ear formation - flowering beginning 

of the dominant grasses. The 

determination of the production on 

each experimental variant was 

performed by weighing the resulting 

green mass and its reported per 

hectare.   

After determining the dry 

matter (SU) forage content, 

production was expressed in tonnes 

per hectare SU. 

The dry matter content (SU) 

was determined by drying in an 

oven at 103 °C for 3 hours; work 

device: Heat-adjustable oven - 

Venticell 111 I; standard - SR ISO 

6496/2001; The pastoral value (Vp) 

was calculated with the formula:  

       Vp = 
100

  IsA
, where: 

A - the average coverage of 

each species in the floristic 

structure; 

Is - specific forage value 

index, with values between 0 and 5. 

 With the help of the pastoral 

value, the grazing capacity or the 

load with animals was determined 

(Cp):  

Cp = Vp x c (UVM∙ha
-1

), 

where: 

UVM - 500 kg adult cattle; 

Vp - pastoral value; 

c (coefficient) - 0.4-0.6. 

 
RESULTS AND DISCUSSION 

 

 The degradation of the 

meadows is determined by the 

changes that take place in the living 

conditions of the plants and in the 

structure of the vegetation. For a 

long time, no basic management 

measures were applied on the 

permanent meadows in Romania, 

estimating that they could obtain 

efficient yields without 

technological contributions.  

Organic and mineral 

fertilization has a special 

significance for permanent 
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meadows, if their soils have certain 

unfavorable chemical characteristics. 

Researchs to prezent has shown the 

positive effects of manure and 

mineral fertilizers reasonably 

applied to meadows (Common et al, 

1991; Cook et al, 1998; Hejcman et 

al, 2007a; Chidoveț et al, 2013). 

Over time, numerous studies 

have shown the importance of 

applying fertilizers of any kind on 

meadows, which influence their 

productive level, feed quality, and 

cause changes in the structure of the 

vegetation cover (Ionescu et al, 

2010; Vîntu et al., 2011; Tarcău et 

al, 2012; Maruşca et al, 2016).  

The analysis of the average 

dry matter production (DM) (table 

1) in the period 2018-2019, 

highlights the influence of organic 

and mineral fertilization on feed 

production, the proposed 

fertilization variants causing an 

increase in all fertilized variants, 

with significant differences, distinct 

and very significant. We notice that 

the average production achieved in 

the two years of study (2018-2019) 

(table 1), in the unfertilized control 

variant was 1.25 Mg·ha
-1

 DM by 

276.7% lower than the organic 

fertilized variant with 30 Mg·ha
-1

 

DM  cattle manure applied annually 

in which the highest production of 

dry matter was achieved, of 4.69 

Mg·ha
-1

 DM (table 1). 

Among the mineral fertilized 

variants, the lowest production, of 

2.52 Mg·ha
-1

 DM, was registered at 

the fertilization with N50P50K50 

kg·ha
-1 

anually, but which registered 

an increase of production, of 

102.4% compared to the control 

variant (unfertilized) (table 1). In 

the fertilized variant with the 

maximum dose of complex mineral 

fertilizer N150P150K150 kg·ha
-1 

anually, the highest dry matter 

production was obtained, of 4.25 

Mg·ha
-1

 DM of the mineral 

fertilized variants, with a production 

increase of 241.0%. 

Following the data of the 

average production achieved after 

the administration of organic 

fertilizers (table 1), we observe a 

significant increase of the 

production compared to the 

unfertilized variant. Among the 

organically fertilized variants, the 

lowest production, of 2.04 Mg·ha
-1

 

DM, was registered in the variant 

fertilized annually with 10 Mg ha
-1 

cattle manure annually, the 

production increase achieved in this 

variant being 63.5%. 

The application of the dose 

of 20 Mg ha
-1 

cattle manure at 

different time intervals (annually 

and every 2 years) determined the 

obtaining of high productions with 

very significant differences 

compared to the control, the values 

of the realized productions being 

comprised between 2.87 and 3.46 

Mg·ha
-1

 DM (table 1). The average 

dry matter production achieved in 

the organic fertilized variant with 30 

Mg ha
-1 

cattle manure at two years 

was also high, registering an 

average production of  3.55 Mg·ha
-1

 

DM with a production increase of 

184.7% compared to the control 

variant (table 1). 
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Table 1 

The influence of applied management and organic and mineral fertilization 

on the average dry matter production (DM), in the 2018-2019 period  

Experimental plot 

DM 

production 

Mg∙ha
-1

 

Difference 
Statistical 

significance Mg∙ha
-1

 % 

v1 - unfertilized (control) 1.25 Control 100 Control 

v2 - abandon - - - - 

v3 - mulching 1.46 0.21 116.9 ns 

v4 - N50P50K50  kg·ha
-1 

anually 2.52 1.28 202.4 ** 

v5 - N100P100K100 kg·ha
-1 

anually 3.24 1.99 259.8 *** 

v6 - N150P150K150 kg·ha
-1 

anually 4.25 3.00 341.0 *** 

v7 - 10 Mg∙ha
-1 

cattle manure, annually 2.04 0.79 163.5 * 

v8 - 20 Mg∙ha
-1 

cattle manure, annually 3.46 2.21 277.5 *** 

v9 - 20 Mg∙ha
-1 

cattle manure, at 2 years 2.87 1.63 230.5 *** 

v10 - 30 Mg∙ha
-1 

cattle manure, annually 4.69 3.45 376.7 *** 

v11 - 30 Mg∙ha
-1 

cattle manure, at 2 years 3.55 2.30 284.7 *** 

  
LSD 5% 0.72 

  
LSD 1% 0.98 

LSD 0.1% 1.33 

 

The vegetation of the Nardus 

meadows is dominated by Nardus 

stricta L. up to 75-90% (even 

100%) in association with various 

other species (10-25%) among 

which with some valuable grasses 

such as Agrostis tenuis L. and 

Festuca rubra L. In the floristic 

composition the mountain species 

are frequent like: Agrostis tenuis, 

Festuca rubra, Potentilla erecta, 

Chrysanthemum sp., Luzula albida, 

L. multiflora and some species of 

sedge.  

 Given these considerations, 

numerous studies have been 

conducted at national level in 

different locations and have shown 

that fertilization has had a 

significant impact on the 

biodiversity of Nardus stricta 

grasslands, the structure and 

floristic composition of the existing 

vegetation cover being influenced 

by mineral and organic fertilization. 

(Hejcman et al, 2007b; Vîntu et al., 

2011).  

Following the determination 

of the floristic composition of the 

meadow studied in 2019 from the 

Dornelor Depression, the 

determined type is Nardus stricta L. 

In the phytocenosis of the 

unfertilized control variant (V1), the 

Gramineae family has a share of 

89% in the vegetal cover (table 2). 

From the Gramineae group, the 

species with the highest degree of 

participation is Nardus stricta L., 

with 80%, followed by Festuca 

rubra species, with a share of 5% 

and Agrostis tenuis with an average 

coverage of 3%. The share of the 

Fabaceae family is reduced in the 

floristic composition of the studied 

meadow, the share being 1% in the 

phytocenosis of the control, the 

most representative species being 

Trifolium repens (table 2).  
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 The composition and 

floristic structure of the Nardus 

stricta L. meadow is presented in 

table 2. 
 

Table 2 

The influence of applied management and organic and mineral fertilization 

on the floristic structure, in 2019 

Species 
Experimental plot / Coverage (%) 

v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 

Agrostis tenuis 3 + 1 2 5 15 5 5 8 12 17 

Anthoxantum odoratum + + + 6 2 8 15 8 8 2 5 

Briza media 1 1 + 2 1 5 2 - 2 2 3 

Cynosorus cristatus - - - 1 + 2 + + + + + 

Dactylis glomerata + 1 + + - - - - - - - 

Deschampsia caespitosa - - - - + - - + - + - 

Festuca pratensis - - - + 5 2 + + + + + 

Festuca rubra 5 3 2 20 30 20 30 12 40 12 12 

Holcus lanatus - - - - + - - + - + - 

Nardus stricta 80 85 78 5 27 8 23 30 22 22 10 

Phleum pratense + - - 2 + - + + + + + 

Poaceae 89 90 81 38 70 60 80 55 80 50 57 

Lotus corniculatus + - + 2 + - 1 2 2 3 + 

Trifolium pratense + + - 10 15 20 - 18 23 14 7 

Trifolium repens 1 - 1 40 5 8 1 10 10 18 20 

Fabaceae 1 + 1 55 20 28 2 30 35 35 27 

Achillea stricta + + - 2 2 4 10 3 3 + + 

Alchemila vulgaris 1 + + + 1 + + 3 2 2 1 

Chrysanthemum leucanthemum + - + 2 + - - + - - + 

Carex pubescens - + - - - - + - - + + 

Campanula serata + + - + + - + - + + - 

Campanula obietina - - + - + - + - - + + 

Cerastium sylvaticum + - - + + 1 + 1 + - + 

Cruciata glabra + + + + + + + + + 1 + 

Luzula multiflora - - + - - + + + + + + 

Hyeracium pilosella + + - + - + + - 2 + + 

Hypericum maculatum + + - + + + - + + + 2 

Prunella vulgaris + + + + + - + - + - + 

Polygala vulgaris 1 - 1 + - + - + + 4 + 

Plantago lanceolata - + + - + + 1 + + - + 

Potentilla erecta 2 1 1 1 3 2 3 5 3 - 5 

Ranunculus acer - + + - + + + + + + + 

Stelaria graminea + - 1 + 3 3 - + + 2 7 

Taraxacum officinale + + 1 + + + 1 - + 1 + 

Thymus pulegioides 5 + 3 2 1 2 3 3 5 5 1 

Viola declinata 1 + 1 + + + + + + + + 

Veronica officinalis - + + - - - + + - - + 

Veronica chamaedrys - + + - - - - - + + - 

Forbs 10 11 8 7 10 12 18 15 15 15 16 

Coverage % 100 100 100 100 100 100 100 100 100 100 100 

Gaps % 0 0 0 0 0 0 0 2 0 0 0 

Number of species 26 24 25 25 29 24 27 26 29 28 31 
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The various species from 

other botanical families have a 

degree of participation in the 

unfertilized variant, of 10%, of 

which the following species stand 

out: Thymus pulegioides with a 

weight of 5%, Potentilla erecta with 

a coverage of 2% and the species 

Alchemila vulgaris, Polygala 

vulgaris, Viola declinata, all with an 

average coverage of 1% (table 2).  

The number of species 

identified in the control 

phytocenosis is 26 species, namely 

7 species from the Gramineae 

group, 3 species from the Fabaceae 

group and 16 species from the forbs 

group (table 2).  

Analyzing the floristic 

structure of the studied Nardus 

stricta L. meadow (table 2), it 

appears that following the mineral 

and organic fertilization, important 

changes take place in the vegetation 

cover by reducing the share of 

Gramineae species and increasing 

the share of Fabaceae species. 

Thus, in the case of the Gramineae 

family, there is a maintenance of 

their share in the phytocenoses of 

variants V2 (abandon) and V3 

(mulching), and in the other variants 

there is a decrease of up to 38% in 

the case of variant N50P50K50 kg·ha
-1 

anually. From table 2, we find that 

both mineral and organic 

fertilization in different doses 

caused a decrease in the share of 

grasses in the existing vegetation 

cover, more exactly of the dominant 

species Nardus strica L.  

 Organic fertilization of 

different doses resulted in a 

reduction of up to 32-34% in the 

case of variants fertilized with 20 

Mg·ha
-1

 DM cattle manure applied 

annually and 30 Mg·ha
-1

 DM of 

manure applied annually. 

The share of legumes in the 

vegetation cover registered 

important changes under the 

influence of mineral and organic 

fertilizers, increasing the degree of 

participation in most variants, 

reaching a share of up to 55% in the 

case of the variant fertilized with 

N50P50K50 kg·ha
-1 

anually. 

 Also, the share of species in 

various groups has changed, 

reducing in the case of the mineral 

fertilized variant with N50P50K50 

kg·ha
-1 

anually to 7%, but there is 

also a slight increase up to 18% in 

the case of the organically fertilized 

V7 variant with 10 Mg·ha
-1

 DM 

cattle manure applied annually 

(table 2). 

 With the exception of 

variants V3 and V4 in the case of the 

other experimental variants, the 

share of species in the various group 

was higher than their share in the 

control phytocenosis. 

In table 2 you can see the 

degree of participation in the 

floristic composition of the studied 

meadow of the main grass species. 

Speciile cu cea mai mare pondere 

din această grupă au fost Nardus 

stricta, Festuca rubra şi Agrostis 

tenuis. Analyzing the behavior of 

the dominant species Nardus stricta 

L. (table 2) following the 

application of mineral and organic 

fertilization, there is a high decrease 

in the degree of coverage in 

fertilized variants, the share of the 

species decreases with increasing 
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doses of fertilizer, reaching 80% 

unfertilized variant (control), at 5-

8% in the case of mineral fertilized 

variants with N50P50K50 kg·ha
-1 

anually and N150P150K150 kg·ha
-1 

anually. 

The decrease of the share of 

the dominant species in the 

vegetation cover, determined the 

significant increase of some 

valuable grass species.  

 The species Festuca rubra 

L. from the simple presence in the 

control phytocenosis, of 5%, 

reached a share between 12% and 

40% in the case of fertilized 

variants, responding favorably to 

the application of mineral and 

organic fertilizers. Also, the 

Agrostis tenuis L. species increased 

its degree of participation in the 

vegetation cover as a result of the 

application of organic and mineral 

fertilizers, its share reaching up to 

17% in the case of the organic 

fertilized variant with 30 Mg·ha
-1

 

DM cattle manure applied at 2 

years. 

 The evolution of the main 

legume species in the vegetation 

cover was strongly influenced by 

the applied mineral and organic 

fertilization (table 2). Thus, the 

species Trifolium repens L. 

registered a significant increase with 

the change of the fertilization 

variant, from 1% in the case of the 

unfertilized variant to 40% in the 

case of the mineral fertilized variant 

with N50P50K50 kg·ha
-1 

anually. 

Also, an ascending trend in 

terms of the share in the vegetal 

carpet had the species Trifolium 

pratense L. as a result of the applied 

fertilization, from a simple presence 

(+) in the case of the unfertilized 

variant, reaching up to 23% in the 

case of the fertilized variant with 20 

Mg·ha
-1

 DM cattle manure, applied 

at 2 years (table 2). The application 

of mineral and organic fertilizers 

also favored the increase of the 

share of Lotus corniculatus L. 

species in the studied meadow, the 

best degree of coverage (3%) being 

registered in the organic fertilized 

variant with 30 Mg·ha
-1

 DM cattle 

manure, applied annually. 

From the forbs group, the 

species with a high weight that is 

part of the vegetation cover, 

following the mineral and organic 

fertilization, are: Achillea stricta 

whose share has increased 

significantly, from a simple 

presence in the control variant to 

10% in the case of the fertilized 

variant 10 Mg·ha
-1

 DM cattle 

manure, applied annually (table 2), 

Potentilla erecta with a share of 1-

5% and Thymus pulegioides species, 

with the same share of 1-5% 

depending on the fertilization 

variant. 

The application of mineral 

and organic fertilizers favored the 

installation of new species in the 

vegetation cover of the Nardus 

stricta L. meadow, the number of 

species increasing from 26 species 

in the unfertilized variant to 31 

species in the variant fertilized with 

30 Mg·ha
-1

 DM cattle manure, at 2 

years (table 3).  

From the analysis of the 

influence of organic and mineral 

fertilization on the pastoral value 

and grazing capacity (table 3), we 
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can see how the applied fertilization 

determined the increase of pastoral 

value due to the increase of the 

share of species with high forage 

value that enters the vegetation. 

Thus, the pastoral value registered a 

significant increase, from 1.28 to 

4.14 in the case of the variant 

fertilized with 20 Mg·ha
-1

 DM cattle 

manure, applied at 2 years. Also, the 

grazing capacity of the studied 

meadow increased significantly 

from 0.64 UVM∙ha
-1

 to 2.07 

UVM∙ha
-1

 in the case of the variant 

fertilized with 20 Mg·ha
-1

 DM cattle 

manure, applied at 2 years.

Table 3 

The influence of applied management and organic and mineral fertilization 

on the pastoral value and grazing capacity 

 
Experimental plot 

v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 

Number of 

species 
26 24 25 25 29 24 27 26 29 28 31 

Vp 1.28 1.06 0.99 3.68 3.04 3.29 2.09 2.68 4.14 3.05 2.82 

Cp (UVM∙ha
-1

) 0.64 0.53 0.50 1.84 1.52 1.65 1.05 1.34 2.07 1.53 1.41 

  

CONCLUSIONS 
    

The meadows of Nardus 

stricta L., being among the most 

degraded pastures in our mountains, 

have been a special concern in 

knowing their economic value. 

 The fertilization applied 

either of mineral or organic nature 

had a favorable effect on the 

increase of the production of dry 

matter in the studied period (2018-

2019) the level of the realized 

productions being differentiated 

according to the doses and the type 

of fertilizer. 

 The study showed that 

fertilization had a significant impact 

on the biodiversity of Nardus stricta 

L. meadows, the structure and 

floristic composition of the existing 

vegetation being influenced by 

mineral and organic fertilization and 

the applied dose. 

The application of mineral and 

organic fertilizers favored the 

installation of new species in the 

vegetal carpet of the Nardus stricta 

L. meadow and determined the 

increase of the pastoral value of the 

studied meadow as a result of the 

increase of the share of species with 

high forage value that enters the 

vegetation. 

Based on the study, it turns 

out that the fertilization of Nardus 

stricta L. meadows is the most 

effective measure in the mountains 

both for improving and combating 

them; through systematic 

fertilization, Nardus stricta L. 

meadows are transformed into other 

types of productive meadows, by 

significantly increasing the 

productivity and the degree of 

participation in the vegetation of 

species with high forage value.
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