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Abstract 

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

the town of Ciacova, Timiş County, as a result of the pressure exerted by some direct 

factors (ecological factors) and indirect factors (geographical setting, grassland 

management). Mathematical modeling helps in the multidimensional approach to the 

characteristics of grasslands. By including statistics and Krighinc modeling technique, 

we were able to formulate a diagnosis of the grassland in Ciacova.  The grassland 

analysed (site ROSCI0346) is located in the Pannonian bio-geographical area, in the 

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

Natura 2000 European Ecological Network. Ciacova grassland (site ROSCI0346) is 

characterized by some phytocoenoses with distinct characteristics: 1.C - Elymus repens 

(L.) Gould, Cynodon dactylon (L.), Festuca pseudovina Hackel; 2.C - Festuca 

pseudovina Hackel, Puccinellia distans (L.) Parl. ssp. limosa (Schur) Jáv. and 

Bupleurum tenuissimum L.; 3.C - Typha latifolia L.; 4.C - Festuca pseudovina Hackel  

and 5.C - Lolium perenne L., Bromus arvensis L. and Festuca pseudovina Hackel. The 

area under analysis presents a mosaic-like aspect in what its characteristics are 

concerned. Although from the point of view of coverage grasses are dominant, plants 

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

(AFB). There is low pastoral value: on a scale from 0 to 5, the values range from 1.71 

to 2.36. As with the other aspects under analysis, fodder yield (fresh fodder) is not the 

same in all areas under analysis. Overall, it is very low (average yield – 4.76 t.ha-1), 

which is the effect of poor management (under grazing or overgrazing) and of other 

factors (climate, soil). Urgent management measures are required.  
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INTRODUCTION  

By their multifunctional 

role, grasslands offer a large number 

of environmental services 

(SANDERSON et al., 2007; 

LEMAIRE et al., 2005). These 

services include direct functional 

benefits in an agricultural context, 

such as biodiversity conservation, 

soil protection and resistance 

against climate change (WEIGELT, 

2009). Most of these studies focused 

on grassland diversity and found 

that higher diversity leads to 

increased productivity (TILMAN et 
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al., 1997, HECTOR et al., 2005; 

ROSCHER et al., 2009; 

CARDINALE et al., 2007). 

Plant communities, as the 

main structural element of grassland 

ecosystems, are distinguished by a 

multifunctional role in the formation 

of the agrarian landscape. The 

diversity of plants found in 

grasslands is important in the 

economic, aesthetic and, doubtfully, 

ecological sense (GYTAUTAS et 

al., 2013).  

“The development of 

mathematical logistics in the second 

half of the 20th Century, with its 

direct practical application in the 

intensification of computer science, 

led to an inclusion of mathematical 

techniques in the most varied 

sectors of human life, from 

theoretical sciences to applicative 

and administrative sciences. 

Consequently, there is no question 

whether starting from the natural 

object under analysis and ending 

with its conceptual representation, 

mathematical modelling was an 

essential stage, which now can offer 

humans better knowledge on the 

material systems in the Universe” 

(PUIA. et al., 2001). 

The paper approaches model 

as a “tool”, the realization of which 

should not be considered as an 

element indispensable for the study 

of grassland ecosystems. By “tool” 

we mean equipment used for 

measurements, procedures for 

collecting this information, as well 

as the norms for interpreting these 

data (ANSQUER PAULINE, 2006, 

BÂRLIBA, 2011) 

Models can offer a synthesis of data 

which can be used afterwards for 

extrapolation and prediction 

(THORNLEY et FRANCE, 1994, 

THORNLEY et JOHNSON, 2000).

 
 MATERIAL AND METHOD  

The site under study 
Ciacova grassland (site 

ROSCI0346) is located in the 

administrative territory of the town 

of Ciacova, Timiș County, and in 

2011 it was declared as site of 

community interest, part of Natura 

2000 European Ecological Network. 

The grassland covers 35.26 ha 

(Order 2387/2011, of Natura 2000 

Standard Form).  

The site location based on the data 

in Natura 2000 Standard Form is the 

following:  N 450.29’44’’ latitude, E 

2107’32’’ longitude, a.s.l. (minimum 

-74 m, maximum -82 m, average -

78 m), in the Pannonian bio-

geographical region.   

Data analysis 

For investigating vegetation, 

the geo-botanical method is the 

most widely used (BRAUN-

BLANQUET, 1964). 

Based on field data, floristic 

surveys were made, which were 

used for establishing the following 

characteristics of vegetation: 

floristic composition and number of 

species.  

Agronomical aspects were 

also determined, such as: AG – 

degree of coverage (%),  G – 
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percentage of grasses in the 

grassland (%); L – percentage of 

legumes in the grassland (%); AFB 

– percentage of plants from other 

botanical families in the grassland 

(%); VP – pastoral value and PUP – 

useful yield (t ha-1 fresh fodder). 

Ciacova grassland (site 

ROSCI0346) is characterized by 

some phytocoenoses with distinct 

characteristics: 1.C - Elymus repens 

(L.) Gould, Cynodon dactylon (L.), 

Festuca pseudovina Hackel; 2.C - 

Festuca pseudovina Hackel, 

Puccinelia distans (L.) Parl. ssp. 

limosa (Schur) Jáv. and Bupleurum 

tenuissimum L.; 3.C - Typha 

latifolia L.; 4.C - Festuca 

pseudovina Hackel  and 5.C - 

Lolium perenne L., Bromus arvensis 

L. and Festuca pseudovina Hackel. 

The communities from the 

vegetation cover under investigation 

were not defined as associations, 

due to the relatively high degree of 

anthropization of most grassland 

areas under study. Thus, we 

considered it necessary to mention 

the dominant species.  

 

Statistical analysis 

Statistical evaluation of data 

was made with the software MVSP 

3.1. and PAST. 

Print analysis is a method 

that represents the areas described 

by the values found, which allows 

of simplified visualization of 

general characteristics and 

individualized printing 

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

ca/StatWork_11.pdf).  

Principal component 

analysis (PCA) is a type of 

mathematical modelling that allows 

the selection of the important 

characteristics, reducing the 

complexity of data (data reduction), 

highlighting and fixating the pattern 

for associations (correlations) 

among variables. 

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

ca/StatWork_11.pdf) 

The methods for spatial 

interpolation are stochastic methods, 

among which Kriging is the best 

known. The Kriging algorithm 

calculates the weight of the 

measured points and allows 

specialists to predict values for 

locations where no measurements 

were made. These weights are not 

only measured based on the distance 

between points, but also on the 

variation of the measured points 

depending on the distance. The 

Kriging process is made up of two 

parts, namely analysis of this spatial 

variation and calculation of the 

predicted values. (EPA-454/R-04-

004, Developing Spatially 

Interpolated Surfaces and 

Estimating Uncertainty, November 

2004, 

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

lstudies/dsisurfaces.pdf) 
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RESULTS AND DISCUSSIONS 

The vegetation of the 

analysed grasslands is not 

homogenous, thus we have 

considered for analysis each vegetal 

community separately. In this way 

we had analysed some agronomical 

aspects, based on the relevés made. 

The analysed vegetation swards 

were the following:   1.C - Elymus 

repens (L.) Gould, Cynodon 

dactylon (L.), Festuca pseudovina 

Hackel; 2.C - Festuca pseudovina 

Hackel, Puccinelia distans (L.) Parl. 

ssp. limosa (Schur) Jáv. and 

Bupleurum tenuissimum L.; 3.C - 

Typha latifolia L.; 4.C - Festuca 

pseudovina Hackel  and 5.C - 

Lolium perenne L., Bromus arvensis 

L. and Festuca pseudovina Hackel. 

The analysed area is used for 

extensive sheep and cattle grazing.   

Research in this field 

(GUTAUSKA et, ŠLEPETIENĖ, 

2004) showed that, in the long term 

researches, grassland ecosystems 

management through extensive 

grazing has led to an increase in the 

number of plant species, and to 

improvement in soil parameters. 

The vegetation in the area 

under analysis presents different 

coverage on different soil surfaces. 

Thus, in Festuca pseudovina 

Hackel, Puccinelia distans (L.) Parl. 

ssp. limosa (Schur) Jáv. and 

Bupleurum tenuissimum L. 

phytocoenosis, as the area is 

characterized also by a patch of 

salty soil (2.C), the general coverage 

is 50%, while in phytocoenoses of 

Typha latifolia L. (3.C) and  Festuca 

pseudovina Hackel  (4.C), the 

coverage degree is 100%. 

Figure 1.A presents the 

prints of the areas unfolded by the 

values corresponding to the surveys 

from Ciacova, and figure 1.B 

displays the markers for graphical 

printing, together with the general 

distribution characterizing grassland 

uniformity based on individual 

relevés.
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Fig. 1. Ciacova grassland fingerprints 

Legend: R = surveys (1, 2, 3, 4, 5); 1.C – 5.C = surveys of Ciacova grassland; AG = 
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general coverage [%]; G = percentage participation of grasses, [%]; L = percentage 

participation of legumes, [%]; AFB = percentage participation of species from other 

botanical families, [%]; VP= pastoral value, PUP = potential useful yield [t.ha-1]; 

 

Figure 1 shows that the area 

under analysis presents a mosaic-

like aspect in what its characteristics 

are concerned. Although from the 

point of view of coverage grasses 

are dominant, plants from other 

botanical families are dominant in 

what the number of species is 

concerned (AFB). The Typha 

latifolia L phytocenosis (3.C) is 

characterized by a very high 

percentage of species from other 

botanical families - 71.8% of the 

total number of species, it being 

undergrazed (figure 1). 

 The sward includes several 

leguminous, which represents 10 -

15% out of the total number of 

species. Nevertheless, legumes 

represent only 0.92 - 4% as 

coverage. Festuca pseudovina 

Hackel phytocoenosis (2.C) is an 

exception, in that leguminous are 

absent.   

Grassland productivity 

depends on the functional 

composition of the plant 

community, the presence of legumes 

being very important (WEIGELT, 

2009). 

The pastoral value of the 

grasslands is low on all areas under 

study. The highest pastoral value 

(VP = 2.37), was determined in 

Lolium perenne L., Bromus arvensis 

L. and Festuca pseudovina Hackel 

phytocoenosis (5.C). This was 

followed by Elymus repens (L.) 

Gould, Cynodon dactylon (L.), 

Festuca pseudovina Hackel 

phytocoenosis (1.C); where the 

reported pastoral value was 1.71, on 

0 - 5 scale. 

 As in the case of the other 

analysed aspects, the fodder (fresh 

fodder) yield is different in the 

analysed swards, overall being very 

low (average yield – 4.76 t.ha-1), as 

a result of poor management 

(overgrazing), and other factors 

(climate, soil).  

The highest fresh fodder 

yield (8.87 t.ha-1) was found on the 

sward dominated by Lolium perenne 

L., Bromus arvensis L. and Festuca 

pseudovina Hackel.  (5.C). 

The analysed grassland is 

characterized by overgrazing during 

summer, which leads to the 

diminishing of the participation and 

even disappearance of the valuable 

species in the grassland. 
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Fig. 2. Graphical representation of parameters logarithmic data of Ciacova surveys 

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

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

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

other botanical families, [%]; VP= pastoral value, PUP = potential useful yield 

[t.ha-1]; 

 

Figure 2 is highlighting the 

same trend of the pastoral value 

(VP) and the fodder yield (PUP). In 

the same way, the AFB parameter 

(species from other botanical 

families) is correlated with the 

degree of land coverage (AG) on the 

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

Figure 3 reveals the great 

difference between survey 2.C 

situated in the 4th quadrant and the 

other surveys analysed, represented 

in the 1st quadrant; this difference is 

explained by the low (50%) grasses 

coverage degree (AG) and by the 

lack of legumes in the vegetal cover, 

which is described as overgrazed 

cover of salty land.   

Regarding the spatial 

interpolation of the data 

corresponding to the participation 

percentage of the grasses, legumes 

and other botanical species in the 

selected surveys. (figure 4). 

 
Fig. 4. Spatial interpolation of data based on Krigging algorithm 

Legend: 0x axis: participation of grasses [%]; 0y axis: participation of legumes [%]; 

0z: participation of other botanical species [%] 

 

The figure 4 shows that 

swards 1.C and 4.C have similar 

participation percentages (G, L and 

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

placed in the area with lighter 

colours. The grassland swards 3.C 

and 2.C are different. Sward 3.C 

presents the highest percentage of 

legume participation in the 

vegetation cover (15.38 %), the 

lowest percentage of grasses 

participation (12.82%) and the 

highest percentage of participation 

of other botanical species (71.8%). 

Sward 2.C is clearly distinguishable 

from the other swards, its colour 

being given by the participation 

degree of AFB (54.55%), lower than 

in the other species communities. 

Management plays a very 

important role in the grassland 

ecosystem, which must keep a 

balance, avoiding overgrazing as 

well as under grazing, both having 

unwanted ecological and economic 

effects. 
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Some studies (DORIOZ et 

al., 1991) link this information to 

the practice effect and with the “use 

value” (VU). In this situation, the 

recommendations regarding the 

management of these grasslands are 

to be adjusted depending on the 

objective targeted by the farmers 

(ANDERSON and BRISKE, 2003, 

BÎRLIBA, 2011).

 
CONCLUSIONS 

Assessment of the grassland 

vegetation cover through statistics 

and Krighinc modelling gave us the 

possibility to diagnose the grassland 

in Ciacova, in order to offer 

solutions for its better management.   

Thus, the vegetation on the 

analysed grassland swards presents 

a mosaic-like structure, and the 

yield is not uniform, as a result of 

poor management: overgrazing, 

undergrazing, lack of maintenance 

works, ecological limitations (such 

as low fertility of the soil, summer 

drought etc.).  

The overgrazing during 

summer has led to the diminishing 

and even the disappearance of the 

valuable species from the grassland, 

which is highlighted by the low 

pastoral value.   

Under these circumstances, 

the following measures are required: 

balancing the animal load, 

practicing rational grazing through 

separating the area into plots of 

land, which would give the 

possibility to perform current 

maintenance on the grasslands. 
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