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Traditidional grassland management in Apuseni Mountains led to a high 

biodiversity of the grassland ecosystems. The highest risk for the future is the 

abandonment of these grasslands. In order to maintain and conserve these 

grassland systems the identification of new sustainable alternatives is required 

also from the economical point of view. An experiment was installed, in Apuseni 

Mountains (Romania), in 2009, meant to compare the effects of mowing, 

mulching, organic fertilization with mulching and abandonment on oligotrophic 

grasslands. The research was performed by following the influence of mulching 

and mineral fertilizing in small quantities and at various time intervals upon 

phytodiversity and dry matter yield of Agrostis capillaris L. - Festuca  rubra L.  

grassland type  in  the Apuseni Mountains. The highest number of species was 

influenced by organic fertilization combined with mulching. To maintain Agrostis 

capillaris L. - Festuca rubra L. phytocoenosis, the following treatments can be 

taken into account: organic fertilization combined with mulching, mowing, 

mulching.  
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INTRODUCTION 

  

Grasslands like continental 

steppes, alpine and coastal 

grassland are natural vegetation 

types in Europe, while the 

majorities are semi-natural, 

originated from long-term land 

use as pastures and meadows. 

The major changes in grassland 

management led to the loss of 

traditional grassland management 

in Central Europe during the 19
th

 

century, involving the 

grasslands‘ biodiversity decrease 

and the abandonment of the 

unfavorable areas (Isselstein et 

al., 2005; Poschlod et al., 2009). 

The semi-natural grassland 

ecosystems are among the most 
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species-rich habitats in Europe 

and comprise certain habitats 

with extreme species richness at 

small scales (Habel et al. 2013) 

where the presence of extensive 

practices allows formation of 

habitats with a specific 

biodiversity (Burel and Baudry, 

1995).  

While in Western Europe, 

the remained fragments of 

biodiversity-rich grassland are 

managed mainly within the 

Common Agricultural Policy, 

which aims to ensure their 

management continuity with 

sufficient quality in ecological 

terms, until then in Central and 

Eastern Europe grassland use is 

still based on local traditions and 

knowledge, largely in subsistence 

farming, even in the presence of 

agricultural policies (Dahlström 

et al., 2013). 

Differences on land use and 

landscape developments between 

Southern Black Forest and 

Central Apuseni Mountains were 

highlighted by Reif et al., (2008). 

They pulled a warning sign not 

only for the preservation of 

cultural landscapes heritage, but 

implicit for preserving 

oligotrophic grassland through 

utilization in a traditional way. In 

Apuseni Mountains (Romania) 

large areas of oligotrophic 

grasslands were maintained by 

applying an extensive and 

traditional management over a 

long time period, where the most 

important links were organic 

fertilizers and mixed use (Gârda, 

2010). The main economic 

resource (wood resources) of the 

region suffers a drastic and 

continuous decline which entails 

the depopulation of the area. 

Despite the existence of subsidy 

programs, areas of oligotrophic 

grasslands are abandoned.  

Many of the grassland 

habitat types are the subject of 

conservation in different 

protected areas in different ways. 

In Central Apuseni Mountains 

there are overlapped two types of 

protected areas related directly or 

indirectly to grassland 

management and conservation: 

the Apuseni Natural Park (75.784 

ha) and the Natura 2000 site - 

Apuseni (75.943 ha). There are 

described 10 different grassland 

habitat types (Standard Form), 

the most important for our topic 

are: Mountain hay meadows 

(6520) and Species-rich Nardus 

grasslands on siliceous 

substrates in mountain areas 

(6230 - habitat of priority 

interest). At this moment there 

are no clear conservation 

measures/solutions for these 

grasslands. The risk for grassland 

biodiversity loss along with 

cultural heritage and traditional 

farmland systems in Apuseni 

Mountains is amplified by the 

fact that authorities both in 

biodiversity conservation and 

rural development have 

difficulties in legislative 

framework‘s implementation. 
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This creates in many cases 

pressure on farmers and often led 

to abandonment of low 

productive grasslands despite the 

existence of subsidy schemes. 

Thus, the identification of 

new, viable and low-cost 

alternatives is required, in order 

to maintain and conserve these 

grassland ecosystems, combining 

traditional management elements 

with new ones for the region. 

Mulching could be an 

inexpensive alternative for the 

conservation of spices rich semi-

natural grasslands (Tonn and 

Briemle, 2010). In Gârda de Sus 

Commune long-term agronomic 

research activities taking place 

following the effects of different 

type and doses of fertilizers on 

grassland ecosystems (Păcurar et 

al., 2012), the effect of mowing, 

mulching, mulching combined 

with fertilizing on grasslands 

(Bogdan, 2012). Other related 

researches have been carried out 

on the landscape elements of the 

area (Gârda, 2010) and 

traditional management practices 

on oligotrophic grasslands 

(Morea, 2008). Unfortunately the 

results of these researches are 

used only at scientific level at 

this moment. For the success of 

proper conservation, the results 

quickly have to be integrated in 

the different conservation actions 

of the protected areas‘ 

administrative board, mentioned 

before. 

The aim of the research was 

to follow the effects of mowing, 

mulching, organic fertilization 

combined with mulching and 

abandonment on plant species 

composition of Agrostis 

capillaris L. - Festuca rubra L 

grassland and to identify new 

solutions for maintenance and 

conservation of these grassland 

ecosystems. 

 

 

The experiment started in 2009 

in Poienile Ursului (1349 m), 

Ocoale Village, Gârda de Sus 

Commune, Apuseni Mountains, 

using a randomized block design 

with 7 treatments in 5 

replications. 

 

  

MATERIALS AND METHODS 
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Table 1  

Investigated treatments 

Treatments Abbreviations Applied treatments 

T1 Mo - control Mowing once per a year in end of July - traditional 

(normal) period for hay making by locals 

T2 Mu Mulching once per a year in July 

T3 Mu+1Ma 

5t/ha 

Mulching once per a year in July and fertilization with 

5t/ha manure, annually 

T4 Mu+1/2Ma 

5t/ha 

Mulching once per a year in July and fertilization with 

5t/ha manure, once in two years 

T5 Mu+1/2Ma 

10t/ha 

Mulching once per a year in July and fertilization with 

10t/ha manure, once in two years 

T6 Mu+1/3Ma 

10t/ha 

Mulching once per a year in July and fertilization with 

10t/ha manure, once in three years 

T7 Ab Abandonment 

 

Cattle and horse manure 

was applied in early springtime 

on the plots, according to the 

treatments. The floristic 

composition was interpreted by 

Braun - Blanquet method (Braun-

Blanquet, 1932) when the 

Poaceae species were in flower 

(in July, 2012) and after that the 

plots were mulched once in every 

year, in the same time with 

traditional mowing period.  

To evaluate the effects of 

applied treatments on vegetation 

from statistical point of view we 

used used STATISTICA by 

StatSoft. The analysis of variance 

was performed by Breakdown 

and One-Way ANOVA type. 

Based on F and p values was 

determined the species to which 

treatments were performed 

highest effect, based on the 

average abundance-dominance of 

the species. To analyze in detail 

the effect of treatment we used a 

comparative analysis, Post-hoc, 

the Fisher LSD type. The choice 

of this test was based on the 

ability to highlight significant 

differences between the 

experimental variants. Floristic 

data processing was performed 

with PC-ORD version 6, which 

use the multivariate analysis of 

the ecological data entered into 

the spread sheet. This program 

focuses on nonparametric tools, 

on graphics, randomization tests, 

bootstrapped confidence intervals 

for analysis of community data 

(McCune and Grace, 2011). For 

data processing and 

interpretation we used 

multidimensional scaling (NMS) 

which is well suited to data 

coordination that are not normal 

or stairs arbitrary, discontinuous, 

or otherwise questionable (Peck, 

2010).  
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This paper summarizes 

the results of the 5
th

 experimental 

year, showing the effect of 

treatments on plant species 

composition of grassland. NMS 

was carried out several times in 

autopilot mode, in order to 

minimize the stress. Distance 

measurement was done with 

Sorensen (Bray - Curtis). The 

recommended solution for data 

presentation was tridimensional. 

The coefficient of determination 

(r2) for the correlations between 

ordination distances and 

distances in the original n-

dimensional space was 0.740 

(Axis1 - 0.421; Axis2 - 0.169; 

Axis3 - 0.151). NMS applied on 

the plots level didn‘t show any 

significant results, reason why 

we chose not to present those 

results within these paper. The 

data regarding to productivity 

were processed with   Polifact, 

using the Duncan test. 

Following the hypothesis 

that traditionally managed 

oligotrophic grasslands sites are 

in functional equilibrium, we ask 

which management treatment 

will yield communities whose 

floristic composition are most 

similar to the traditional 

management regime. The aim of 

the study was to identify the 

suitability of different 

management techniques to retain 

these oligotrophic grasslands 

productivity and to maintain their 

high biodiversity. 

 
RESULTS AND DISCUSSIONS 

 

Changes in vegetation 

determined by different 

treatments, took place within the 

Agrostis capillaris L. - Festuca 

rubra L. phytocoenosis. 

Statistically significant 

experimental factors which 

explain the changes in floristic 

composition are: mowing, 

abandonment, mulching, organic 

fertilization combined with 

mulching (Fig.1a, Fig.1b).  

Axis 1 is correlated with 

organic fertilization combined 

with mulching (r = -0.395), Axis 

2 with mowing (r = 0.317) and 

abandonment (r = - 0.317) and 

Axis 3 with organic fertilization 

combined with mulching (r = - 

0.555) and mulching (r = 0.449). 

The gradual increase of organic 

fertilizers dose combined with 

mulching determines the increase 

in share of the following species: 

Agrostis capillaris L., Plantago 

lanceolata L., Rhinanthus minor 

L., Rumex acetosa L., Veronica 

chamaedrys L., etc. Similar 

results have been obtained by 

Gaisler et al. (2004), where the 

species Veronica chamaedrys L., 

Hypericum maculatum Crantz, 

etc. were favoured by mulching 

once a year and Agrostis 
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capillaris L., Plantago 

lanceolata L., Rumex acetosa L., 

Trifolium pratense L. were 

favoured by mulching three times 

per year. Veronica chamaedrys 

L. presents a relative tolerance 

for shadow conditions and being 

able to resist also under a dense 

layer of litter (Pavlů et al., 2003) 

and Rhinanthus minor L. is 

characteristic of species rich 

semi-natural grasslands with low 

productivity (Ellenberg et al., 

1991), being well known for 

taking advantage of hosts with 

high concentration in N 

(Ameloot et al., 2008).  

The application of 

organic fertilizers combined with 

mulching led to a decrease in the 

percent of participation of the 

following species: Arnica 

montana L., Centaurea mollis 

Waldst. et Kit., Festuca rubra L., 

Polygala vulgaris L., Silene 

nutans L., Thymus pulegioides L. 

Mowing favours Colchicum 

autumnale L., Euphrasia 

officinalis L., Ranunculus acris 

L. and Trollius europaeus L.  

The abandonment 

determines the accentuated cover 

of Hieracium aurantiacum L., 

Lotus corniculatus L., and Viola 

tricolor L. The abandonment, 

even it didn‘t show a strong 

influence on vegetation, is not 

considered as a viable solution 

because it has been scientifically 

proved that on long term may 

produce profound changes.  

In our experiment 

mulching and/or fertilization 

combined with mulching favour 

Trifolium repens L. and 

Trifolium pratense L. (Fig. 1b).  

Effects of mulching in 

particular on species level are 

very low felt. Mulching should 

be an acceptable solution, 

especially for already abandoned 

grasslands, because could 

prevent the return of woody 

species (Gaisler et al., 2011). 
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Figure 1a. Influence of the treatments on plant species composition   

(Axis 1 and Axis 2)

 

Figure 1b. Influence of the treatments on plant species composition   

(Axis 1 and Axis 3) 
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The cover of the dominant 

species Agrostis capillaris L. 

(21.5%) slightly increased its 

cover under the influence of the 

applied treatments, mostly at the 

Mu+1Ma 5t/ha, followed by the 

Mu+1/3Ma 10t/ha and 

Abandonment. The Mu (18.25%) 

and Mu+1/2Ma 5t/ha (17.5%) 

caused the decrease of this 

species cover in experimental 

fields. The differences have no 

statistical assurance.  

    The codominant species 

Festuca rubra  L. (16.25%) 

decreased its share to 10% under 

the treatment Mu+1/2Ma 10t/ha, 

where the differences are very 

significant. The participation of 

the Poaceae group is 40.05% 

(control) and fluctuates slightly 

with no statistically assured 

differences. The Fabaceae 

recorded distinctly significant 

5t/ha (12%), Mu+1/2Ma 5t/ha 

(11.70%), Mu+1/2Ma 10t/ha 

(10.75%), Mu+1/3Ma 10t/ha 

(11%) and significant differences 

in abandoned plots (Ab). The 

changes in the group of 

Cyperaceae and Juncaceae 

weren‘t significant.  

 Plants from other 

botanical families (OFB) reduced 

their share from the 58.15%, at 

most to 46.35% (Mu+1Ma 5t/ha) 

with statistically significant 

differences.  

 The number of species 

(S) fluctuates slightly in 

comparison with the control, 

increasing under Mu and Ab, but 

without statistical assurance. 

Given the Shannon diversity 

index (H) we could observe that 

compared to control, the 

treatment Mu had significant 

influence on the diversity of 

 
    

 

 

 

 

 

 

 

 

 

 

differences under the Mu+1Ma experimental plots (Table 2). 
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Floristic structure under the influence of organic inputs combined with mulching 

 

Treatments 
Grassland 

Type 

Dominant 

and 

codominant 

species 

Economic groups Phytodiversity 

A.c. F.r. P F CJ OBF S H 

Mo - 

control 
A.c-F.r 

21.50 16.25 40.05 2.20 0.30 58.15 29.60 2.4568 

C. C. C. C. C. C. C. C. 

Mu A.c-F.r 
18.25 16.25 33.75 4.20 0.50 57.60 33.00 2.6300 

ns ns ns ns ns ns ns * 

Mu+1Ma 

5t/ha 
A.c-F.r 

23.50 13.75 40.00 12.00 0.20 46.35 29.40 2.5574 

ns ns ns *** ns  ns ns 

Mu+1/2Ma 

5t/ha 
A.c-F.r 

17.50 13.75 34.00 11.70 0.30 49.35 28.40 2.5836 

ns ns ns *** ns ns ns ns 

Mu+1/2Ma 

10t/ha 
A.c-F.r 

21.50 10.00 33.80 10.75 0.30 50.05 28.80 2.5584 

ns  ns *** ns ns ns ns 

Mu+1/3Ma 

10t/ha 
A.c-F.r 

22.25 16.25 41.70 11.00 0.20 52.60 28.40 2.6050 

ns ns ns *** ns ns ns ns 

Ab A.c-F.r 
22.25 13.75 36.95 7.70 0.50 57.15 30.80 2.5956 

ns ns ns * ns ns ns ns 

Ac = Agrostis capillaris L., Fr = Festuca rubra L. P = Poaceae, F = Fabaceae CJ 

= Cyperaceae and Juncaceae, AFB = other botanical families, S = number of 

species, H = Shannon Index, Ac-Fr = Agrostis capillaris L.-Festuca rubra L., D 

= Dominant, CD = Codominant, Phytodiv.=Phytodiversity, Typ=Meadow type,T 

= treatment, C. = control/witness, 

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

<0.001 

 

 

The applied treatments 

the productivity of experimental 

plots and maintained the level of  

 
 

 

 

 

 

 

Table 2 

have no significant effects upon productivity (Table 3). 
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The influence of the treatments on the dry matter yield (D.M.) 

Treatments 

(variants) 

t/ha 

D.M. 
% 

Differences 

 

Significance 

 

Classification 

Duncan test 

Mo - control 1.16 100.0 0.00 Mt. AB 

Mu 0.86 74.5 -0.30 - A 

Mu+1Ma 5t/ha 1.30 112.2 0.14 - AB 

Mu+1/2Ma 5t/ha 1.10 94.7 -0.06 - AB 

Mu+1/2Ma 10t/ha 1.41 121.4 0.25 - B 

Mu+1/3Ma 10t/ha 1.22 105.2 0.06 - AB 

Ab - - - - - 

DL(p 5%) – 0.32; DL(p 1%) – 0.44 ; DL(p 1%) – 0.59   

* - significant differences 

 
CONCLUSIONS 

 

After a study undertaken 

over a period of 5 years, the 

experimental factor which 

showed an influence on the 

highest number of species was 

the organic fertilization 

combined with mulching, while 

mulching had the lowest 

influence. To maintain Agrostis 

capillaris L. - Festuca rubra L. 

phytocoenosis, the following 

treatments can be taken into 

account: organic fertilization 

combined with mulching, 

mowing and mulching. A 

particular attention should be 

paid to organic fertilization 

combined with mulching, 

because intensification of this 

factor could have an influence on 

high number of species. 

The applied treatments 

maintained the productivity of 

the oligotrophic grasslands at the 

same level as at the case of 

control was. 
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