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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 
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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 



Stavarache M. et al. 

Romanian Journal of Grassland and Forage Crops (2020) 21                                                   93 

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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