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Abstract  
 The semi-natural grassland from the Bucegi mountains have resulted from 

deforestation of bushes (Pinus mugo) and spruce small forests (Picea abies) for extending 

the grazing areas, especially for sheep. On such grassland dominated by Nardus stricta 
over 60%, in 1995 at 1800 m altitude, an experimental field was set up, where the effect 

of improvement measures on cow milk production was studied. After 20 years of rational 

using with cows (1996-2015) of the different grassland improvement variants, milk 

production per hectare has increased more than 5 times on the sown grassland and 3-4 
times the semi-natural grassland. Due to the long residual effect of the improvement 

variants, the studies have focused on the grass and milk quality. The dry matter yield for 

sown grassland on average for 3 years (2016-2018) is 4.67 t/ha with very significant 
differences compared to control plot (2.12 t/ha), under a good management over 20 

years. The milk production mean of control plot is 1431 l/ha and 4733 l/ha on sown 

grassland, respectively with 331% higher. On variants with semi-natural grasslands 
improved by fertilization and liming methods were between 3900 – 4505 l/ha, 

respectively with 272 – 315% higher. On improved variants, compared to control plot, 

the milk fat and protein content increases with 101-107%, respectively with 101-102%. 

In this paper numerous other data which confirm the long effect of fertilization, liming 
and sown of subalpine degraded grassland are presented.  
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INTRODUCTION 

  

The trials regarding 

improvement of the Nardus stricta 

degraded grassland in Bucegi 

Mountains began in 1950 (Puşcaru et 

al., 1956) when production of 

variants was expressed in green 

mass.  The next step was realised in 

1995 when various variants of 

improvement of these degraded 

grasslands have been applied and 

used by dairy cows grazing (Maruşca 

et al., 2002). In addition to the 

production of grass and milk, in the 

years of experiment, a special 

emphasis on the quality of grass and 

milk was placed on. 

Because the effect of the 

improvement solutions was longer 

than 20 years (Maruşca et al., 2016), 

it was considered appropriate to 
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continue the research in order to 

know the duration of the effect of the 

methods of improvement, especially 

liming and sowing, on the production 

and quality of pasture  fodders and 

cow's milk.

 
MATERIAL AND METHOD 

 

To know the long-term effect 

of subalpine grassland improvement 

solutions on the production and 

quality of cow's milk, during the last 

3 years (2016-2018) of the 

experience with the following plots 

have been analysed: 

1. Plot (group) Ac: Semi-natural 

grassland (Nardus stricta dominant 

species) fertilized with chemical 

fertilizers, as follows:  

- 200 kg /ha N + 100 kg /ha P2O5 

+100 kg/ha K2O in 2000  

- 150 kg /ha N + 75 kg /ha P2O5 +75 

kg/ha K2O in 2001  

- 100 kg /ha N + 50 kg /ha P2O5 +50 

kg/ha K2O in 2002                         

- 150 kg /ha N + 100 kg /ha P2O5 

+100 kg/ha K2O in 2010 

- 100 kg /ha N in 2011 

- 50 kg /ha N in 2012 

- 150 kg /ha N + 100 kg /ha P2O5 

+100 kg/ha K2O in 2014 

- 100 kg /ha N in 2015 

- 50 kg /ha N in 2016 

 

2. Plot (group) B:  Semi-natural 

grassland (Nardus stricta dominant 

species) chemically fertilized in the 

period 1996-1998 with a rate of 150 

kg /ha N + 75 kg /ha P2O5 +75 kg/ha 

K2O, then paddocked with dairy 

cows in the years 2004, 2010 and 

2016.  

Before or immediately after 

paddocking, chemical fertilizers by 

superphosphate at a dose of 100 

kg/ha P2O5 were applied. 

 

3. Plot (group) C:  Semi-natural 

grassland (Nardus stricta dominant 

species), limed 2/3 of Ah in 1995, 

chemically fertilized in the period 

1996-1998 with a dose of 150 kg /ha 

N + 75 kg /ha P2O5 +75 kg/ha K2O, 

then paddocked with dairy cows in 

the years 2003, 2009 and 2015. 

 

4. Plot (group) D: Seeded and limed 

pasture in 1995, chemically fertilized 

with NPK between 1996-1998 

(identical to plots B and C) and 

paddocked with dairy cows in the 

years 2002, 2008 and 2014.  

For sowing a mixture of 

perennial grasses and legumes 

consisting of: Phleum pratense 

variety Favorit (40%), Festuca 

pratensis Transilvan (25%), Lolium 

perenne Marta (5%), Trifolium 

hybridum - local population of 

Brasov (15%), Lotus corniculatus 

Livada variety (15%) was used. 

 

5. Plot (group) T: Semi-natural 

grassland (Nardus stricta dominant 

species), 30 years rationally used, 

located within the experimental field 

of the Mountain Pasture Research 

Base from Bucegi Plateau. 

 Other technical data of the 

experience:          

Blaj V.A. et al.

 10Romanian Journal of Grassland and Forage Crops (2019)19



 

 

 

One of the experimental 

variants (B) was paddocked with 

cows in 2016, so the results only two 

years are presented. To determine the 

production of dry matter, for each 

plot (improvement variant), metal 

cages of 2 square meters in 3 

replicates were used. Under these 

cages and near them, floral 

observations on the grassy carpet 

were made and samples to analyse 

the quality of forage were taken. 

Dairy cows production was recorded 

weekly and every two weeks the 

samples were taken for chemical 

analysis. 
 

RESULTS AND DISCUSSION 

 

Production of dry matter 

The dry matter (DM) production of the improved grasslands is shown in table 1. 

 

Dray matter yield, years 
Mean % 

2016 2017 2018 

Ac 3,20 4,25 3,47 3,64 107 

B paddocking 3,47 3,57 3,52 104 

C 3,23 3,17 2,74 3,04 90 

D 4,79 5,02 4,22 4,67 138 

T 2,24 1,65 2,46 2,12 63 

Mean 3,36 3,51 3,29 3,39 100 

 

Compared to the average 

grass production (3.39t/ha DM), the 

T plot (control) has a production of 

62% and the D plot (sown pasture) , 

4.67t/ha DM,  is 138%.  If we report 

results to the T plot (control), it is 

noted that the difference in DM 

production is very significant in 

variant D and significant in the 

variants Ac and B (table 2). 

  

- plot area: 0.75 ha for the Ac, B, C 

and D lots (groups) and about 25 ha 

for the T control group; 

- the cows breed was Brown of 

Maramures (Schwyz) and half-

breeds; 

- the animals grazed under the open 

sky without shelter, only with grass 

being feeded; 

- the grazing season began on 1-10 

June and ended until 1-10 

September, depending on the 

beginning of spring and  falling of 

autumn brumes. 

Table 1 

Medium dry matter production of subalpine improved pastures 
Blana Bucegi, 2016-2018 

Variant 
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Table 2 

Effect of the applied grassland improvement treatments  

on medium dry matter production, Blana Bucegi 2016 - 2018 

Variant  Mean DM production 
Difference t/ha Significance 

t/ha % 

Ac 3,64 172 1,52 * 

B 3,52 166 1,40 * 

C 3,04 143 0,92  

D 4.67 221 2,55 *** 

T 2,12 100 Control plot  

DL 5% = 1,20;      DL 1% = 1,61;    DL 0,1% = 2,11  t/ha 

 

The superiority of the D 

variant was also highlighted in the 

years 1996-2015 when an average of 

5.72 t/ha DM was achieved, 

compared to 1.93 t/ha DM in the T 

variant (control plot; Maruşca et al., 

2016). 

 

Botanical composition  

Also with the DM increasing, 

the botanical composition of pastures 

is significantly improved (table 3). 

The Nardus stricta 

percentage of participation in grassy 

carpet, decreased from 60% at the 

beginning of experiments to 19%, 

only by a rational grazing with dairy 

cows over 20 years.  In limed and 

sown variant it has completely 

disappeared.  

The use of chemical 

fertilizers has stimulated the Festuca 

nigrescens and Agrostis capillaris 

species, while the liming stimulated 

the Poa pratensis and Trifolium 

repens species. 

By applying the 

improvement measures, the medium 

pastoral value increases by 29-41%, 

through the effect of chemical 

fertilization, 8-9% by paddocking 

and 13-14% by liming. 
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Table 3 

Botanical composition of subalpine improved grasslands by different methods, Blana 

Bucegi  

- Mean 2016 – 2018 - 

Species 

 

Index of 

fodder 

quality 

T Ac B C D 

Grases  %  participare 

Agrostis capillaris 7 5 25 19 9 24 

Agrostis rupestris 5 5 2 1 1 4 

Anthoxantum odoratum 5 + + + + - 

Dactylis glomerata 9 - - - - 1 

Deschampsia caespitosa 0 2 3 16 6 7 

Deschampsia flexuosa 0 1 2 - - - 

Festuca nigrescens 7 33 39 21 8 6 

Festuca pratensis 9 - - - - 2 

Nardus stricta 0 19 4 1 - - 

Phleum alpinum 6 1 4 1 3 1 

Phleum pratense 9 - - - - 4 

Poa annua 7 - - 1 1 - 

Poa media 5 7 2 2 + 1 

Poa pratensis 8 - 5 19 35 23 

Legumes       

Trifolium repens 8 7 4 10 16 14 

Other families       

Achillea stricta 6  1 + + - - 

Alchemilla vulgaris 6 1 - 3 2 5 

Campanula abietina 0     1 - - - - 

Campanula napuligera 0 1 2 1 - - 

Geum montanum 0 + + - - - 

Hieracium aurantiacum 0 + + - - - 

Ligusticum mutellina 6 9 1 - - 1 

Polygonum bistorta 5 1 4 1 9 1 

Potentilla aurea  0 5 2 - - + 

Ranunculus montanus 0 1 - 3 5 5 

Taraxacum officinale 7 - - + 4 1 

Alte specii 0 + 1 1 1 + 

Pastoral value (PV) x 51 66 63 71 72 

Improvement effect x 100 129 123 139 141 

Paddocking effect   x x 100 95 108 109 

Liming effect  x x x x 100 113 

Sowing effect  x x x x 100 101 
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The chemical composition of the 

feed 

 

 Applying the improvement 

methods on subalpine grasslands in 

addition to increasing production and 

improving the botanical composition 

have also increased the qualitative 

parameters for grassland fodder 

(table 4).

 

 
Table 4 

Results on grassland fodder chemical analyses  

2016-2018, Blana Bucegi 

No.  Variant 

Crude 

protein 

% 

Gross 

ash  % 

Gross 

fiber % 

ADF 

% 

ADL 

% 

NDF 

% 

DDM 

% 

DOM 

% 

1 Ac 13,75 8,40 33,61 38,30 4,58 63,33 56,90 52,53 

2 B 12,82 8,17 35,13 38,48 4,52 62,85 55,65 52,48 

3 C 12,95 8,66 33,40 38,25 4,75 63,15 56,24 52,28 

4 D 12,60 8,29 31,63 35,32 3,96 59,25 60,97 58,06 

5 T 11,64 7,76 34,47 38,64 5,11 62,79 52,87 48,57 

Mean 12,77 8,27 33,50 37,72 4,58 62,21 56,68 52,90 

 

Concerning the forage quality, it is found that the crude protein content, 

which is 11.64% in the T variant (control), increases to 12.60 - 13.75% in the 

improved variants, as well as the other qualitative parameters. Thus, the crude 

protein (CP) content increased on average by 1% in the variant (B, C and D) and 

by more than 2% in the chemically fertilized variant compared to the control 

variant T . 

Similarly, the digestibility of dry matter (DDM) increases by 3-8%, 

compared to the control variant (52.87%), which significantly influences 

livestock production. 

 

Milk production 

 

The most sensitive and 

important final result of 

experimental variants is milk cow 

production (table 5). Due to the 

climate warming phenomenon, the 

grazing season increased by approx. 

12 days, from 85 days on average for 

the period 1996 - 2015 to 97 days 

between 2016 and 2018. The higher 

average milk production per cow 

was 12.24 litters in sown variant (D), 

higher than T variant (control) with 

24%, which is performed 9, 9 l / cap 

/ day.  These productions were 

obtained only by grazing, without 

any feed supplement. 
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Table 5 

Medium daily milk production (l / cap) and for grazing season (l / ha) 

 Blana – Bucegi, 2016-2018 

Specification 
Years of production 

Mean % 
2016 2017 2018 

Length of grazing season (days) 107 92 92 97 x 

M
ea

n
 m

il
k
 p

ro
d

u
ct

io
n
 (

l)
 

 

Group Ac 

(4 LSU/ha) 

daily (l/cap) 9,80 11,15 11,10 10,68 108 

per season 

(l/ha) 

4.194 4.102 4.084 4.127 288 

Group B 

(4 LSU/ha) 

daily (l/cap) 

paddocking 

11,19 10,00 10,60 107 

per season 

(l/ha) 

4.118 3.680 3.899 272 

Group C 

(4 LSU/ha) 

daily (l/cap) 11,39 12,22 11,26 11,62 117 

per season 

(l/ha) 

4.875 4.496 4.145 4.505 315 

Group D 

(4 LSU/ha) 

daily (l/cap) 11,55 12,22 12,94 12,24 124 

per season 

(l/ha) 

4.943 4.497 4.760 
4.733 

331 

Group T 

(1,5LSU/ha) 

daily (l/cap) 8,60 10,55 10,56 9,90 100 

per season 

(l/ha) 

1.381 1.456 1.457 1.431 100 

Total 

daily (l/cap) 10,34 11,47 11,17 11,01 x 

per season 

(l/ha) 
3.848 3.733 3.625 3.739 

x 

 

 

Milk production per hectare 

in T variant is 1.431 l/ha and in D 

variant 4.733 l/ha, respectively 331% 

higher. Despite the harsher climatic 

conditions of the subalpine floor, it is 

noteworthy that on average in a 92 

days of grazing season, dairy cows 

provided an average production of 

over 11 l/head, which varies from 8.6 

to 12.9 l/head.   The average milk 

production per hectare in the three 

years of residual effect of the 

improvement methods is 3.739 l/ha, 

which is very efficient and justifies 

the cost for improving the subalpine 

grasslands.  Compared to the control 

variant (T), milk production per 

hectare for improved variants 

increased 2.7-3.3 times. Also the 

milk quality expressed by the fat, 

protein and lactose content has 

improved (table 6).  

The fat content of milk is 

significantly higher for the variants 

Ac and C than the control plot (T), 

(table 7). 
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Table 6 

Results on analyses of cows ' milk samples in the years 2016-2018  

Blana Bucegi 
No.  Variant  Fat % Protein % Lactose % pH Density  

1 Ac 3,68 3,37 4,88 6,38 1,0299 

2 B 3,47 3,39 4,88 6,38 1,0304 

3 C 3,67 3,39 4,92 6,43 1,0299 

4 D 3,56 3,39 4,93 6,44 1,0306 

5 T 3,45 3,31 4,85 6,36 1,0299 

Mean 3,57 3,37 4,90 6,40 1,0301 

 
Table 7 

Influence of subalpine grassland improvement factors  

on fat content of cow's milk, Blana Bucegi. 2016 -2018 

Variant  
Fat content  Difference 

Significance 
g/100 g % g/100 g 

Ac 3,68 107 + 0,23 * 

B 3,47 101 + 0,02  

C 3,67 106 + 0,22 * 

D 3,56 103 + 0,11  

T 3,45 100 Control     

DL 5% =0,19;  DL 1% =0,25;   DL 0,1% =0,32  

 

Similarly, the protein content of the 

improved variants is significant 

higher at Ac variant and distinctly 

significantly higher in A, B, C and D 

variants versus the control  (T) 

variant (table 8). These results prove 

the decisive influence on milk 

quality of the quality of grassland 

fodder, even in the harsher climatic 

conditions of the subalpine floor. 

 
Table 8 

Influence of subalpine grassland improvement factors on 
protein content in cow's milk, Blana Bucegi. 2016 -2018 

Variant  
Protein content  Difference 

Difference 
g/100 g % g/100 g 

Ac 3,37 101 + 0,06 * 

B 3,39 102 + 0,08 ** 

C 3,39 102 + 0,08 ** 

D 3,39 102 + 0,08 ** 

T 3,31 100 martor    

DL 5% = 0,05;  DL 1% = 0,07;   DL 0,1% = 0,09 

  

Blaj V.A. et al.

 16Romanian Journal of Grassland and Forage Crops (2019)19



 

 

 

CONCLUSIONS  

 

Improvement of sub-alpine 

Nardus stricta grasslands by 

chemical and organic fertilization 

(paddocking method), liming and 

sowing solution, have an effect over 

20 years period, both on the yield and 

quality of pasture forage and and the 

production and cow milk quality. 

The milk production average 

is 11 l/head/day, without any feed 

supplement in cow ration, also the 

production of milk per hectare on 

improved grassland reaches over 

4.300 litters compared to 1.400 l at 

control group, being of 3 times 

higher. 

The fat, protein and lactose 

content of milk are higher in the 

improved than the unimproved 

grasslands. 
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