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Abstract 
A bad management of grazing systems determines the degradation of pastures 

of Festuca airoides Lam., Festuca nigrescens Lam., Festuca. rubra L., etc., located in sub 
alpine layer through their invasion with Nardus stricta, a species with less feeding 
value. 

The experiments concerning the utilisation of improved pastures, located at 
1800 m altitude in the Bucegi Pinus mugo Turra. sub alpine layer, were carried out 
with dairy cow. In the first stage in the period 2000-2002 have been taken in study 4 
alternatives to improve degraded pastures because of Nardus stricta L invasion. In the 
second stage 2003-2007 the experiments have been continued to establish the residual 
effect of solutions used for improving these degraded pasture. 

The botanical composition of grassland improves greatly; pastoral value 
reaches 44-46. The daily average milk production per cow was 10.1 I with oscillations 
between 8.5-11.3 ljheadjday, only in the pasture with no added other feeding supplies 
from outside. Milk quality is very good with 3-3.2% crude protein and 3,4-3.5% crude 
fat with a higher proportion of unsaturated fatty acids. Conversion forage-milk is 
higher on sub a/pine pasture, being over 1 kg DMj1 I milk due to more diffiCUlt climatic 
conditions and less forage quality. 

A suitable management of studied sub alpine pasture allows both a high 
economical efficiency and biodiversity conservation and environment protection from 
mountain zones. 
Keywords: subalpine pasture, Nardus stricta L. sward improvement, paddocking 
system, fertilisation 

INTRODUCTION 
Between all systems of 

grassland using, exploitation by 
grazing is known from ancient 
time, the best way of nutrient 
utilisation. 

For millennia pastorals 
practicing and transhumance, 

allows advantages of animal 
feeding on pasture from high 
altitudes U(PU$CARU et al., 1956)". 

From the animal species 
that graze the sub alpine pastures 
the dairy cows were increasingly 
better represented ' after 1990, 
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replacing the sheep which, due to 
unfavourable economic situation 
(very low price of wool) decreased 
drastically. 

The increasing of grazing 
dairy cows on these pastures 
represents the high economical 
advantages. 

It should be noted that the 
animals which are maintained on 
these grasslands for 80-100 days, 
give high productions, compare to 
those at lower altitudes, without 
receiving other supplies, excepting 
the grassland forage "(BARBULESCU, 
MOTCA,1983)". 

Botanical composition of 
these improved sub alpine 
pastures and also, the climate 
more cold, allow the making of 
some cheese with special 
organoleptic characteristics and 
greatly appreciated on the markets 
in the urban zone. 

In according with the lack of 
rigorous research concerning in 
the utilisation of sub alpine 
pastures, the most widespread in 
the Juniper tree belt in Romanian 
Carpathians grazed by dairy cow, it 

MATERIAL AND METHOD 

Research has been carried 
out at the Research Centre for 
Mounting Grassland Blana-Bucegi, 
being a part of a great program 
initiated and coordinated by the 
Institute of Research and 
Development for Grassland 

was necessary to initiate these 
experiments for demonstrating the 
efficacy of known alternatives of 
improving the Nardus stricta L 
degraded pastures related to milk 
production. 

In addition to the 
evaluation of milk production, as a 
synthetic indicator of technological 
solution referring the grassland 
improvement, the DM production, 
botanical and chemical 
composition of the of the forage 
and soil agrichemical 
characteristics were to know in 
detail the relationship between the 
soil - plant - animal, within would 
have been necessary to add more 
data on climate and quality of 
animal products especially milk 
quality and its products obtained 
during grazing period. 

A higher stocking rate in 
utilisation of improved sub alpine 
pasture can be practised on 
smaller areas for avoiding the 
grazing protected areas. In this 
way it is preserved the landscape 
and avoid destruction by grazing 
of species protected by law. 

Bra~ov. The experimental variants 
established in 2000 were the 
following: 

The plot A - Nardus stricta L 
natural pasture, partially organic 
fertilized and rational utilization 
during 25 years - control plot. 
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Plot B - natural Nardus 
stricta L pasture improved by 
chemical fertilization eN lsoPsoKso 
kg/ha 3 years 1996-1998), the 
residual effect in the next years; 

Plot C - natural Nardus 
stricta L pasture organic fertilized 
by paddocking system with dairy 
cows lcow /6 m2/5 nights and 
over sown in 1999 "(MARU~CA, 

FRAME, 2003)"; 
The plot D pasture 

chemical fertilized with, 2000 
year: N200PsoKso kg/ha, 2001 year: 
N1S0PsoKso kg/ha and 2002 year: 
NlOOPsoKso kg/ha. After the first 
stage (2000-2002) of improving 
the vegetal cover paddocking by 
various methods of chemical and 
organic fertilization (paddocking) 
(MARU~CA, MOCANU, BLAJ, 2008). In 
the period 2003-2007 the residual 
effect of these improvements 
methods was monitored after 
repaddocking of B plot during 
2004 and C plot on 2005. 

The plot size was 0.75 
hectares for each of the groups B, 
C, D and about. 25 ha for A plot. 

In this experiment were 
used the Brown Maramure~ breed 
cows (Schwyz) adapted to the hard 
conditions of the mountain, with 
good health status and uniform 
milk production (12-14 l/head 
with 3.5% fat). The first lactating 
and old cows were excluded. The 
use mode was intensive grazing 
(continuous) in B, C, D and 
extensive grazing in control plot A. 

For evaluating the forage 
production and quality in each plot 
were placed 3 metal cages of 2 m2 • 

Sampling of grass was made 
once per year in the first decade of 
August when grasses were in 
flower. Each year the place of 
location of cages has changed. 

The botanical composition 
was determined under the cages 
using Klapp-Elemberg method for 
measuring the participation 
percentage of species. 

The forage quality has been 
conducted in the chemical 
laboratory of the ICDP Bra~ov by 
current method. Simultaneously 
with sampling of grass or at the 
end of the grazing cycle were 
collected soils samples on the 
depth of 0-15 cm, for the 
determination of agrichemical 
characteristics and their evolution. 

The soil analysis were 
carried out at the Office for 
Pedology and Agrichemistry 
Bra~ov after a methodology 
developed by the ICPA Bucharest. 

The milk production per 
cow was weekly determined on 
Tuesday night and Wednesday 
morning. 

For determining the quality 
of milk were take the samples at 
intervals of two weeks that have 
been analysed for fat and protein 
contents. In 2007 by a contract of 
collaboration with the Institute of 
Biology and Animal Nutrition 
(IBNA) were carry out the 
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Biology and Animal Nutrition 
(IBNA) were carry out the 
laboratory tests for density, dry 

RESULTS AND DISCUSSION 

Dry matter yield and cow 
milk production 

In the period 2003-2007, on 
improved pasture, the research 
results consisted in DM yield and 
milk production (Table 1) 
confirming the good productivity 
of improved pastures. 

In D plot, the DM yield was 
very high (6.64 t/ha) between 
2003-2005 years, and after that 
decreased at half value (3.32 t/ha) 

matter, crude protein, fats and 
fatty acids. 

in the 2006-2007 period, while the 
DM of paddocking plot (C plot) in 
1999 and 2005, although it is less 
is more constant, between 4.05 -
4,63 t/ha. The highest milk 
production mean of 5 years (2003-
2007) was obtained on chemical D 
plot which was higher over 3.5 
times compared with control plot 
A, although the fertilization was 
stopped in 2002. 
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Table 1 
Dry matter an d cowmi • pro uction on 2003-2007 perio , Ik d d bi ana- b ucegl 

Variant of 
Year 

DM 
improvement t/ha 

2003 1,55 

A. Control plot 
2004 1,32 
2005 1,60 

grazing rationally 
2006 1,21 

30 years 
2007 1,43 

MEAN 1,42 
B. Fertilization 2003 4,12 
NPK (1996-98) 2005 6,00 
and paddocking 2006 2,92 
(2004) 2007 3,02 
+ 100 Pkgjha MEAN 4,02 

2003 4,43 
C. Paddocking 2004 4,05 
(1999 and 2005) 2006 4,06 
+ 100 P kgjha 2007 4,63 

MEAN 4,29 
2003*) 7,06 

D. Fertilization 2004*) 6,74 
NPK 2005 6,12 

(2000-2002) 2006 3,31 
Residual effect 2007 3,32 

MEAN 5,31 
*) years of converSIOn to orgamc productIOn 

The pastoral value of improved 
pasture 

The results of used 
technologies for improvement of 
sub alpine pastures grazed by 
dairy cows are also expressed by 
their botanical composition (Table 
2). 

Thus, 
fertilization 
fertilizers 

after 8 years of 
with chemical 

(plot D), sward 

Milk Cow Consumption 
% l/ha % kgDM j I 

100 1.245 100 1,24 
100 1.084 100 1,22 
100 1.070 100 1,50 
100 1.101 100 1,10 
100 1.105 100 1,29 
100 1.121 100 1,27 
266 2.111 170 1,95 
375 3.056 286 1,96 
241 3.570 324 0,82 
211 3.689 334 0,82 
283 3.107 277 1,29 
286 3.793 305 1,17 
307 3.543 327 1,14 
336 3.128 284 1,30 
324 3.863 350 1,20 
302 3.582 320 1,20 
455 4 .. 479 360 1,58 
511 4.030 372 1,67 
383 4.608 460 1,33 
274 3.740 340 0,89 
232 3.017 273 1,10 
374 3.975 355 1,49 

vegetation consist in more than 
56% species with forage value of 
3-4, followed by paddocking plots 
(C) reaching to 73% species with 
3-5 value, both having a good 
pastoral value (index 49-59). 

The Nardus stricta L 
dominant species decreased from 
initial participation of 40% to only 
3 - 6%, being about to be removed 
from the vegetal cover. 
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Table 2 
Botanical composition of improved subalpine grasslands, utilised by dairy cows grazing 

Bl B . 2006 2007 ana- ucegl, -

Forage PLOT 
Species value Chemical + Paddocking Chemical 

Index I paddocking B 2 stages C residue D 
Grasses X 82 90 83 
Agrostis capillaris L 3 14 12 22 
Agrostis rupestris All. 1 11 4 11 
Anthoxanthum odoratum L 1 + + 1 
Dactylis glomerata L 5 - + -
Deschampsia caespitosa L 0 9 9 1 
Descfuimpsiii jlexiiosa L 0 10 + 5 
Festuca nigrescens Lam 3 12 19 18 
Festuca ovina ovina L 1 + + + 
Festuca pratensis (semiinat) Huds. 5 - 3 -
Nardus stricta L 0 6 5 3 
Phleum alpinum L 2 10 2 7 
Phleum pratense (semiinat) L 5 - 20 1 
Poa annua L 2 2 5 + 
Poa media SGhur. 1 12 2 10 
Poa pratensis L 4 + 9 7 
Legumes X 9 5 5 
Trifolium rep ens L 4 9 5 5 
Other families X 9 5 12 
Achillea stricta W.D.J.Koch 2 + + 1 
Alchemilla vulgaris L emend. Frohner 2 + + + 
Campanula abietina Griseb. 0 + + 1 
Campanula napuligera Schur. 0 + + 1 
Cerastium montanum Gay 0 + + + 
Geum montanum L 0 + + + 
HieraGium aurantiawm L 1 + + + 
Ligusticum mutellina L 3 4 3 4 
Polygonum bistorta L 0 5 2 4 
Potentilla aurea chrys. L 1 + + 1 
Ranunculus montanus Willd 0 + + 2 
Taraxacum officinale Weber ex F.H.Wigg. 2 + + + 
Veronica chamaedrys L 0 + + + 
Viola declinata Walds. Et Kit. 0 + + + 
Pastoral Value X 35 S9 49 
Appreciation X Medium Good Good 
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The quality offorage 
The contents of P, K and Ca 

have had smaller fluctuations 
between variants, in particular 
appearing of deficiency of P and K, 
although were applied sufficient 
quantities of phosphate fertilizers 
and manure rich in potassium, 

such as animal excrements after 
paddocking period (Table 3). 

The contents of CP (crude 
protein) were in the usual limits 
for these pastures, being between 
9;41 and 11;45%; with an average 
of 10.74% in 2007. 

Tables 
Chemical composition (in % DM) of grassland forages in 2007 

% dinDM 
Variant Crude Crude Phosphorus Potassium CalGium 

Protein Cellulose 
B 11,35 28,97 0,25 1,00 0,56 

G 9;41 29;71 0;20 1;05 0;49 

D 11,45 28,26 0,19 0,68 0,73 

Mean 10,74 28,98 0,21 0,91 0,59 

Optimum: P 0.35- 0.45% (0.2 % deficiency); K 1.5-4.0 % (1% deficiency); Ca 0.4-0.6 % 

The evolution of milk production 
in the grazing season 

The Table 4 shows the 
evolution of the production of milk 
during the grazing season. 

In 2007, the annual average 
production per experiment at all 
the plots was 10.lljheadjday, with 
a maximum of 11.3ljheadj day at D 
plot ana a minUnlim of 8.5lfheadj 
day at A control plot. 

In the Table 5 are presented 
a few general data referring to 
grazing with dairy cows in 
experimental field Blana - Bucegi. 
It must be noted a very good 
average of milk production per 

head at all plots, considering that 
the animals have not received any 
supply, excepting the grazed grass. 

The average milk 
production on plot D (residual 
effect of chemical fertilizer) was 
with 173% better than control 
variant A (herd outside of 
experiment) in the 87 days of 
grazing season. 

Concerning the total milk 
production per hectare was 
observed the cows from group A 
(herd) realised 110Sljha and the 
best group C (paddocking in 1999 
and 2004) has obtained 3863ljha, 
with 250% more. 
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Tabie 4 
Mean milk cow production, Blana- Bucegi, 2007 

(mean grazing period - 87 days) 
GRUPA 

Month Decade 
A B C D 

(Control (Chemical + (Paddocking (Chemical) Mean 
plot) Paddocking) 2 times) 

II (11-20) 10,1 12,3 12,7 12,4 11,9 
June III (21-30) 10,2 12,3 12,5 13,0 12,0 

Mean of 20 days 10,2 12,3 12,6 12,7 12,0 
1(1-10) 10,3 12,3 12,5 13,2 12,1 

July 
II (11-20) 9,2 12,3 12,8 13,6 12,0 
III (21-31) 8,6 11,6 12,5 13,0 11,4 
Mean (31) 9,4 12,1 12,6 13,3 11,8 
Hl-10) 7,9 10,3 11,3 11,1 10,2 

August 
II (11-20) 7,4 9,4 10,2 9,7 9,2 
III (21-31) 6,5 7,6 8,2 8,2 7,6 
Mean (31) 7,3 9,1 9,9 9,7 9,0 

September 111-5) 6,1 7,1 7,5 7,6 7,1 
The annuai average 8,5 iO,6 il,i il,3 io,i 

Table 5 
General data regarding to cattle grazing in experimental field Blana- Bucegi 

2007 (mean grazing period - 87 days) 

Specification for 1 hectare 
A 

Number of cows 1,50 
Feeding days (no.) no 
Average of milk 8,5 
production~ (l/head/day) 
Total production on 

1.105 
grazing season (lfha) 
Relative Production % 100 

The efficiency of forage 
conversion in milk production 

In 2007 year on the sub 
alpine pasture was registered a 
higher efficiency of forage 
conversion in comparison with 
previous years, being of 1.04 kg 

Group 
B C D 

4,00 4,00 2,67 
348 348 232 

10,6 11,1 11,3 

3.689 3.863 3.017 

334 350 273 

oM/ i 1 mIlk, with variations 
between 0.82 - 1.20 kg DM per 11 
milk (Table 6). On sub alpine 
pasture for 1 1 milk it is necessary 
110 g CP with differences between 
93-126 gi depending on the 
improvement solution (Table 7). 
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The mean CP content is 386 
kg/ha, with higher differences in 
comparison with those of DM. 

In condition of cooler and 
wetter climate, specifically to sub 

alpine belt, the conversion forage
animal product has higher value 
than the lower zones with a 
moderate climate; 

Table 6 
Conversion of dry matter (DM) produGTIon in· milk on subalpine grasslands from Blana -

B . 2007 ucegl 
Group 

B C D 
Specification UM (Chemical+ (Paddockin (Chemical) Mean 

paddocking) g 2 times) 
Production of DM t/ha 3,02 4,63 3,32 3,66 
Relative Production % 83 127 91 100 
Production of milk ljha 3.689 3.863 3.017 3.523 
Kg DM/ 11 milk 0,82 1,20 1,10 1,04 
Relative conversion % 19 115 106 100 

Table 7 
Conversion of crude protein (cp) yield in milk production on subalpine grasslands, Blana-

B . 2007 ·ucegl 

B 
Specification UM (Chemical+ 

paddocking) 
Production of CP kg/ha 343 
Relative Production % 89 
Production of milk ljha 3.689 
g CP for 11 milk 93 
Relative conversion % 85 

Milk quality 
For better knowing the milk 

quality depending on applied 
improvement technologies in 
2007, in the middle of grazing 
period the milk analyses were 
made (Table B). The table shows a 
usual protein content in milk, 
being around 3.00 g/100 ml, 
higher in variant C, paddocking 2 
times in 1999 and 2004. 

Fat content of milk is under 
normal value 3 g/100 ml at control 

Group 
C D 

(Paddocking (Chemical) Mean 
2 times) 

436 380 386 
112 98 100 

3.863 3.017 3.523 
113 126 110 
103 115 100 

plot (A) and normally at the other 
two variants; 

The dry matter content is 
also higher in variant C (14.82%) 
compared to control plot 
(13.98%). Also if it compares with 
the contents given in the literature 
we can see that on all variants, a 
dry matter (DM) has a higher level, 
thus giving a guarantee of a good 
forage conversion in cheese 
making. Also, major importance 
represents the .organoleptic 
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characteristics and physical 
structure of fatty acids in milk. 

Fatty acid composition, % 
from crude fat (CF) depends on 
animal breed and feeding system. 
In grazing conditions it was 

observed tend to reduce the 
contents of saturated fatty acids 
C4-C 14 and increasing contents of 
unsaturated fatty acids such as 
linoleic acid (C18:3). 

Table 8 
Principal physical-chemical parameters and fatty acid structure of cow milk product on 

improve d b I I . su alpine pastures, B ana - Bucegi, 2007 

Specification UM 

Dry matter at 65 0 c g / 100 ml 
Crude protein g /100 ml 
Fatty acids (CF) from which: gj100ml 
- butyric acid C4:0 % fromCF 
- caproic acid C6:0 % from CF 
- caprilic acid C8:0 % from CF 
- capric acid ClO:o % from CF 
- lauric acid C12:0 % fromCF 
- myristic acid C14:0 %fromCF 
- miristoleic acid C14:1 .% from CF 
- pentadecanoic acid C15:0 % from CF 
- pentadecenoic acid C15:1 % from CF 
- palmitic acid C16:0 % from CF 
- palmitoleic acid C16:1 % from CF 
- heptadecanoic acid C17:0 % from CF 
- heptadecenoic acid C17:1 % from CF 
- stearic acid C18:0 % from CF 
- oleic acid C18:1 % from CF 
- linoleic acid C18:2 % from CF 
- linolenic acid C18:3 % from CF 
- other fatty acids % from CF 

*) after GEORGESCU GH., 2000 and POPESCU N., 1995 

The values obtained suggest 
the need to supply the usual diet 
based on grazed forage with 
concentrates, which actually is a 
strategy for maxImIzmg 
unsaturated fatty acids. 

Comparative analysis of 
fatty acid composition has 
demonstrated a manifestation of 
these quite homogeneous 

Group of cows Normal 
A B C limits *) 

13,98 14,76 14,82 10,5-14,5 
2,99 3,16 3,20 2,9-5,0 
2,79 3,50 3,37 2,5-6,0 
0,12 0,27 0,27 3,2± 0,11 
1,78 1,89 1,90 1,4 
1,64 1,59 1,71 1,5 
3,42 3,24 3,68 2,7 
3,96 3,65 4,23 4,8±0,47 

13,99 13,43 14,01 11,8±0,47 
1,28 1,24 1,50 1,8 ±0,14 
1,74 1,43 1,48 
0,35 0,30 0,30 

30,80 28,18 29,48 27,4±0,65 
0,87 1,37 1,53 2,6±0,13 
0,87 0,85 0,70 
0,00 0,20 0,19 

12,79 13,18 10,60 10,4±0,68 
21,28 22,70 20,92 22,9±0,99 
1,69 1,86 1,62 3,6±0,43 
1,50 1,45 2,33 1,1±0,18 
1,92 3,17 3,55 

phenotypic features for the 3 
groups of cows utilised in 
experiment. From the point of 
view of the milk quality obtained 
on sub alpine pasture it can 
confirm it has normal value for all 
improvement solutions. 

Differences between 
variants are realised especially 
from point of quantitative view. 
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Soil agrichemical indices 
As a result of the 

improvement works and the 
rational use of sub alpine pasture 
shows changes in the chemicai 
composition of the soil (Table 9). 
It must be noted a substantial 
increase of phosphorus content in 

the soil as a result of 
implementation of paddocking 
system. With regard to the 
potassium content in the soil is 
very variabie, but it is not 
correlated to experimental 
variants. 

Table 9 
Agrichemical indicators from experiments with dairy cows, 

BI B . 2007 ana - ucegl, 
A B C 

D Specification (Control (Chemical+ (Paddocking 
(Chemical) plot) paddocking) 2 times) 

pH in H20 4,5 4,4 
VAh% 22,1 21,8 

Humus % 13;92 16;93 
IN 3,08 3,69 

P-ALppm 9,8 18,0 
K-AL ppm 97,0 116,5 

CONCLUSION 
The expression of the sub 

alpine pasture productivity 
through livestock products (live 
gain weight, milk, etc.), is a more 
exact assessment of technology 
efficiency for improving by various 
methods of degraded Nardus 
stricta L pastures, widespread in 
the high mounting zones; 

The fastest way to improve 
Nardus stricta L pastures is started 
by chemical fertilization in the 
average doses of 150 kg N/ha, 
three years consecutively (200 + 
150 + 100 kg N/ha) when 
compared to the paddocking 
variant (1 cow /6 nights /6 m2) is 
realised over 40% DM, 100% ep 
and 54% more milk quantity 

4,5 4,7 
22,9 26,9 

15;89 16;00 
3,64 4,30 
19,5 18,9 

116,5 83,0 

during the first 3 years of 
experimentation (2000-2002); 

The average of daily milk 
production was between 8.5-11.3 
lfhead in a period of 87 grazing 
days depending, on the technology 
appiied to the adequate ievei of 
fertilization; 

Total milk production on 
grazing season (normal utilisation 
during 30 years) was of 927 lfha, 
about 3 times higher on 
paddocking system and 4.5 times 
higher on the chemical · 
fertilisation; 

The effect of technology 
expressed in milk production is 
kept also after 5 years from 
application of chemical 
fertilisation NPK, when it is 

RamanianJaumal a/Grasslands and Forage Crops (2010) 1 43 



Teodor MARU~CA et al. 

possible the conversion to organic 
production; 

good pastoral value (index 49 -
59); 

The botanical composition 
of sward where it was applied 
chemical fertilizers and 
pad docking with cows had major 
changes in direction to reduce 
percentage of Nardus stricta L 
species from 70% to 3.6% and 
increasing with 56% forage 
species with forage value of 3-4, 
paddocking plot (C) up to 73% of 
species with forage value of 3-5, a 

Conversion forage - milk on 
sub alpine pastures was quite 
small, with an average 
consumption of 1.04 kg of DM/I, 
higher on the paddocking plot and 
lower on the chemical fertiliser 
plot; 
The agrichemical characteristics of 
the soil are in normal limits, some 
gaps in the content of phosphorus 
and a high acidity that require a 
liming in the future. 
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