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Abstract 

 

The study aimed to assess the quality of forages obtained from a permanent grassland of Dorna Depression (Romania) 

under the influence of organic versus mineral fertilization. The experiences were monofactorial in three repetitions, 

located on a grassland of Nardus stricta L. to follow the effect of fertilization with 20-50 t ha
-1 

manure, applied annually 

or every 2 years and N100P100, N140P140 and N200P200, on the chemical composition of the forage. It was observed for 

experience with organic input, crude protein (CP) content increased from 6.38% to 9.32%-13.14%, NDF and ADF 

decreased from 74.71% to 50.08%-60.20%, and from 47.09% to 43.11%-37.47%, respectively, and in experience with 

chemical fertilization CP increased from 6.48% to 6.59%–14.08% while NDF and ADF, decreased from 72.25% to 

59.28%–51.92%, and from 45.64% to 39.79-32.10%, respectively. The values of the investigated parameters indicate an 

improvement in forages quality.  
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Permanent grassland area of Romania covers 

over 4.8 million hectares, of which more than a 

half are located in upland areas and the grassland 

area, dominated by Nardus stricta L., covers 

300,000 hectares at 400 – 2200 m altitude on acid 

soils, replacing more valuable grasslands, 

especially those of Agrostis capillaris and Festuca 

rubra (Vintu et al. 2011). Permanent grasslands are 

an important part of Romania's natural resources. 

These grasslands serve multiple purposes which 

harmoniously combines many functions that can be 

used to benefit people and animals: provide habitat 

and food source for animals, protect soils against 

erosion, provide biodiversity for at least 70% of all 

species of plants, make the beautiful environmental 

and also a great part of the biomass can be 

converted into unconventional energy. Forages 

obtained from these permanent grassland represent 

an important source for animals feed due to the 

cultivated surfaces and the high yields of good 

quality obtained from them (Avarvarei and 

Chelariu, 2011). For a long-term period no 

elementary management measures were applied on 

permanent meadows in Romania, estimating that 

they could get efficient yields without 

technological inputs. The fertilization of mountain 

grasslands with organic fertilizers leads to an 

improvement in terms biodiversity, productivity 

and quality (Ansquer et al., 2009; Schellberg et al., 

1999). Fertilization with organic and mineral 

fertilizers is one of the main means by which we 

can increase the yield of permanent grasslands and 

have a strong influence on forage quality by 

modifications in floristic composition, chemical 

structure, consumption and digestibility with 

implications on nutritive and energetic values 

(Avarvarei and Chelariu, 2011; Păcurar et al.2012; 

Štýbnarová et al. 2012).  

The first aim of this study was to investigate 

the effect of mineral and organic fertilization on 

the nutritional value of forages from a permanent 

grassland of Nardus stricta L. located in Dorna 

Depression (north-eastern Romania). The second 

aim of the study was to establish the best dose of 

fertilization in order to improve the quality of 

forages on the permanent grassland. 

 

MATERIALS AND METHODS 

The study was carried out on a Nardus stricta 
L. permanent grassland situated at an altitude of 840 
m in the Cosna region, Romania. For studying the 
influence of fertilization on forages’ quality the 
experiments were set up as a random block system in 
three replications, with the variants presented in table 
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1. The first experience was in 3 repetitions. The 
surface of each variant of fertilization was 20 m

2
 (4 × 

5m). The repetition block area was 180 m
2
 and the 

surface of the experience was 540 m
2
. The second 

experience was also in 3 repetitions with the surface 
of each variant of fertilization of 20 m

2
 (4 × 5m). The 

repetition block area was 140 m
2
 and the surface of 

the experience was 420 m
2
. 

The manure with a content of 0.42% total N, 
0.19% P2O5 and 0.27% K2O was manually applied, 
early in spring, at the beginning of grass growth. 
Freshly harvested hay samples were dried in a forced 
air-oven at 60°C and milled through a 1-mm screen 
for chemical analysis. 

The dry matter (DM) of forage was determined 
at 105°C for 5 h, crude protein (CB) was determined 
by the Kjeldahl method using a device Inkjel P and 
distillation Behrotest WD20, Labor Technik, 
Germania, ether extract (EE) by the Soxhlet method, 
ash content was measured gravimetrically by igniting 
samples in a muffle furnace at 500

o
C. The Fibretest 

system was used to analyse fibre content by 
treatment with neutral detergent (NDF), fibre content 
by treatment with acid detergent (ADF), sulphuric 
lignin content (ADL), according to the procedure of 
Van Soest (1963) and the photometrical method for 
the determination of total phosphorus. The analyses 
performed allowed the calculation of parameters for 
assessing the quality of the feed, such as the total 
digestible nutrients (TDN), net energy of lactation 
(NEL) and relative nutritional value (RFV). Calculation 
of these parameters was performed with the following 
formulas (A Nutritional Guide, 1990).  

TDN = 82.38 – (0.7515 × %ADF) 
RFV = (DDM×DMI)/1.29 
DDM = 88.9 – (0.779 × %ADF) 
DMI = 120/%NDF 
NEL: Mcal/lb = (TDN % x 0.01114) – 0.054 

Statistical analyses were performed applying the 
Least Significant Difference (LSD) test and principal 
component analysis using Statistica 8.  

Table 1 
Variants of organic and mineral fertilization on permanent grassland of Nardus stricta L., 

Cosna region, Romania 

Experience 1: Organic fertilization Experience 2: Mineral fertilization 

V1 Unfertilized control V1 Unfertilized control 

V2 20 t ha
-1

 manure applied every year V2 N100P100 

V3 30 t ha
-1

 manure applied every year V3 N140P140 

V4 40 t ha
-1

 manure applied every year V4 N200P200 

V5 50 t ha
-1

 manure applied every year V5 N100P100 + N40P40 

V6 20 t ha
-1

 manure applied every 2 years V6 N100P100 + N100P100 

V7 30 t ha
-1

 manure applied every 2 years V7 N80P80 + N60P60 

V8 40 t ha
-1

 manure applied every 2 years   

V9 50 t ha
-1

 manure applied every 2 years   

 

RESULTS AND DISCUSSION 

 

Data characterizing forage quality in 

accordance with fertilization variant are given in 

Table 2. In the first experience (organic 

fertilization), the content in crude protein of the 

forages obtained from Nardus stricta L. permanent 

grassland increased from 6.39% at unfertilized 

variant to 12.03% for variant where was applied 30 

t ha
-1

 manure at every two years, 12.80% for 

variant where was applied 40 t ha
-1

 manure at 

every two years and 13.14% for variant where was 

applied 50 t ha
-1

 at every two years. In the second 

experience (mineral fertilization), crude protein 

increased from the 6.48% at unfertilized variant to 

14.08% at N100P100 + N100P100 variant. The 

concentration of crude protein significantly 

increase with intensity of fertilization, in 

accordance with studies from the literature 

(Butkuvienė and Butkutė, 2007; Kirkham et a. 

2008; Avarvarei and Chelariu, 2011; Vintu et al. 

2011). The highest content of crude protein was 

obtain for variant where was applied 50 t ha
-1

 

manure every two years (Table 2). Neutral 

detergent fibre and acid detergent fibre content 

also affect the quality of grassland and its effect on 

animal nutrition. 

These parameters could be also used in 

prediction equations for nutritive value calculation 

(Jarrige, 1989), because cell-wall components – 

cellulose, hemicellulose and lignin are fully 

separated (Štýbnarová et al. 2012). The average 

content of NDF decreased significantly from 74.71 

% for unfertilized variant to an average of 50.08 – 

60.20 %, depending on fertilization for experience 

where was applied manure. The low content of 

NDF was obtained at variants where was applied 

40 t ha-1 manure every year (50.08%), followed by 

variant where was applied 50 t ha
-1

. For experience 

with mineral fertilization the lowest value for NDF 

content was obtain for N200P200 (51,92%), followed 

by N100P100 + N100P100 (54,18) and N100P100 + N40P40 

(55.28%) variants. NDF is the most accurate 

characteristic of the total fibre content and it 

closely correlates with dry matter intake and 

rumination activity. The feed intake by ruminants 

decreases with extensive way of grassland 

management as the consequence of the high 



Lucrări Ştiinţifice – vol. 55/2012, seria Agronomie 
 

 51 

concentration of NDF (Štýbnarová et al. 2012). For 

both experiments, organic fertilization and mineral 

fertilization the NDF contents are in comparable 

levels. Another measure of fibre is acid detergent 

fiber (ADF), a subset of NDF. cid detergent fibre 

contains the poorly digestible cell wall 

components, namely, cellulose, lignin, and other 

very resistant substances. Due to its nature, ADF is 

often used to predict energy content of feeds. ADF 

is a good indicator of feed quality; higher values 

within a feed suggest lower-quality feed. 

A goal would be to have < 35% ADF in 

either legume or grass forages The average of ADF 

content in forages from Nardus stricta L. 

permanent grassland shows a significant decrease 

from 47.09% for unfertilized control variant at 

37.47% for 30 t ha
-1

 manure applied every year 

(table 1). 

Also, forages obtained from variants where 

was applied mineral fertilization show significantly 

decreased value of ADF content from 45.64% for 

unfertilized variant at average value between 32.10 

– 39.79 % DM for variants with different quantity 

of mineral fertilization.  

 

Table 2  

Influence of organic and mineral fertilization on chemical composition of the fodder  
Âobtained from Nardus stricta L. grasslands (% DM) 

Variant CP  A  EE  NDF  ADF  ADL  P  

Experience 1: Organic fertilization 

V1 Unfertilized control 6.38
 

5.45 1.64 74.71
 

47.09
 

10.96
 

0.07 

V2 20 t ha
-1

 every year; 9.32
*** 

9.78
***

 1.97
** 

60.20
*** 

38.44
*** 

10.40
* 

0.15
* 

V3 30 t ha
-1

 every year; 11.53
*** 

8.98
**
 1.64 55.12

*** 
37.47

*** 
10.40

* 
0.22

*** 

V4 40 t ha
-1

 every year; 9.73
***

 10.53
*** 

1.94
** 

50.08
*** 

38.48
*** 

10.38
* 

0.18
** 

V5 50 t ha
-1

 every year; 10.75
***

 10.21
*** 

2.17
*** 

53.80
*** 

40.71
*** 

9.92
*** 

0.31
*** 

V6 20 t ha
-1

 every 2 years; 11.70
***

 8.80
** 

1.67 57.49
*** 

37.65
*** 

9.92
*** 

0.41
*** 

V7 30 t ha
-1

 every 2 years; 12.03
***

 9.03
*** 

1.28
** 

57.78
*** 

39.41
*** 

9.48
*** 

0.20
** 

V8 40 t ha
-1

 every 2 years; 12.80
***

 9.42
***

 1.34
** 

55.93
*** 

38.56
*** 

9.60
*** 

0.23
*** 

V9 50 t ha
-1

 every 2 years; 13.14
***

 10.02
*** 

1.46 54.78
*** 

43.11
*** 

9.20
*** 

0.43
*** 

LSD 0.05 0.88 1.86 0.22 0.66 0.67 0.43 0.08 

LSD 0.01 1.22 2.57 0.30 0.91 0.93 0.59 0.11 

LSD 0.001 1.67 3.54 0.41 1.25 1.27 0.81 0.15 

Experience 2: Mineral fertilization 

V1 Unfertilized control 6.48 7.65 2.74 72.25 45.64 10.22 0.07 

V2 N100P100; 6.59
***

 6.29
*** 

3.01
**
 59.17

***
 34.37

***
 9.64

**
 0.14

** 

V3 N140P140; 8.08
***

 6.24
***

 3.12
***

 58.81
***

 33.23
***

 9.80
* 

0.18
*** 

V4 N200P200 10.13
***

 7.07
**
 3.19

***
 51.92

***
 33.28

***
 9.50

** 
0.17

*** 

V5 N100P100 + N40P40 11.47
***

 6.01
*** 

2.96
* 

55.28
***

 33.79
***

 9.71
* 

0.13
** 

V6 N100P100 + N100P100 14.08
***

 7.26
*
 3.28

***
 54.18

***
 32.10

***
 10.54 0.28

** 

V7 N80P80 + N60P60 11.05
***

 6.17
*** 

2.59 59.28
***

 39.79
***

 9.62
*** 

0.29
** 

LSD 0.05 0.21 0.32 0.18 1.23 0.69 0.40 0.05 

LSD 0.01 0.29 0.44 0.26 1.73 0.97 0.56 0.07 

LSD 0.001 0.41 0.63 0.37 2.44 1.37 0.80 0.10 

CP - crude protein; A – ash; EE - ether extract; NDF- neutral detergent fibre; ADF - acid detergent fibre; ADL - 

sulphuric lignin content; P - total phosphorus; * =p< 0.05; **= p< 0.01; ***= p< 0.001 

 

Lignin is a polymer formed from monolignols 

derived from the phenylpropanoid pathway in 

vascular plants. It is deposited in cell walls of plant 

as part of the process of cell maturation. Lignin is 

considered an anti-quality component in forages 

because of its negative impact on the nutritional 

availability of plant fibre (Moore and Jung, 2001). 

Therefore, lignifications has a direct impact on the 

digestibility energy value of the forages. ADL 

content of forages from this study show significant 

differences between unfertilized variants, 10.96% 

for experience with organic fertilization, 10.22% 

for experience with mineral fertilizations, 

respectively and fertilization variants 9.20% - 

10.40% for organic fertilizations variants and 

9.50% - 10.54% for mineral fertilizations. The 

lowest value for ADL was obtain for variant where 

was applied the highest quantity of both organic 
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fertilizants 9.20% (variant where was applied 50t 

ha-1 manure at every 2 years) and mineral 

fertilizations variant, 9.50% (variant with N200P200). 

For fertilization with different rates of manure 

(Table 2) could be observed that content of total 

phosphorus increased form 0.07% for unfertilized 

variant to average value between 0.15% and 0.43% 

depending on the variant fertilization. The largest 

increase was observed for the variants when were 

applied 20 tones of manure per hectare every two 

years (0.41%) and 50 tones of manure per hectare 

every two years (0.43%). In case of variants with 

mineral fertilization, was also observed an increase 

of total phosphorus content from 0.07% for 

unfertilized variant at 0.28% and 0.29% for 

variants where was applied N100P100 + N100P100 and 

N80P80 + N60P60, respectively. 

Table 3 
The influence of fertilization on quality of the forage from a Nardus stricta L. permanent grassland in 2010. 

Variant DDM 

(% DM) 

DMI 

(% DM) 

RFV 

(% DM) 

CPD 

(% DM) 

NEL 

(Mcal/lb) 

TDN 

(% DM) 

Experience 1: Organic fertilization 

V1 Unfertilized control 53.35 1.61 65.01 2.02 0.50 49.89 

V2 20 Mg ha
-1

 every year; 62.12
***

 1.99
* 

91.11
***

 4.70
*** 

0.61
*
 59.53 

***
 

V3 30 Mg ha
-1

 every year; 63.01
***

 2.18
**
 100.77

***
 6.70

***
 0.62

**
 60.60

***
 

V4 40 Mg ha
-1

 every year; 62.98
***

 2.40
*** 

109.45
***

 5.07
***

 0.61
*
 59.48

***
 

V5 50 Mg ha
-1

 every year; 62.58
***

 2.23
*** 

98.88
***

 5.99
***

 0.58
*
 57.00

***
 

V6 20 Mg ha
-1

 every 2 years; 63.89
***

 2.09
**
 96.38

***
 6.85

***
 0.62

**
 60.40

***
 

V7 30 Mg ha
-1

 every 2 years; 57.91
***

 2.08
**
 93.70

***
 7.15

***
 0.60

*
 58.45

***
 

V8 40 Mg ha
-1

 every 2 years; 53.35
***

 2.15
**
 97.90

***
 7.86

***
 0.61

*
 59.39

***
 

V9 50 Mg ha
-1

 every 2 years; 62.12
***

 2.19
**
 93.93

***
 8.16

***
 0.55

*
 54.32

***
 

LSD 0.05 0.82 0.31 0.87 0.56 0.08 0.15 

LSD 0.01 1.13 0.43 1.20 0.77 0.12 0.21 

LSD 0.001 1.56 0.59 1.65 1.06 0.16 0.29 

Experience 2: Mineral fertilization 

V1 Unfertilized control 53.35 1.66 68.68 2.12 0.50 51.51 

V2 N100P100; 54.33
***

 2.03
**
 97.67

***
 2.22

***
 0.61

*
 64.05

** 

V3 N140P140; 55.22
***

 2.04
**
 99.67

***
 3.57

***
 0.62

**
 65.33

***
 

V4 N200P200 55.19
***

 2.31
***

 112.83
***

 5.43
***

 0.61
* 

65.27
***

 

V5 N100P100 + N40P40 54.79
***

 2.17
**
 105.29

***
 6.64

***
 0.58

*
 64.70

***
 

V6 N100P100 + N100P100 56.10
***

 2.21
***

 109.69
***

 9.01
***

 0.62
** 

66.58v 

V7 N80P80 + N60P60 57.91
***

 2.02
**
 90.87

***
 6.27

***
 0.60

* 
58.03

**
 

LSD 0.05 0.34 0.06 1.43 0.15 0.04 0.77 

LSD 0.01 0.47 0.09 2.01 0.21 0.05 1.09 

LSD 0.001 0.67 0.13 2.83 0.30 0.07 1.53 

DDM - digestible dry matter; DMI- dry matter intake; RFV- relative nutritional value CPD- digestible crude 

proteine; NEL- net energy of lactation; TDN- total digestible nutrients; * =p< 0.05; **= p< 0.01; ***= p< 0.001 

 

Water, protein and energy are the nutritive 

elements that are required by the grazing animals 

in higher quantities for proper growth and 

production (Mountousisa et al. 2011). Often it has 

been suggested that the quality of feeds depends 

primarily on the energy content of them and 

particularly the component of metabolizable 

energy (Mlay et al. 2006). Thus, the influence of 

organic inputs and mineral fertilizants on the 

energy content of feed produced from a permanent 

grassland of Nardus stricta L. can be observed 

from the calculated quality parameters for the 

produced forages (table 3). The Relative Feed 

Value index estimates digestible dry matter (DDM) 

of the forages from ADF, and calculates the DM 

intake potential (as a percent of body weight, BW) 

from NDF. The index is then calculated as DDM 

multiplied by dry matter intake (DMI as a % of 

BW) and divided by 1.29. The total digestible 

nutrients (TDN), relative nutritive value (RVF) and 

net energy of lactation (NEL) increased 

significantly (p <0.01) both in organic and mineral 

input variants. 

As concern the variants of fertilization with 

manure there is a clear difference between control 

variant, unfertilized (V1), along the first factor and 
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the other variants fertilized with different doses of 

organic fertilizer and also, for the experience 

where was applied mineral fertilizer (figure 1). 
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Figure 1 Factor loadings for variants of organic and mineral fertilization 

 

In experience where was applied manure 

was a difference between variants where manure 

was applied every year (V2-20 t ha
-1

, V3- 30 t ha
-1

, 

V4-40 t ha
-1

, V5- 50 t ha
-1

) and variants where 

manure was applied at every two years (V6-20 t ha
-

1
, V7- 30 t ha

-1
, V8-40 t ha

-1
, V9- 50 t ha

-1
). In the 

experience where was applied mineral fertilization 

significant difference was between V6  variant 

(N100P100 + N100P100) and the other variants with 

different dose of chemical fertilization. 

 

CONCLUSION 

 

While on permanent grassland of Dorna 

Depression have been conducted numerous studies 

to increase their productivity, the studies on 

nutritive value of these forages are rather few and 

incomplete. 

The fertilization of Nardus stricta L. 

grasslands with organic and mineral fertilizers 

significantly improves its quality by increasing CP, 

total phosphorous content and by decreasing NDF, 

ADF and ADL levels. No significant differences 

between the use of organic and mineral 

fertilization were observed. This sustain the use of 

organic fertilizers, considering that currently 

agricultural practices recommend reducing the use 

of chemical fertilizers and promote other sources 

of fertilizer. The most advantageous variant of 

organic fertilization is V4 (40 Mg ha
-1

 every year).  

Relative feed value continues to be widely 

used as an index to assess quality, compare forage 

varieties, and forages price. However, differences 

in the digestibility of the fibre fraction can result in 

a difference in animal performance when forages 

with a similar RFV index are fed. The results for 

the relative nutritional value indicate average 

quality forages produced on the fertilized variants. 
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