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1   Introduction

Like in many countries of temperate climates, also 
in Austria fresh and conserved grass is the main home-
grown forage for ruminants (BMLFUW, 2005). Grassland 
accounts for 60% of total farmland, of which over 92% 
is permanent grassland (46% productive grassland, 46% 
extensive grassland, 8% ley farming). Therefore, DM yield 
of grassland and its nutrient content are essential criteria 
for the economics of milk production in a dairy farm.

For a long-term economic success in milk 
production, dairy cows have to be fed according to their 

nutrient requirements (Daccord, 1992). This allows a 
level of production corresponding to the genetic potential 
of the cows and therefore minimize metabolic diseases. 
Further, it is well established that the economic efficiency 
of milk production increases with milk yield mainly due 
to a relative reduction of maintenance requirements. This 
was demonstrated both in model calculations (BMLFUW, 
2002) and economic investigations on practical dairy 
farms (BMLFUW, 2006). However, the needs regarding 
feeding and ration increase with milk yield, since the feed 
intake capacity of the cows does not rise to the same extent 
as milk yield does. Besides feeding more concentrates, the 
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The objective of the study was to investigate the impact of cutting frequency and fertilisation on yield and nutrient content in Al-
pine permanent grassland as well as on agronomic parameters of milk production with dairy cows depending on these grassland 
management factors. The experiment was based on a 3 × 3 two-factorial design, consisting of 3 levels of cutting frequency (2, 3, 4 
cuts per year) and 3 levels of fertilisation (80, 160, 240 kg N per hectare). The nutrients were supplied both by liquid manure (15, 
30 and 45 mł per ha) and mineral fertilizers. Cutting frequency showed a highly significant impact on an all nutrient parameters 
investigated (10.5, 13.0, 16.4 % CP; 60.0, 52.4, 45.1 % NDF; 54.4, 65.7, 74.2 % dOM in vitro; 69.1, 75.9, 82.1 % in situ DM 
degradability). DM yield was highest at medium cutting frequency (10717, 11198, 10756 kg DM), but differences were not great, 
although significant.
Based on the results of the grassland experiment, model calculations were carried out for both a feeding regime without concentrate 
and a concentrate supply according to animal requirements. The impact of forage quality on feed intake is of major consequence. 
By higher forage intake – accompanied with lower DM yield of grassland – the possible stocking rate is significantly reduced with 
cutting frequency (1.62, 1.60, 1.47 and 2.21, 1.87, 1.55 cows per ha with the two concentrate levels). From this it follows that the 
improved feed intake (and therefore milk yield) on animal level does not necessarily result in higher milk productivity on area 
level (i.e. milk yield per hectare). The same is true for N excretion. Furthermore, there is a significant interaction between cutting 
frequency of grassland and concentrate level in dairy cow feeding. At low concentrate levels, the increase of individual milk yield 
and N excretion exceeds the effect of the reduced stocking rate, resulting in higher milk yield (4654, 7049, 8310 kg) and N excre-
tion (127, 149, 181 kg) per hectare forage area. The opposite is true for concentrate levels necessary to fulfill nutrient requirements 
of the cows. The highest milk yield (14207, 12003, 10118 kg) and N excretion (207, 183, 189 kg) per hectare forage area can be 
expected at low cutting frequency. However, when the results are related to the total area necessary for milk production (i.e. forage 
plus concentrates), the highest milk yield and N excretion is achieved with high cutting frequency of grassland.
It is concluded that optimal cutting frequency of permanent grassland has to consider a sustainable grassland management aiming at 
a stable botanical composition, nutrient content, DM yield and dense swards. From the viewpoint of dairy cow nutrition, the forage 
quality required to feed dairy cows has to be enhanced in proportion with the intended milk yield.
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increase of forage quality is a good means for improving 
the nutrient concentration of the ration.

While the advantage of cutting grassland early, i.e. 
high forage quality, is generally accepted on animal level 
because of the above-mentioned reasons and confirmed in 
many feeding trials (Spahr et al., 1961; Kristensen et al., 
1979; Gruber et al., 1995) as well as by many economic 
calculations (e.g. BMLFUW, 2002 and 2006), the milk 
productivity on farm level, i.e. milk production per area 
unit, is not necessarily the highest with the highest forage 
quality. Gruber et al. (1999, 2000) found the highest milk 
production per area at a medium cutting frequency, when 
comparing cutting regimes of 2, 3 and 4 cuts per year. The 
results could be explained due to two reasons: (1) The 
DM yield of grassland is reduced with increasing cutting 
frequency and (2) The high forage intake as a consequence 
of high forage quality. Both factors result in a lower stocking 
rate, i.e. number of cows per hectare, which leads to lower 
milk production per area, besides the higher milk yield per 
cow. Moreover, a significant interaction between forage 
quality and concentrate level was established: the milk 
production per hectare is highest with high forage quality 
and low (zero) concentrate levels, the milk production is 
lowest when feeding concentrates according to nutrient 
requirements. It should be taken into consideration that 
the nutrient excretions of the cows follow the same pattern 
on an area level (Gruber et al., 1999). The importance of 
relating the milk production not only to the animal level but 
also to the area level was pointed out by Van Soest (1994) 
and Thomet (1999), too. According to Van Soest (1994) the 
relative costs determine which criterion has to be applied. 
The objective of this study was to investigate the influence 
of grassland management in Alpine permanent grassland 
on nutritive value, DM yield and agronomic parameters 
(milk production, nutrient excretion), both on an animal 
and on farm level.

2   Materials and methods

The study was conducted at the Federal Agricultural 
Research and Education Centre Raumberg-Gumpenstein 
(HBLFA) in the province of Styria (Austria) for six years 
from 1998 – 2003.

2.1   Experimental design

The experiment was planned in order to investigate 
the impact of cutting frequency and fertilisation level 
on yield and nutrient content in Alpine permanent 
grassland as well as on agronomic parameters of milk 
production with dairy cows depending on these grassland 
management factors. The experiment was based on a 3 × 
3 two-factorial design, consisting of 3 levels of cutting 
frequency and 3 levels of fertilisation each (Table 1).

Table 1:	 Experimental design

Fertilisation Cutting frequency

level kg N/
hectare

2 cuts/
year

3 cuts/
year

4 cuts/
year

Low 80 2-L 3-L 4-L

Medium 160 2-M 3-M 4-M

High 240 2-H 3-H 4-H

Cutting frequency and harvest dates

The harvest dates for the 3 cutting frequency 
levels are shown in Table 2. The dates were scheduled 
in order to yield similar DM portions of the growths 
and regrowths within each cutting frequency level. The 
dates are based on long-term experiences of our research 
station and take the climatic growing conditions of the 
region into account.

Table 2:	 Harvest dates in the cutting frequency levels

Harvest Cutting frequency
date 2 cuts/year 3 cuts/year 4 cuts/year

Date 1 25 June 30 May 20 May

Date 2 30 September 30 July 30 June

Date 3 30 September 10 August

Date 4 30 September

Fertilisation level

The fertilisation levels cover the low, medium 
and high extent of nutrient supply regarding Austrian 
grassland management, i.e. 80, 160 and 240 kg N per 
hectare and year (Table 3). The nutrients were supplied 
both by liquid manure and mineral fertilizers. The amounts 
of slurry were 15, 30 and 45 mł per hectare and year in 
fertilisation levels L, M and H, respectively. The medium 
amount of slurry (30 mł per hectare) can be expected 
under the mean growing conditions and intensity of dairy 
production in Austria. Starting from this mean value the 
amount of slurry was defined as 15 and 45 mł in treatments 
L and H. The calculations were based on literature data 
(Schechtner et al., 1991, 1993; Windisch et al., 1991; 
Gruber & Steinwidder, 1996), on official guidelines for 
appropriate fertilisation in Austria (BMLF, 1996) and on 
experimental results of our institute (Gruber et al., 1999). 
A nutrient content of 4.48 g N (75% efficiency), 0.65 g P 
and 3.93 g K per kg slurry was assumed (based on long-
term analyses on the experimental farm of the institute). 
The difference between the nutrient level intended by the 
experimental design and the nutrient supply with liquid 
manure was supplemented by mineral fertilizers (Table 
3). The P and K supply was calculated from expected DM 
yields and mean P und K contents of the forage according 
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to BMLF (1996). The nitrogen level in treatment H is a 
little above recommendations for medium N fertilisation 
when high DM yields are expected (Schechtner, 1993). 
The level of nitrogen planned in treatment L corresponds 
to an amount which is supplied by animal excretions 
at extensive production conditions (Schechtner, 1993). 
Slurry and mineral N were proportionally administered to 
each growth, whereas the P and K fertilizers were given 
once a year in spring. According to a strict cross-classified 
design the fertilisation levels were kept constant in each 
cutting frequency level in order to calculate possible 
statistical interactions between cutting frequency and 
fertilisation.

Table 3:	 Fertilisation regime in the grassland 		
	 experiment (per hectare and year)

Nutrient or Fertilisation level
Fertilizer Low Medium High
Nutrient supply
Nitrogen (N) kg 80 160 240
Phosphorus (P) kg 26 31 37
Potassium (K) kg 161 196 230
Amount of slurry
Slurry (10% DM) mł 15 30 45
Mineral fertilizers
N (Nitramoncal, 27% N) kg 126 253 379
P (Hyperkorn, 26% P2O5) kg 130 87 44
K (Kali 40, 40% K2O) kg 309 236 164

2.2   Experimental locations and climatic
        conditions

Experimental locations

The experimental locations are described in Table 
4. The plant communities investigated belong to the 
Lolio perennis-Cynosuretum on a deep non-calcareous 
Cambisol with a balanced water regime, to a wet Lolio 
perennis-Cynosuretum on a gleyic Fluvisol, and to the 
Ranunculo repentis-Alopecuretum pratensis on an 
extremely gleyic Fluvisol. The Ranunculo repentis-
Alopecuretum pratensis is a typical wet meadow on 
hydromorphic soils (Bohner, personal communication).

Climatic conditions

The climatic conditions during the six years 
of experimentation are shown in Table 5. The mean 
temperature was 14.5 °C; in the years 2000 and 2003 
it was clearly above average and in the year 2001 
significantly below the mean value. Global radiation and 
sunshine duration correlate significantly with the mean 
temperature (r = 0.652 and 0.646), whereas temperature 
and precipitation are negatively correlated (-0.728), as 
expected. The mean rainfall during the vegetation period 
(April – September) was 681 mm, 2000 and 2003 clearly 
being “dry years” (571 and 560 mm), 2002 a wet year 
(808 mm).

Table 5:	 Climatic parameters in the experimental 	 	
	 years (means 01 Apr – 30 Sept)

1998 1999 2000 2001

Temperature °C 14.3 14.7 15.0 13.9
Relative humidity % 73.7 72.3 69.2 71.6
Global radiation MJ/m2 15.9 16.7 17.5 16.3
Sunshine duration h/d 5.3 5.7 6.4 5.7
Precipitation mm/m2 758 587 571 669

2002 2003 Mean

Temperature °C 14.5 15.6 14.5
Relative humidity % 74.5 72.5 72.4
Global radiation MJ/m2 17.3 18.4 17.1
Sunshine duration h/d 6.1 7.1 6.0
Precipitation mm/m2 808 560 681

2.3   Investigations and nutrient analyses

Dry matter yield

The experimental allotments were 11 × 6 m (66 
m˛) with 2 replications, in order to yield forage sufficient 
for in vivo digestibility trials using wethers (Gruber, 
unpublished results). A margin of 0.5 m was applied on 
each side of an allotment to prevent experimental errors. 
The DM content was determined immediately after cutting 

Table 4:  Description of experimental locations

Location Meadow A Meadow B Meadow C
Exposition flat site flat site flat site
Soil type non-calcareous Cambisol gleyic Fluvisol extremely gleyic Fluvisol
Soil texture sandy loam sandy silt silt
Soil depth deep medium medium
Plant community Lolio perennis-Cynosuretum with 

Poa trivialis, Elymus repens and 
Dactylis glomerata

Lolio perennis-Cynosuretum with 
Alopecurus pratensis and plant species 
indicating wet soil conditions

Ranunculo repentis-
Alopecuretum pratensis

Gruber.indd   28 1. 12. 2006   11:48:51



29

Slovak J. Anim. Sci., 39, 2006 (1-2)

by oven drying (105 °C for 24 h). After harvesting, the 
fresh forage was wilted for some hours and conserved by 
barn drying. For digestibility trials and chemical analyses 
the growths of each harvest year were bulked within a 
treatment to yield a pooled “year sample” representing 
the proportional DM yield of the single growths.

Nutrient analyses

Chemical analyses: The chemical analyses were 
carried out by conventional methods as described by 
VDLUFA (1976) and ALVA (1983) using devices of 
Tecator (Weende crude nutrients, cell wall analyses; 
Van Soest et al., 1991) as well as atomic absorption 
spectroscopy (minerals and trace elements).

in vitro digestibility: The procedure as outlined 
by De Boever et al. (1986) and modified by VDLUFA 
(1993) was carried out, using the cellulase enzyme of 
type Onozuka R-10 from Trichoderma viride. In this 
method the sample is treated successively with pepsin-
HCL and cellulase at 40 °C. Starch is hydrolized at 80 
°C for 45 minutes between these two steps. The energy 
content (ME, NEL) was computed applying the regression 
equations of GfE (1998), which are based on in vitro 
digestibility (cellulase) and Weende crude nutrients.

in situ degradability: The in situ degradability 
measurements and analyses were conducted as described 
by Ørskov et al. ���������������������������������������    (1980), Michalet-Doreau et al. ��������(1987), 
Madsen & Hvelplund (1994), Huntington & Givens 
(1995), NRC (2001) and Südekum (2005). Four ruminally 
fistulated steers (1,130 kg mean LW) were used for the 
incubations (Model 1C, Bar Diamond, Parma, ID, USA). 
They were fed near energy maintenance level, the ration 
consisting of 75% forage (⅓ hay, ⅓ grass silage, ⅓ maize 
silage) and 25% concentrates (35% barley, 25% wheat, 
15% dried beet pulp, 15% soybean meal, 7% wheat 
bran, 3% minerals). Incubation times were 0, 3, 6, 10, 
14, 24, 34, 72, 96, 120, according to recommendations 
of Mertens (2005). Nylon bags of Ankom Technology 
(Fairport, New York, USA) were used (pore size 53 μm, 
20 × 10 cm), the ratio of sample weight to bag surface 
area being about 15 mg/cm˛ (6 g sample per bag). The 
method used at our institute is described in more detail at 
Gruber et al. (2005). The degradation data were fitted to 
the model of Ørskov & McDonald (1979) and McDonald 
(1981), in case of lag-time > 0:

deg = a + b × (1 – exp(–c × (t – lag)))

deg = degradation of feedstuff (nutrient) at time t (%)
a = soluble and completely degradable fraction (%)
b = insoluble, potentially degradable fraction (%)
c = rate constant of degradation (per h)
lag = lag phase (h)

Since the degradability is essentially influenced 

by the rate of passage, the effective degradability (ED2, 
ED5, ED8) was calculated, considering rates of passage 
of kp = 0.02, 0.05 and 0.08 (per h), following the equations 
of Ørskov & McDonald (1979) and Südekum (2005):

EDk = a + [(b × c) / (c + k)] × exp(–k × lag)

2.4   Calculation of feed intake and nutrient 
        excretion

The DM intake has been calculated using the feed 
intake prediction equation of Gruber et al. (2001). In 
this equation both nutritional factors (forage quality and 
composition, concentrate level) and animal factors (milk 
yield, live weight, stage of lactation, breed) are used as 
predictors for feed intake. It is well established that feed 
intake of dairy cows is controlled by these physiological 
and nutritional factors (e.g. Wangsness & Muller, 1981; 
Van Soest, 1994; Forbes, 1995). The feed intake prediction 
equation is based on feeding experiments performed at 
HBLFA Raumberg-Gumpenstein for 20 years (n = 4,555, 
R˛ = 0.914, RSD = 0.88 kg DM). To obtain realistic 
results when modelling in milk production, it is necessary 
to account for stage of lactation and the dry period since 
nutrient requirements and therefore feed intake change 
during lactation and dry period as a consequence of 
variable nutrient outputs (milk and foetus). In the present 
model the calculations were performed for every week 
of lactation and of dry period. Additionally, the effect 
of lactation number was also taken into account, by 
applying the results of the official milk recording data 
of Austria both regarding yield and breed frequency as 
well as parity (ZAR, 2006). As a standard practice in 
Austria, the “Recommendations for the Supply of Energy 
and Nutrients of Cows and Heifers” of the Society of 
Nutrition Physiology (GfE, 2001) were used as feeding 
standards in the model calculations.

The calculation of nitrogen excretion of dairy cows 
followed the guidelines of the European Commission 
(2002), where the N excretion is the difference between 
N intake with feed and N output in products:

Nmanure = Ndiet – Nproducts – Ngaseous losses
Ndiet = DM Intake × N content

2.5   Statistical analyses

Check of data, descriptive analyses and calculation 
of degradation parameters were performed using the 
respective procedures of Statgraphics Plus (2000). All 
data (n = 162) were statistically analyzed by carrying out 
a multifactor analysis of variance, the main effects being 
cutting frequency (2, 3, 4), fertilisation level (L, M, H), 
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meadow (A, B, C) and year (1998 – 2003) together with 
their two-way interactions, using the statistical package 
of Harvey (1987). Multiple comparisons were carried 
out to identify statistically significant differences among 
means using the method of Student-Newman-Keuls 
(confidence level P ≤ 0.05).

3   Results and discussion

3.1   Nutrient and mineral content of the forage

As expected, cutting frequency showed a highly 
significant impact on an all nutrient parameters investigated 
(Table 6). Crude protein content increased with cutting 
frequency (10.5, 13.0, 16.4 % in cutting frequency 
levels 2, 3 and 4, respectively). On the other hand the 
content of crude fibre (32.6, 28.8, 24.3 %) and the Van 
Soest cell wall substances (NDF, ADF, ADL) decreased 
with cutting frequency (60.0, 52.4, 45.1 % NDF). This 
was accompanied with increased digestibility (54.4, 
65.7, 74.2 % dOM [in vitro]) and energy concentration 
(8.4, 9.3, 9.9 MJ ME). This was due to morphological 
changes of the plants during vegetation towards a higher 

stem portion and its increasing lignification (Kühbauch, 
1987; Minson, 1990; Van Soest, 1994, Jung & Allen, 
1995; Südekum et al., 1995; Gruber et al., 2000). The 
protein content was increased to a higher extent than the 
energy content, which leads to N surplus in the rumen, 
i.e. positive ruminal nitrogen balance (-0.9, +0.9, +4.1 g 
RNB). Further, the content of minerals as well as trace 
elements was significantly higher in forage cut more 
frequently (e.g. 4.7, 6.2, 7.4 g Ca; 2.4, 3.2, 3.7 g P; 28, 
33, 37 mg Zn). This was also shown in a comprehensive 
evaluation of forage samples of Austrian farms (Gruber 
et al., 1994). Both morphological and botanical changes 
are responsible for higher mineral contents with more 
frequent cutting (DLG, 1973; Kühbauch, 1987). The 
mineral content is higher in leaves than in stems and 
legumes are higher in alkaline earth metals than grasses.

Compared to cutting frequency, the impact of 
fertilisation regarding nutrient content was much smaller 
(Table 6). There was no significant difference between the 
3 fertilisation levels concerning the content of crude fibre 
and cell walls (52.2, 52.5, 52.8 % NDF) and consequently 
digestibility (64.9, 64.8, 64.5 % dOM) and energy 
concentration. However protein content was highest at the 

Table 6:	 Nutrient and mineral content of forages depending on main effects (cutting frequency and fertilisation)
Parameters Cutting frequency Fertilisation RSD P values R˛2 3 4 L M H C F M Y
Crude nutrients
DM g/kg FM 845 a 841 b 839 b 842 842 840 7 0.001 0.354 0.000 0.000 0.772
CP g/kg DM 105 a 130 b 164 c 129 a 129 a 140 b 9 0.000 0.000 0.001 0.000 0.940
CFat g/kg DM 18 a 22 b 25 c 22 22 21 2 0.000 0.148 0.000 0.000 0.895
CF g/kg DM 326 a 288 b 243 c 284 286 287 14 0.000 0.500 0.133 0.000 0.918
NfE g/kg DM 449 448 442 453 a 452 a 435 b 15 0.044 0.000 0.420 0.000 0.709
CAsh g/kg DM 102 a 112 b 126 c 112 ab 111 a 117 b 13 0.000 0.043 0.076 0.000 0.706
Cell walls                      
NDF g/kg DM 600 a 524 b 451 c 522 525 528 21 0.000 0.251 0.000 0.000 0.938
ADF g/kg DM 357 a 318 b 277 c 318 318 317 13 0.000 0.977 0.083 0.000 0.919
ADL g/kg DM 50 a 39 b 31 c 40 40 40 3 0.000 0.372 0.000 0.000 0.960
Digest. and energy                      
dOM % 54.4 a 65.7 b 74.2 c 64.9 64.8 64.5 2.5 0.000 0.689 0.000 0.018 0.946
DOMD g/kg DM 489 a 583 b 649 c 576 576 569 22 0.000 0.226 0.000 0.008 0.935
ME MJ/kg DM 8.42 a 9.27 b 9.88 c 9.22 9.21 9.14 0.27 0.000 0.283 0.000 0.011 0.899
NEL MJ/kg DM 4.86 a 5.47 b 5.91 c 5.43 5.43 5.38 0.18 0.000 0.283 0.000 0.015 0.904
Protein value                      
UDP % CP 19.8 a 19.8 b 19.7 c 19.7 19.8 19.8 0.003 0.000 0.506 0.134 0.000 0.918
nXP g/kg DM 110 a 125 b 138 c 124 124 125 4 0.000 0.058 0.000 0.000 0.943
RNB g/kg DM -0.9 a 0.9 b 4.1 c 0.9 a 0.9 a 2.4 b 1.1 0.000 0.000 0.029 0.000 0.901
Minerals                      
Ca g/kg DM 4.7 a 6.2 b 7.4 c 6.5 a 6.1 b 5.7 c 0.6 0.000 0.000 0.000 0.000 0.874
P g/kg DM 2.4 a 2.8 b 3.2 c 2.8 2.8 2.8 0.3 0.000 0.560 0.000 0.004 0.880
Mg g/kg DM 2.4 a 3.2 b 3.7 c 3.2 3.1 3.0 0.5 0.000 0.072 0.001 0.000 0.797
K g/kg DM 22.5 a 25.3 b 26.6 c 24.2 a 24.3 a 25.8 b 2.0 0.000 0.000 0.017 0.000 0.745
Na g/kg DM 0.21 a 0.40 b 0.62 c 0.40 0.40 0.42 7.18 0.001 0.354 0.000 0.000 0.772
Trace elements                      
Mn mg/kg DM 97 a 105 b 111 b 112 a 102 b 98 b 18 0.001 0.000 0.000 0.000 0.822
Zn mg/kg DM 28 a 33 b 37 c 33 33 33 3 0.000 0.308 0.011 0.003 0.818
Cu mg/kg DM 8.7 a 10.4 b 12.4 c 10.2 a 10.2 a 11.2 b 0.7 0.000 0.000 0.000 0.000 0.924

Cutting frequency: 2, 3, 4 cuts per year; Fertilisation level: L, M, H;  80, 160, 240 kg N per hectare
Main effects: C = cutting frequency, F = fertilisation level, M = meadow, Y = year;  DM = dry matter
CP = crude protein, Cfat = crude fat, CF = crude fibre, NfE = nitrogen-free extracts, CAsh = crude ash, NDF = neutral detergent fibre, ADF = acid 
detergent fibre, ADL = acid detergent lignin, dOM = digestibility of organic matter (OM), DOMD = digestible OM in DM, ME = metaboliable 
energy, NEL = net energy lactation, UDP = undegraded protein, nXP = utilizable protein at duodenum, RNB = ruminal nitrogen balance (GfE, 2001)
Ca = calcium, P = phosphorus, Mg = magnesium, K = potassium, Na = sodium; Mn = manganese, Zn = zinc, Cu = copper
Different letters in a row indicate that the means are significantly (P ≤ 0.05) different between the treatments (Student-Newman-Keuls test)
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high N fertilisation level (12.9, 12.9, 14.0 % CP), which 
can be explained both by a higher N supply and a change 
in botanical composition. As regard minerals, the influence 
of fertilisation was quite varied. The content of Ca, Mg 
and Mn decreased with increasing fertilisation level and 
the content of K and Cu increased, whereas no significant 

Table 7:	 Nutrient and mineral content of forages depending on interaction (cutting frequency × fertilisation)

Cutting frequency Fertilization L Fertilization M Fertilization H P values
2 3 4 2 3 4 2 3 4 C×F C×M C×Y F×M F×Y M×Y

Crude nutrients
DM g/kg FM 846 841 840 845 840 841 843 841 838 0.823 0.002 0.000 0.229 0.621 0.000
CP g/kg DM 95 131 162 103 124 161 117 136 168 0.000 0.000 0.000 0.036 0.704 0.000
CFat g/kg DM 19 22 25 18 22 25 18 21 25 0.934 0.545 0.001 0.636 0.872 0.004
CF g/kg DM 326 284 242 330 286 242 321 294 246 0.044 0.306 0.000 0.001 0.664 0.000
NfE g/kg DM 462 449 447 447 460 448 438 435 431 0.009 0.000 0.000 0.160 0.365 0.000
CAsh g/kg DM 98 114 123 101 108 123 107 113 131 0.525 0.111 0.000 0.006 0.394 0.008
Cell walls
NDF g/kg DM 599 518 448 603 521 452 599 533 454 0.509 0.001 0.000 0.000 0.862 0.000
ADF g/kg DM 359 316 278 361 317 275 352 323 277 0.071 0.516 0.008 0.009 0.981 0.000
ADL g/kg DM 50 39 31 50 39 30 50 40 30 0.433 0.000 0.005 0.642 0.435 0.000
Digest. and energy
dOM % 54.5 66.4 73.8 54.0 65.9 74.6 54.8 64.7 74.1 0.204 0.216 0.004 0.177 0.831 0.000
DOMD g/kg DM 491 589 646 486 588 654 490 573 645 0.273 0.104 0.013 0.460 0.829 0.000
ME MJ/kg DM 8.47 9.34 9.85 8.38 9.31 9.94 8.40 9.17 9.86 0.453 0.007 0.007 0.464 0.992 0.020
NEL MJ/kg DM 4.90 5.51 5.89 4.84 5.49 5.95 4.85 5.39 5.90 0.392 0.008 0.010 0.437 0.993 0.019
Protein value
UDP % CP 19.8 19.7 19.7 19.8 19.8 19.7 19.8 19.8 19.7 0.043 0.301 0.000 0.001 0.656 0.000
nXP g/kg DM 109 125 137 110 124 138 113 125 138 0.092 0.026 0.011 0.250 0.987 0.001
RNB g/kg DM -2.2 0.8 4.0 -1.0 0.1 3.7 0.6 1.8 4.7 0.000 0.000 0.000 0.043 0.640 0.000
Minerals
Ca g/kg DM 5.0 6.6 7.8 4.7 6.1 7.4 4.5 5.8 6.9 0.758 0.000 0.002 0.005 0.525 0.000
P g/kg DM 2.5 2.8 3.2 2.3 2.9 3.2 2.3 2.7 3.3 0.019 0.228 0.000 0.389 0.733 0.000
Mg g/kg DM 2.4 3.4 3.9 2.4 3.4 3.6 2.4 3.0 3.6 0.121 0.012 0.033 0.016 0.093 0.000
K g/kg DM 22.1 24.9 25.7 22.0 24.9 26.1 23.5 26.0 27.8 0.878 0.001 0.113 0.210 0.866 0.001
Na g/kg DM 0.18 0.44 0.60 0.21 0.41 0.58 0.24 0.36 0.67 0.823 0.002 0.000 0.229 0.621 0.000
Trace elements
Mn mg/kg DM 106 115 116 93 101 111 92 99 105 0.856 0.000 0.000 0.001 0.370 0.000
Zn mg/kg DM 27 34 37 28 32 38 30 33 37 0.049 0.000 0.000 0.077 0.821 0.035
Cu mg/kg DM 7.9 10.6 12.1 8.5 10.0 11.9 9.6 10.8 13.2 0.001 0.000 0.000 0.002 0.572 0.000

Cutting frequency: 2, 3, 4 cuts per year; Fertilisation level: L, M, H;  80, 160, 240 kg N per hectare; Main effects: C = cutting frequency, 
F = fertilisation level, M = meadow, Y = year
DM = dry matter, CP = crude protein, Cfat = crude fat, CF = crude fibre, NfE = nitrogen-free extracts, CAsh = crude ash
NDF = neutral detergent fibre, ADF = acid detergent fibre, ADL = acid detergent lignin, dOM = digestibility of organic matter (OM), DOMD = 
digestible OM in DM, ME = metabolizable energy, NEL = net energy lactation, UDP = undegraded protein, nXP = utilizable protein at duode-
num, RNB = ruminal nitrogen balance (GfE, 2001)
Ca = calcium, P = phosphorus, Mg = magnesium, K = potassium, Na = sodium, Mn = manganese, Zn = zinc, Cu = copper

influence was found in case of P, Na and Zn.
Interaction between cutting frequency and 

fertilisation occurred only in a few cases, especially 
with protein content. It was higher at the two-cut regime 
with high levels of N fertilisation. Further interactions 
were detected regarding the content of phosphorus, zinc 

and copper. It should be pointed out that besides cutting 
frequency and fertilisation, the meadows and years 
exhibited highly significant influences on most of the 
nutrient parameters. This can be explained primarily by the 
multifactorial impact of locations acting by soil, exposition, 

plant community etc. (Kühbauch, 1987; Minson, 1990) as 
well as by climatic influences of the individual years.

In Figure 1 the relationship between cell wall 
content and essential nutrients as well as minerals is 
illustrated, using the data of all cuts (n = 162). There is a 
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close negative correlation between NDF and protein as well 
as NEL (R˛ = 77.9 and 64.8%). Whereas the relationship 
between NDF and crude fibre is very close (R˛ = 84.5%), 
the correlation between NDF and the ratio of ADF/NDF as 
well as of ADL/NDF is not as high (R˛ = 24.4 and 23.1%), 

C P
 (
g/
kg
 D
M )

N D F content of forage (g/kg D M )

CF
 (
g/
kg
 D
M )

C a
 (
g/
kg
 D
M )

N E
L 
(M
J/
kg
 D
M )

AD
F/
N D
F 
(%
)

P 
(g
/k
g 
D M
)

R N
B 
(g
/k
g 
D M
)

AD
L/
AD
F 
(%
)

Zn
 (
m g
/k
g 
D M
)

C rude protein N et energy lactation R um inal N  balance

C rude fibre R atio A D F/N D F R atio A D L/A D F

C alcium  P hosphorus Zinc

80

100

120

140

160

180

200

375 425 475 525 575 625 675

2 C uts 3 C uts 4 C uts

4.3

4.7

5.1

5.5

5.9

6.3

6.7

375 425 475 525 575 625 675

210

240

270

300

330

360

390

375 425 475 525 575 625 675

54

58

62

66

70

375 425 475 525 575 625 675

8

9

10

11

12

13

14

15

16

17

375 425 475 525 575 625 675

3

4

5

6

7

8

9

10

375 425 475 525 575 625 675

1.6

2.1

2.6

3.1

3.6

4.1

4.6

375 425 475 525 575 625 675

15

25

35

45

55

375 425 475 525 575 625 675

-6

-4

-2

0

2

4

6

8

10

375 425 475 525 575 625 675

CP
 (
g/
kg
 D
M )

N D F content of forage (g/kg D M )

CF
 (
g/
kg
 D
M )

C a
 (
g/
kg
 D
M )

N E
L 
(M
J/
kg
 D
M )

AD
F/
N D
F 
(%
)

P 
(g
/k
g 
D M
)

R N
B 
(g
/k
g 
D M
)

AD
L/
AD
F 
(%
)

Zn
 (
m g
/k
g 
D M
)

C rude protein N et energy lactation R um inal N  balance

C rude fibre R atio A D F/N D F R atio A D L/A D F

C alcium  P hosphorus Zinc

80

100

120

140

160

180

200

375 425 475 525 575 625 675

80

100

120

140

160

180

200

375 425 475 525 575 625 675

2 C uts 3 C uts 4 C uts2 C uts 3 C uts3 C uts 4 C uts

4.3

4.7

5.1

5.5

5.9

6.3

6.7

375 425 475 525 575 625 675

4.3

4.7

5.1

4.3

4.7

5.1

5.5

5.9

6.3

6.7

375 425 475 525 575 625 675

210

240

270

300

330

360

390

375 425 475 525 575 625 675

54

58

62

66

70

375 425 475 525 575 625 675

8

9

10

11

12

13

14

15

16

17

375 425 475 525 575 625 675

3

4

5

6

7

8

9

10

375 425 475 525 575 625 675

1.6

2.1

2.6

3.1

3.6

4.1

4.6

375 425 475 525 575 625 675

1.6

2.1

2.6

1.6

2.1

2.6

3.1

3.6

4.1

4.6

375 425 475 525 575 625 675

15

25

35

45

55

375 425 475 525 575 625 675

-6

-4

-2

0

2

4

6

8

10

375 425 475 525 575 625 675

-6

-4

-2

0

2

4

6

8

10

375 425 475 525 575 625 675

which means that the proportion of the cellulose-lignin-
complex and of lignin in NDF is quite variable. This might 
be due to botanical differences in the individual treatments. 
The correlation between NDF and minerals is also variable 
(close relationships to Ca and Zn but not to P).

Fig. 1: 	R elationship between the cell wall content and nutrients as well as minerals

3.2   In situ ruminal DM degradation

The results of the in situ ruminal DM degradation 
are presented in Tables 8 – 9 and Figure 2. Cutting 

frequency exhibited a highly significant impact on each 
of the DM degradation parameters (P < 0.000). This is 
in line with the data of cell wall content, digestibility 
and the energy content (Tables 6 – 7). The soluble 
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Table 8:	 In situ ruminal DM degradation of forages depending on main effects (cutting frequency 
		  and fertilisation)

Parameters Cutting frequency Fertilisation RSD P values R˛2 3 4 L M H C F M Y
DM degradation 
00 h % 25.5 a 30.2 b 32.9 c 29.8 29.8 29.1 2.3 0.000 0.437 0.168 0.018 0.783
03 h % 28.8 a 37.1 b 42.0 c 35.9 36.9 35.1 3.6 0.000 0.243 0.088 0.925 0.805
06 h % 33.3 a 43.4 b 50.4 c 42.6 43.4 41.0 4.2 0.000 0.146 0.033 0.865 0.836
10 h % 38.1 a 49.6 b 57.2 c 48.6 49.3 46.9 3.6 0.000 0.053 0.005 0.146 0.893
14 h % 41.8 a 54.6 b 61.0 c 52.8 53.2 51.4 3.2 0.000 0.129 0.000 0.027 0.918
24 h % 50.9 a 64.5 b 71.0 c 62.6 a 62.9 a 60.9 b 3.0 0.000 0.039 0.000 0.462 0.931
34 h % 57.3 a 69.8 b 77.1 c 68.4 68.8 67.0 2.9 0.000 0.067 0.000 0.024 0.932
72 h % 65.1 a 73.7 b 80.5 c 73.6 73.4 72.3 3.3 0.000 0.287 0.006 0.858 0.872
96 h % 66.8 a 76.3 b 82.6 c 76.0 a 75.6 ab 74.2 b 2.7 0.000 0.045 0.000 0.829 0.915
Model coefficients                      
a % 27.6 a 30.8 b 33.6 c 30.9 30.8 30.3 2.0 0.000 0.551 0.040 0.559 0.753
b % 41.5 a 45.2 b 48.4 c 45.5 45.1 44.5 2.0 0.000 0.551 0.040 0.559 0.753
c rate per h 0.037 a 0.058 b 0.067 c 0.053 0.057 0.052 0.012 0.000 0.551 0.040 0.559 0.753
lagtime h 1.83 a 0.32 b 0.09 c 0.70 0.56 0.98 0.61 0.000 0.059 0.022 0.040 0.792
Degradability                      
(a + b) % 69.1 a 75.9 b 82.1 c 76.4 75.9 74.8 2.7 0.000 0.099 0.003 0.774 0.877
ED2 % 53.4 a 63.9 b 70.4 c 63.1 a 63.2 a 61.5 b 2.4 0.000 0.022 0.000 0.715 0.938
ED5 % 43.6 a 54.4 b 60.8 c 53.3 53.6 51.8 2.8 0.000 0.057 0.000 0.518 0.919
ED8 % 38.9 a 49.0 b 55.1 c 48.0 48.4 46.7 2.9 0.000 0.088 0.001 0.514 0.903

Cutting frequency: 2, 3, 4 cuts per year
Fertilisation level: L, M, H;  80, 160, 240 kg N per hectare
Main effects: C = cutting frequency, F = fertilisation level, M = meadow, Y = year
Model coefficients: a = soluble fraction, b = insoluble potentially deg. fraction, c = rate constant of degradation (Řrskov & McDonald, 1979)
(a + b) = potential degradability; ED2, ED5, ED8 = effective degradability at rates of passage of kp = 0.02, 0.05, 0.08
Different letters in a row indicate that the means are significantly (P ≤ 0.05) different between the treatments (Student-Newman-Keuls test)

Table 9:	 In situ ruminal DM degradation of forages depending on interaction (cutting frequency × fertilisation)

Cutting frequency Fertilization L Fertilization M Fertilization H P values
2 3 4 2 3 4 2 3 4 C×F C×M C×Y

DM degradation
00 h % 26.2 30.3 32.9 25.8 30.2 33.2 24.4 30.1 32.7 0.821 0.577 0.743
03 h % 29.9 36.6 41.3 29.6 37.9 43.2 26.9 36.8 41.6 0.639 0.866 0.475
06 h % 34.0 43.7 50.2 34.2 44.0 51.8 31.7 42.4 49.1 0.979 0.935 0.106
10 h % 39.0 50.0 57.0 38.9 50.4 58.7 36.5 48.3 55.8 0.961 0.584 0.144
14 h % 43.3 55.0 60.2 42.7 55.2 61.7 39.5 53.7 61.1 0.321 0.360 0.485
24 h % 52.3 65.1 70.5 51.4 65.1 72.1 49.0 63.2 70.4 0.563 0.826 0.154
34 h % 57.6 70.7 77.0 58.2 70.0 78.3 56.2 68.7 76.0 0.920 0.474 0.286
72 h % 65.0 74.5 81.4 65.9 74.2 80.1 64.5 72.4 80.1 0.825 0.005 0.440
96 h % 67.3 77.5 83.0 67.0 76.9 83.0 66.2 74.6 81.7 0.835 0.017 0.032
Model coefficients
a % 28.2 30.7 33.6 27.7 30.9 33.9 26.9 30.7 33.4 0.892 0.456 0.530
b % 41.3 46.3 49.0 41.6 45.4 48.3 41.8 43.7 48.0 0.892 0.456 0.530
c rate per h 0.038 0.057 0.063 0.038 0.059 0.073 0.035 0.057 0.066 0.892 0.456 0.530
lagtime h 1.67 0.34 0.10 1.43 0.22 0.03 2.38 0.39 0.15 0.237 0.281 0.065
Degradability
(a + b) % 69.5 77.1 82.7 69.3 76.4 82.2 68.6 74.4 81.4 0.877 0.005 0.299
ED2 % 54.1 64.6 70.5 54.1 64.4 71.1 52.1 62.6 69.7 0.929 0.406 0.286
ED5 % 44.5 54.8 60.5 44.3 54.9 61.7 42.1 53.4 60.1 0.857 0.940 0.255
ED8 % 39.8 49.3 54.8 39.6 49.6 56.2 37.3 48.2 54.5 0.829 0.909 0.246

Cutting frequency: 2, 3, 4 cuts per year
Fertilisation level: L, M, H;  80, 160, 240 kg N per hectare
Main effects: C = cutting frequency, F = fertilisation level, M = meadow, Y = year
Model coefficients: a = soluble fraction, b = insoluble potentially deg. fraction, c = rate constant of degradation (Řrskov & McDonald, 1979)
(a + b) = potential degradability; ED2, ED5, ED8 = effective degradability at rates of passage of kp = 0.02, 0.05, 0.08

fraction (a) amounted to 28, 31 and 34 %, the insoluble 
potentially degradable fraction (b) was 42, 45 and 48 %, 
resulting in potential degradability (a + b) of 69, 76 and 

82 %. This corresponds well to the degradation values at 
an incubation time of 96 hours. Effective degradability 
at an assumed rate of passage kp = 0.05 was 44, 54 and 
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61% at cutting frequency 2, 3, and 4, respectively. There 
were also great differences in the rate of DM degradation 
(c), the values being 3.7, 5.8 and 6.7 % per hour. �������� Valk et 
al. ���������������������������������������������������      (1996) concluded from their experiments with fresh 
grass fertilized with different amounts of nitrogen that the 
digestibility was more influenced by differences in stage of 
maturity than by differences in N fertilizer. A decrease of 
ruminal degradation of grass with maturition was stated by 
many workers (Cote et al., 1983; Carro et al., 1991; Balde 
et al., 1993, Huhtanen & Jaakola, 1994; Alert & Eckardt, 
1996; Stefanon et al., 1996; Cone et al., 1999; Aufrere et 
al., 2003; Spanghero et al., 2003; Chaves et al., 2006).

There were only minor effects of N fertilisation 
on the degradation parameters. They reached the level 
of significance only in case of effective degradability at 
kp = 0.02 (ED2). In tendency, degradability was slightly 
decreased with fertilisation. The harvest dates were the 
same in all levels of fertilisation. It can be expected that 
N fertilisation enhances plant growth, which results in 
higher physiological age and therefore lower nutrient 
availability for the digestive system.

Besides cutting frequency, the location of the 
experiment (i.e. the summative effect of the several 
meadows) showed a marked influence on the degradation 
parameters. Among other reasons, this can be explained by 
different botanical composition of the sites. No interactions 
were detected, neither between cutting frequency and 
fertilisation nor meadow or year in the essential degradation 
parameters a, b, c and ED (Table 9).

In Figure 2 it is pointed out that cutting frequency 
has a marked influence on both the extent and the rate of 
degradation.
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Fig. 2:	 In situ ruminal DM degradation of forages 
		 depending on cutting frequency

3.3   Grassland yield

The grassland yield regarding dry matter, net 
energy and protein is summarized in Table 10 for the 
main effects “Cutting frequency” and “Fertilisation” and 
in Table 11 for their interaction. DM yield was highest at 
medium cutting frequency (11198 kg DM with 3 cuts per 
year), but differences were not great, although significant. 
DM yields in cutting regime 2 und 4 were equal (10717 
and 10756 kg DM, respectively), the difference to 
cutting regime 3 being 481 and 442 kg. Besides, the 
impact of the effect of “Year” and “Meadow” was highly 
significant. Regarding NEL and protein, highest yields 
were determined by highest cutting frequency, i.e. the 
increase of nutrient content was more effective than the 
decrease of DM yield (52.03, 61.17, 63.57 GJ NEL per 
ha; 1132, 1461, 1770 kg CP per ha with cutting regime 
2, 3 and 4).

There was a significant interaction between 
cutting frequency and fertilisation regarding the yield of 
DM as well as nutrients (Table 11). Whereas DM yield 
decreased with cutting frequency at fertilisation levels L 
and M, DM yield was highest at the high N fertilisation 
level with cutting frequency 3 (Figure 3).

There is clear evidence that DM yield decreases if 
cutting exceeds the optimum frequency without increasing 
the level of fertilization (Klapp, 1951; Mott, 1962; Vetter 
& Kuba, 1963; Bommer, 1964; Wilman et al., 1976; 
Wilhelmy et al., 1991; Buchgraber & Pötsch, 1994; 
Wachendorf et al., 1995). According to Vetter & Kuba 
(1963), the reduction of grassland DM yield associated 
with cutting frequency is due to a range of factors. The 
main reasons are that the development of the plants is 
interrupted before the maximum daily growth is reached 
and that the development of the roots (Klapp, 1951) and 
the storage of nutrient reserves are lower and botanical 
composition changes. Generally speaking, there are two 
main reasons for the reduction of DM yield: (1) Shortening 
of the time of growth of the primary growth, which has a 
higher growth rate than the regrowths; (2) More lag-phases 
due to more cuttings (sigmoidal shape of growth curve). 
The depressing effect of cutting can be compensated for by 
higher N fertilization rates (Vetter & Kuba, 1963; Bommer, 
1964; Buchgraber & Pötsch, 1994).

Applying 80, 160 and 240 kg N increased DM 
yield from 10106 to 10751 and 11815 kg per hectare, 
respectively, i.e. N fertilization efficiency was 8.1 kg 
DM per kg additional N from nitrogen level L to M 
and 13.3 kg DM from the level M to H. Under similar 
growing conditions Jo & Schechtner (1990) determined 
N fertilization efficiencies of 8 – 16 kg DM per kg N and 
in long-term experiments Müller (1985) found out that 
the N response is negatively correlated with the growth 
potential of the site (8.7, 9.4, 13.2 and 22.1 kg DM per 
kg N on meadows yielding 9780, 8640, 6410 and 4400 
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kg DM per ha). In Switzerland, Künzli (1968) found 
the N fertilization efficiency being 12.9 kg DM per 
kg N (mean of 5 years and 4 sites). At very high 

fertilization levels (300 – 400 kg mineral N per ha) 
Rieder (1973) determined an increase in DM yield of 
9.4 kg per kg N.

Table 10:  Yield of DM and nutrients depending on main effects (cutting frequency and fertilisation)

Parameters Cutting frequency Fertilisation RSD P values R˛2 3 4 L M H C F M Y
DM kg/ha 10717 a 11198 b 10756 a 10106 a 10751 b 11815 c 729 0.001 0.000 0.000 0.000 0.914
NEL GJ/ha 52.03 a 61.17 b 63.57 c 54.87 a 58.25 b 63.65 c 4.52 0.000 0.000 0.000 0.000 0.903
CP kg/ha 1132 a 1461 b 1770 c 1313 a 1388 b 1662 c 136 0.000 0.000 0.000 0.000 0.932
nXP kg/ha 1184 a 1395 b 1484 c 1252 a 1329 b 1482 c 99 0.000 0.000 0.000 0.000 0.918

Cutting frequency: 2, 3, 4 cuts per year
Fertilisation level: L, M, H;  80, 160, 240 kg N per hectare (ha)
Main effects: C = cutting frequency, F = fertilisation level, M = meadow, Y = year
DM = dry matter
NEL = net energy lactation , CP = crude protein, nXP = utilizable protein at duodenum (GfE, 2001)
Different letters in a row indicate that the means are significantly (P ≤ 0.05) different between the treatments (Student-Newman-Keuls test)

Table 11:  Yield of DM and nutrients depending on interaction (cutting frequency × fertilisation)
Cutting Fertilisation L Fertilisation M Fertilisation H P values

frequency 2 3 4 2 3 4 2 3 4 C×F C×M C×Y F×M F×Y M×Y
DM kg/ha 10119 10871 11162 10304 10902 12390 9897 10479 11893 0.002 0.036 0.000 0.034 0.328 0.000
NEL GJ/ha 49.46 52.59 54.06 56.88 59.85 66.78 58.27 62.32 70.13 0.006 0.003 0.001 0.040 0.596 0.000
CP kg/ha 969 1118 1310 1348 1354 1680 1623 1692 1996 0.144 0.000 0.000 0.031 0.628 0.000

nXP kg/ha 1103 1192 1257 1293 1349 1544 1361 1445 1645 0.014 0.001 0.000 0.032 0.544 0.000
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Fig. 3: 	 Yield of DM, NEL and protein depending on cutting frequency and fertilization
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3.4   Modelling of feed intake, milk yield 
        and nutrient excretion

The results of the model calculations regarding 
cutting frequency are presented in Table 12 and those 
regarding fertilisation in Table 13.

Starting from the gross DM yield of grassland, 
20% harvest and conservation losses were taken into 
account. The model calculations were carried out both for 
a feeding regime without concentrate and a concentrate 
supply when feeding according to the nutrient and 
energy requirements (GfE, 2001). Due to digestibility, 
forage intake increased with cutting frequency (14.5, 
15.4 and 16.0 kg DM) in case of feeding no concentrates. 
This influence was more pronounced (10.6, 13.1 and 
15.2 kg DM) when concentrates were fed according to 
requirements since a high forage substitution rate occurs 
at high concentrate levels (Kirchgessner & Schwarz, 
1984; INRA, 1989). The main results of this first step of 
model calculations are that there is only a minor effect 
of forage quality at a low level of concentrate and a very 
significant one at a normal concentrate regime, combined 
with high needs for concentrate (38, 23 and 11 % of DMI 
in cutting frequency 2, 3 and 4). As a consequence there 
is a wide range of possible stocking rates per hectare, 
1.62, 1.60 and 1.47 cows per hectare without feeding 
concentrates, but 2.21, 1.87 and 1.55 animals in case of 
concentrate feeding (Figure 4).

This results in great influences on both the milk 

productivity and nutrient excretion considered on farm 
level (i.e. calculated per hectare). At a low level of 
concentrate feeding, milk production and N excretion 
increases significantly with cutting frequency (4654, 
7049 and 8310 kg milk per ha; 127, 149 and 181 kg N per 
ha forage area). On the other hand, the opposite occurs 
with normal concentrate feeding, milk productivity being 
highest at low cutting frequency (14207, 12003 and 10118 
kg milk per ha), however the N excretion is highest, but 
to a minor degree (207, 183 and 189 kg N per ha forage 
area). These modelling data are in line with experimental 
results of Gruber et al. (1999, 2000). In their 4-year-
study using a total of 216 cows a significant interaction 
between cutting frequency and concentrate level was 
found regarding milk production and nutrient excretion 
per forage area, too. Milk productivity (3651, 6041, 6689 
kg) and N excretion (139, 145, 145 kg per hectare forage 
area) was highest with high cutting frequency (2, 3, 4 
cuts per year) at a low level of concentrate and lowest 
at high concentrate levels (11326, 10619, 9082 kg milk; 
183, 179, 171 kg N per hectare forage area).

It should be taken into consideration that a high 
amount of concentrate is needed to compensate for 
low forage quality. There are physiological limitations 
of concentrate feeding since ruminal pH decreases 
below a critical value where cellulolytic bacteria 
cannot ferment cell walls in an optimal way. This has 
negative consequences both on the degradation of fibre 
carbohydrates and on forage intake (Řrskov, 1986; 

Table 12:  Calculated feed intake, milk yield and nutrient excretion depending on cutting frequency

Cutting frequency
No concentrate Conc. acc. standards

2 3 4 2 3 4

Milk productivity
DM yield grassland (gross) kg/ha 10,717 11,198 10,756 10,717 11,198 10,756
DM yield grassland (20% losses) kg/ha 8,574 8,959 8,605 8,574 8,959 8,605
Forage intake per day kg DM 14.47 15.35 16.02 10.64 13.13 15.19
Forage intake per year kg DM 5,283 5,601 5,846 3,884 4,794 5,545
Concentrate intake per year kg DM 74 74 80 2,383 1,450 654
Total feed intake kg DM 5,357 5,675 5,925 6,267 6,244 6,199
Concentrate proportion (total year) % of DMI 1.4 1.3 1.3 38.0 23.2 10.5
Stocking rate n per ha 1.62 1.60 1.47 2.21 1.87 1.55
Milk production potential forage kg per year 2,868 4,407 5,645 742 3,028 5,090
Milk production potential total ration kg per year 2,868 4,407 5,645 6,435 6,422 6,520
Milk production forage per forage area kg per ha 4,654 7,049 8,310 1,638 5,659 7,899
Milk production total ration per forage area kg per year 4,654 7,049 8,310 14,207 12,003 10,118
Area requirement for concentrate hectare 0.02 0.02 0.02 0.88 0.45 0.17
Area requirement for forage & concentrate hectare 1.02 1.02 1.02 1.88 1.45 1.17
Milk production total ration per total area kg per ha 4,563 6,913 8,150 7,559 8,260 8,651
N excretion
Protein content total ration g/kg DM 112 131 164 130 134 160
N intake kg per year 95.6 119.1 155.5 130.5 134.2 158.8
N excretion per cow kg per year 78.3 93.4 123.2 93.9 97.7 121.8
N excretion per forage area kg per ha 127.0 149.4 181.3 207.4 182.5 189.0
N excretion per total area kg per ha 124.5 146.5 177.8 110.3 125.6 161.6
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Fig. 4: 	 Impact of cutting frequency on DM yield and NEL content of grassland, on stocking rate as well as 
		 on milk productivity and N excretion at animal and area level
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Fig. 5: 	 Impact of fertilization level on DM yield and NEL content of grassland, on stocking rate as well as on 
		 milk productivity and N excretion at animal and area level
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Van Soest, 1994). Additionally, the area required for 
production of concentrates must be considered, too. Per 
hectare of forage, an area of 0.88, 0.45 and 0.17 ha is 
needed in cutting frequency 2, 3 and 4 to produce the 
concentrate for supplementing the forage. When relating 
the milk production and N excretion data to the total area 
(for production of forage and concentrates) there are only 
small differences in milk productivity. It shows higher 
values at high cutting frequency (7559, 8260 and 8651 kg 
milk per total area). The N excretion per total area is also 
reversed, with highest values at cutting frequency 4 (110, 
126, 162 kg N per ha total area).

The impact of N fertilisation is mainly due to its 
effect on DM yield of grassland and to a minor extent 
due to its effect on nutrient content (increase of protein 
content and decrease of digestibility). As a consequence, 
the stocking rate amounts to 1.45, 1.54 and 1.70 cows 
per hectare with concentrate level zero and to 1.70, 
1.82 and 2.03 in fertilisation levels L, M and H (mean 
cutting frequency), when feeding concentrates according 
to feeding standards (Table 13, Figure 5). Due to N 
fertilisation, milk productivity per hectare forage area 
increases from 6253 to 6624 and 7112 kg (concentrate 
zero) and 4934, 5200 and 5424 kg milk productivity per 
hectare forage area (concentrates according to feeding 
standards) in fertilisation levels L, M and H. As expected, 
N excretion increases with fertilisation, especially on an 
area level. Additionally, the concentrate level increases 
N excretion, too. The 180 kg additional N fertilizer 
enhanced the N excretion by 40 kg per ha forage area, 
the influence of 1460 kg concentrate was around 33 kg N 
per ha forage area.

Table 13:  Calculated feed intake, milk yield and nutrient excretion depending on fertilisation level

Fertilisation level
No concentrate Conc. acc. standards

L M H L M H
Milk productivity
DM yield grassland (gross) kg/ha 10,106 10,751 11,815 10,106 10,751 11,815
DM yield grassland (20% losses) kg/ha 8,085 8,601 9,452 8,085 8,601 9,452
Forage intake per day kg DM 15.28 15.27 15.21 12.99 12.96 12.76
Forage intake per year kg DM 5,578 5,574 5,552 4,742 4,729 4,656
Concentrate intake per year kg DM 86 81 80 1,505 1,519 1,595
Total feed intake kg DM 5,664 5,656 5,631 6,247 6,248 6,251
Concentrate proportion (total year) % of DMI 1.5 1.4 1.4 24.1 24.3 25.5
Stocking rate n per ha 1.45 1.54 1.70 1.70 1.82 2.03
Milk production potential forage kg per year 4,314 4,293 4,177 2,894 2,859 2,672
Milk production potential total ration kg per year 4,314 4,293 4,177 6,423 6,422 6,423
Milk production forage per forage area kg per ha 6,253 6,624 7,112 4,934 5,200 5,424
Milk production total ration per forage area kg per year 6,253 6,624 7,112 10,950 11,681 13,037
Area requirement for concentrate hectare 0.02 0.02 0.02 0.43 0.46 0.54
Area requirement for forage & concentrate hectare 1.02 1.02 1.02 1.43 1.46 1.54
Milk production total ration per total area kg per ha 6,126 6,488 6,955 7,663 7,990 8,459
N excretion
Protein content total ration g/kg DM 130 130 141 134 134 139
N intake kg per year 118.1 118.0 126.9 133.9 134.0 138.7
N excretion per cow kg per year 92.9 93.0 102.4 97.4 97.5 102.2
N excretion per forage area kg per ha 134.7 143.5 174.4 166.1 177.3 207.4
N excretion per total area kg per ha 132.0 140.5 170.6 116.2 121.3 134.5

4   Implications
As expected, feed quality (protein and mineral 

content, digestibility, rumen degradability etc.) was 
increased significantly by cutting frequency of permanent 
grassland. Its impact on DM yield was not high, although 
significant. There is clear evidence in literature that DM 
yield decreases if cutting exceeds an optimum frequency 
without increasing the level of fertilization, mainly 
because of two reasons: (1) Shortening of the time of 
growth of the primary growth, which has a higher growth 
rate than the regrowths; (2) More lag-phases due to more 
cuttings (sigmoidal shape of growth curve).

When applying these results to farm level, the 
impact of forage quality on feed intake is of major 
consequence. By higher forage intake – accompanied 
with lower DM yield of grassland – the possible stocking 
rate is significantly reduced with cutting frequency. From 
this it follows that the improved feed intake (and therefore 
milk yield) on animal level does not necessarily result 
in higher milk productivity on area level (i.e. milk yield 
per hectare or farm). The same is true for N excretion. 
Furthermore, there is a significant interaction between 
cutting frequency of grassland and concentrate level in 
dairy cow feeding. At low concentrate levels, the increase 
of individual milk yield and N excretion with high cutting 
frequency exceeds the effect of the reduced stocking rate, 
resulting in higher milk yield and N excretion per hectare 
forage area. The opposite is true for concentrate levels 
necessary to fulfill nutrient requirements of the cows. 
The highest milk yield and N excretion per hectare forage 
area can be expected at low cutting frequency. However, 
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when the results are related to the total area necessary 
for milk production (i.e. forage plus concentrates), the 
highest milk yield and N excretion is achieved with high 
cutting frequency of grassland.

As a conclusion, optimal cutting frequency of 
permanent grassland on the one hand has to consider 
a sustainable grassland management aiming at a stable 
botanical composition, nutrient content, DM yield and 
dense swards. From the point of view of dairy cow 
nutrition it has to be stated that the forage quality required 
to feed dairy cows has to be enhanced in proportion with 
the intended and expected milk yield. Otherwise, great 
amounts of concentrates are necessary to compensate for 
the low forage nutrient content, which can lead to rumen 
acidosis of the cows and lead to high nutrient imports 
to the farm resulting in unbalanced nutrient budgets and 
environmental problems.
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