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Effects of different stocking rates with dairy cows on herbage quality and milk production in organic farming
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Abstract 
In order to identify the optimum stocking rate for grazing dairy cows in organic farming, grazing experiments were conducted from 2004 to 2006. Cows of one herd were divided into two groups during vegetation periods. The paddocks of the rotational pasture were split in a way that the low stocking rate group (SRL) had 15% more pasture area than the high stocking rate group (SRH). Post grazing sward height for SRH, was decisive for the simultaneous change of the sub-paddocks. Annual stocking rates for SRH were 2.0, 2.3 and 2.3 cows per hectare (ha). In the offered herbage mass for SRL significant lower ash-, CP-, APDE- and APDN values as well as higher NDF values were detected. Sugar- and NEL values were unaffected. No significant differences were found for milk production per cow, but milk production per ha was significantly higher for SRH. Apart from two exceptions (lactose 2005 and urea 2006), no significant differences were identified for milk composition. The attribution of more pasture area without topping leads to a lower pasture quality. Increasing the stocking rate, within limits, slightly reduces the milk yield per cow, but clearly improves the utilization of grown herbage.
Introduction
In Switzerland, pasture based milk production systems offer an optimal possibility to take advantage of the climate providing ample and regular grass growth as well as minimizing the impact of topographic disadvantages. It is also well established that grazed grass is a low cost forage with a high nutrient density. The directives of Swiss organic farming prescribe, during the vegetation period, to keep ruminants on pasture to ensure a natural feeding system as well as animal welfare. The efficiency of pasture use under organic farming which in most cases implies restricted nitrogen supply still can be improved.
The objective of this research was to study the effects of two different stocking rates with dairy cows on herbage quality and milk production as well as milk composition in organic farming.
Materials and methods
The investigations were conducted in the years 2004, 2005 and 2006 on the farm “l’Abbaye” in Sorens (Switzerland, 46°39.767' N, 7°3.143' E). In 2003 the conversion of this farm to organic farming started and was officially finished in 2005. During the three vegetation periods (April to November) means of temperature (Payerne, 490 m asl (MeteoSwiss), approximately 2° C higher than around the farm) and sums of precipitation were: 13.2° C, 819 mm; 13.3° C, 748 mm and 14.2° C, 991 mm. All lactating dairy cows were divided into two groups during the three vegetation periods. The paddocks of the rotational pasture system (800 to 900 m asl) were split such that the SRL had 15% more pasture area available than the SRH The post grazing sward height (SHPoG) for SRH, measured with a rising plate meter (Filip's folding plate pasture meter, Jenquip) was decisive for the simultaneous change of the sub-paddocks for both groups.
Every two weeks in 2004 and once per week in 2005 and 2006, respectively, two grass strips per stocking rate were cut (average cutting level 8.7 Units, 1 unit correspond to a compressed sward height of 0.5 cm) and sampled in the paddock to be grazed next to evaluate the pre-grazing herbage mass and herbage quality. Ash, crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and total sugar were analyzed. Net energy for lactation (NEL) and absorbable protein at the duodenum based on energy (APDE) or nitrogen (APDN) available in the rumen were calculated according to RAP (1999).

Each year 14 pairs of Holstein dairy cows, whereof 6 primiparous pairs, were selected for the comparison of milk production (Flo master pro, Delaval) and milk composition data (CombiFoss, Foss). The criterions for pair building were the calving date, the milk production, the milk composition, the number of lactations and the live weight. At the beginning of the experiment respectively at turnout to pasture dairy cows were 178 ± 104 (2004), 116 ± 75 (2005) and 97 ± 86 (2006) days in milk. The milk data recording started at turnout to pasture and finished at the end of August. Concentrate distribution (7.0 MJ NEL kg-1, 115 g CP kg-1 in fresh matter) on pasture for multiparous cows started at 22 kg (2004, 2005) and 24 kg milk production (2006). For primiparous cows concentrate distribution began 2 kg earlier. The distribution frequency was 1 kg concentrate for 2.2 kg (2004, 2005) or 2.5 kg additional milk production (2006). During the months of June, July and August the cows received in principle no forage supplements in the barn. Exceptions were made when pasture herbage mass was not sufficient.
The signs test for paired samples was applied to compare pre-grazing herbage mass (HMPrG) and herbage quality data. Milk production and composition data per cow were submitted to a variance analysis with repeated measurements. The milk production per ha results were compared with a paired T-test.
Results
From 2004 to 2006 the average stocking rates during the vegetation periods were for SRH  2.0, 2.3 and 2.3 and for SRL 1.7, 2.0 and 1.9 cows per ha. The average SHPoG for the SRH were 10.7 (2004), 9.7 (2005) and 9.0 Units (2006) Proportions of grasses (71% versus 72%) legumes (12% versus 15%) and herbs (5% versus 6 %) in the sward were and remained similar in both treatments. The strongly varying HMPrG and the herbage quality data are shown in Table 1. No differences were revealed concerning the HMPrG. In SRL pasture significantly lower ash- , CP-, APDE- and APDN values as well as higher NDF values in the offered herbage were detected. Sugar- and NEL values were unaffected by the different stocking rates.

The milk production and composition data are presented in Table 2. Although no significant differences were found for effective and energy-corrected milk (ECM) yield per cow, in every year the milk yield for the SRH was numerically lower. The energy-corrected milk yield per ha per day was significantly higher in the SRH. Concerning the milk composition no significant differences between the two stocking rates were found. Two exceptions were significant differences for lactose in 2005 and urea in 2006. Both differences are not explainable and, for lactose in 2005, may be accidental. The SCC showed no significant differences.
Tab. 1: Pre-grazing herbage mass and herbage quality 2004 - 2006
	
	High stocking rate (SRH)
	Low stocking rate (SRL)
	

	
	Median
	Min.
	Max.
	Median
	Min.
	Max.
	

	HMPrG (kg DMa ha-1)
	1235
	317
	2774
	1165
	382
	3234
	

	Ash (g kg-1 DMa)
	106
	81
	197
	101
	84
	167
	**

	NDF (g kg-1 DMa)
	459
	352
	534
	475
	325
	592
	*

	CP (g kg-1 DMa)
	174
	132
	229
	161
	113
	224
	*

	Sugar (g kg-1 DMa)
	68
	42
	146
	66
	41
	134
	

	APDE (g kg-1 DMa)
	103
	91
	120
	100
	86
	116
	*

	APDN (g kg-1 DMa)
	115
	87
	152
	107
	74
	149
	*

	NEL (MJ kg-1 DMa)
	6.0
	5.4
	7.1
	6.0
	5.0
	6.8
	


* significant at P<0.05 and ** significant at P<0.01
a DM: dry matter
Tab. 2: Means of milk production and composition 
	
	2004
	2005
	2006

	
	xSRH
	xSRL
	sef
	
	xSRH
	xSRL
	sef
	
	xSRH
	xSRL
	sef
	

	Milka
	19.7
	20.2
	0.6
	
	23.0
	23.5
	0.4
	
	23.5
	23.8
	0.5
	

	ECMa
	18.8
	19.2
	0.5
	
	22.2
	22.2
	0.4
	
	21.0
	22.0
	0.5
	

	ECMhab
	37.5
	32.7
	1.4
	**
	51.0
	44.3
	1.9
	***
	47.6
	42.4
	2.3
	**

	Fatc
	3.74
	3.64
	0.12
	
	3.76
	3.68
	0.06
	
	3.59
	3.76
	0.10
	

	Proteinc
	3.29
	3.26
	0.05
	
	3.21
	3.19
	0.02
	
	3.13
	3.17
	0.03
	

	Lactosec
	4.80
	4.88
	0.04
	
	4.88
	4.80
	0.02
	*
	4.73
	4.79
	0.06
	

	Uread
	24
	24
	0.6
	
	22
	22
	0.5
	
	21
	25
	0.9
	*

	SCCe
	4.9
	4.8
	0.07
	
	5.0
	4.8
	0.05
	
	5.0
	4.9
	0.08
	


* significant at P<0.05, ** significant at P<0.01, *** significant at P<0.001
a average yields in kg day-1 cow-1; b average yields in kg day-1 ha-1; c mean in %; d mean in mg dl-1; e mean of somatic cell counts in log ml-1; f standard error of the mean
Discussion
As concentrate feeding is limited in organic farming, forage respectively herbage quality is extremely important for covering the requirements of dairy cows for milk production. The average nutritive value of herbage for SRH was, with 174 g CP kg-1 DM, 459 g NDF kg-1 DM and 6.0 MJ NEL kg-1 DM, relatively high, but considerable seasonal variations appeared. The CP- and NDF- values were comparable with the data from Kuusela et al. 2002 and Kuusela 2004. Lower CP-, APDE- and APDN- values as well as higher NDF- values of offered herbage in the SRL show a decreasing herbage quality with too lax grazing without topping respectively too low stocking rates. Lax grazing during spring produces, according to Hoogendoorn et al. 1992, swards in early summer with lower proportions of grass leaf and higher proportions of grass stem and senescent material.
Increasing the annual stocking rate by 1 cow per ha in conventional farming, reduces average milk production per cow and day by 1 kg (Peyraud et al. 2005). Although in the present study no significant differences concerning milk production per cow were found, the effective and energy-corrected milk yield was slightly lower for SRH as described by Peyraud et al. (2005). With the higher stocking rate the efficiency of herbage mass utilization was improved, as it was confirmed by the milk yield per ha (Leaver et al. 1985, Hoden et al. 1991, Virkajärvi et al. 2002). As it would be expected (Houssin et al. 2005) the milk composition was unaffected or only slightly affected by the different stocking rates.
Conclusions 
Higher pasture area allowance without topping leads to a lower herbage quality. Increasing the stocking rate, within limits, slightly reduces the milk yield per cow, but clearly improves the utilization of herbage mass. Milk composition remains unaffected by the different stocking rates.
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