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Abstract

Management factors like the type of defoliation and seed mixture influence yield and forage quality of grass clover mixtures. In comparison to harvesting, grazing is less cost intensive. For economical reasons a maximum duration of grazing period is required. Grazing over winter can cause pasture damages. This problem is of minor relevance for grass clover grown on arable land in the last production year, which is ploughed in the following spring. This study compares different grass clover mixtures concerning yield, forage quality and suitability for winter grazing.With this background, tall fescue exerted more significant effect on the dry matter yield than perennial ryegrass. White clover showed significant superiority over all the other tested species, with regard to protein and energy contents. Otherwise, swards with red clover and alfalfa had a significantly higher legume contents and produced higher dry matter and N yields than the other swards. Plots grazed in different periods over winter showed a clear significant loss of grazable matter. The highest loss of dry matter which also was accompanied by a decrease in crude protein and energy content was observed in mixtures with Lucerne. Under mulching systems and early grazing high nitrate losses were measured. After ploughing, the early grazing systems resulted in lower spring wheat yields than grazing in January or cutting systems. 

Introduction

Yield and forage quality of grass legume mixtures are affected by management factors like the type of defoliation system and the selection of seed mixture (Loges, 1998). In addition to use for silage and mulching of grass clover, a mixed harvesting and grazing system is also possible and typical. Compared with harvesting, pasture is cheaper (Jakob, 2003). From the economical point of view, applying extended grazing period, as long as possible, is always encouraged. By winter grazing costs for housing and forage conservation can be decreased.

On permanent pastures winter grazing can lead to problems, especially in maritime climates. Excrements can affect nutrient entries to ground and surface water (Buchgraber, 2006). A high stocking density brings irreversible sward damages.

These problems can be avoided or reduced, by practicing winter grazing only on grass clover swards that will be ploughed anyway in next spring.

The main objective of this study is to compare different grass forage legume mixtures regarding their yield ability, forage quality and ability for winter grazing.

The possibility to support extensive cattle or sheep with grass legume mixtures by winter pastures was the main subject of the investigation. 

Materials and methods

The current study is based on a multifactorial experiment carried out from 2005 to 2007, on the organic farm “Hof Ritzerau” in northern Germany. Grass clover swards with two different grass species (perennial ryegrass (Lolium perenne), tall fescue (Festuca arundinacea)) and three different forage legume species (white clover (Trifolium repens), red clover (Trifolium pratense) and lucerne (Medicago sativa)) were established and used for harvesting, mulching and as a mixed system with different grazing dates (Tab. 1). 

Tab. 1: Levels of the different studied factors included in the experiment

	factor
	level
	description

	1. grass species
	1.1 perennial ryegrass, Indiana Lolium perenne (PR)
	most important grass species in northern Germany

	
	1.2 Tall fescue, Kora
Festuca arundinacea (TF)
	wintergreen, deep rooting grass species

	2. legume species
	2.1 White clover, Klondike
Trifolium repens (WC)
	typical forage legumes

	
	2.2 Red clover, Amos
Trifolium pratense (RP)
	

	
	2.3 Lucerne, Daisy
Medicago sativa (LC)
	

	3. defoliation system
	3.1 harvesting
	3 cuttings

	
	3.2 mulching
	3 cuttings

	
	3.3 mixed system
	2 cuttings…

	
	3.3.1 grazing in October
	… + grazing in October

	
	3.3.2 grazing in December
	… + grazing in December

	
	3.3.3 grazing in January
	… + grazing in January


At every date of use, plants were sampled for evaluating yield and eventually the rest of grazing. Forage quality parameters like crude protein (CP) and metabolizable energy content (ME) were measured by NIRS. In winter, nitrate leaching was measured using suction cups. The following spring wheat was harvested by a combine harvester. 

Data were statistically analysed using the mixed procedure of SAS analysis. The students t-test (P<0.05) was used for mean comparison. 

Results

To illustrate the productivity and quality parameters of the mixtures, first the sum of three applied cuttings per year are shown. The dry matter yield ranged significantly between 10 and 15 t ha-1 among three tested legume species (Tab. 2). Red clover and Lucerne produced higher yields than white clover. Regarding the yield composition, both the grass species and the legume species exerted significant effects on the legume portion. Tall fescue suppressed legumes more than perennial ryegrass. White clover was more negative affected than red clover and lucerne. It was also observed that a high legume portion was important to achieve a high crude protein content from the sward. This may explain the reason behind the very low protein content produced from the mixtures including white clover and including tall fescue. Both grass species had higher energy contents than red clover and lucerne fractions. Single energy content of white clover fractions was higher than those of grass species. Because of that a higher legume portion produces higher energy content only in mixtures with white clover. 

Tab. 2: Yield and selected forage quality parameters in cutting systems. 

	seed mixture
	WC PR
	WC TF
	RC PR
	RC TF
	LC PR
	LC TF

	yield [t ha-1]
	9.1b*
	9.7bc
	14.7a
	13.3ab
	14.2a
	13.2ab

	legume portion [%]
	39.8c
	24.1d
	61.3ab
	49.1ac
	65.9a
	55.5ab

	crude protein [%]
	15.8b
	14.7b
	18.5a
	16.4ab
	18.9a
	18.2a

	energy [MJ ME kg-1 DM]
	10.6a
	10.2b
	10.1b
	10.1b
	9.3c
	9.1c


To evaluate whether grass legume swards are suitable for winter grazing the stock of the third growth in October and January was taken (Tab 3). The dry matter yield in October was affected by legumes as in annual harvesting. From October to January the difference between the mixtures was decreased. No more differences between mixtures were recognized. In forage quality all mixtures, except white clover with perennial ryegrass, had crude protein content losses. The same mixture had the least losses of energy from October to January. Red clover and Lucerne mixtures had high energy losses. Especially, mixtures with Lucerne had the significantly lowest energy contents, lower than 10 MJ ME kg-1 DM. 

Tab. 3: Yield and forage quality parameters in grazing the third growth in October and January.

	seed mixture
	WC PR
	WC TF
	RC PR
	RC TF
	LC PR
	LC TF

	yield Oct. [t ha-1]
	23.0b*
	27.1b
	47.2ab
	52.8a
	65.7a
	72.8a

	yield Jan. [t ha-1]
	20.2a
	17.7a
	18.8a
	35.5a
	32.4a
	31.4a

	crude protein Oct. [%]
	24.8c
	18.9d
	31.5a
	27.7b
	33.1a
	32.8a

	crude protein Jan. [%]
	27.8a
	13.7c
	26.3a
	17.9bc
	23.6ab
	20.9b

	energy Oct. [MJ ME kg-1 DM]
	16.5a
	15.9b
	16.2ab
	15.1c
	15.2c
	15.0c

	energy Jan. [MJ ME kg-1 DM]
	15.8a
	12.6b
	12.1b
	12.0b
	9.1c
	9.0c


Tab. 4: Nitrate leaching and spring wheat yield after different defoliation systems on perennial ryegrass red clover mixture.

	defoliation system
	Harvest
	Mulch
	Grazing in Oct.
	Grazing in Dec.
	Grazing in Jan.

	leaching [kg NO3--N ha-1]
	12.2a*
	20.6a
	30.8a
	9.1a
	14.5a

	spring wheat yield [t ha-1]
	3.7a
	3.5ab
	3.0b
	3.4ab
	3.8a


* Means within the same column allowed by the same letters are not significantly different at 0.05 level of probability.

Under perennial ryegrass red clover mixtures differences in nitrate leaching under different defoliation systems was not statistical affected, but under mulching system and early grazing high losses were measured (Tab. 4). At the same time, after ploughing the sward, early grazing leaded to lower spring wheat yield than after the harvesting and the January grazing systems.

Discussion
In silage use systems, red clover and Lucerne had advantages against white clover; however lucerne mixtures had extreme large energy losses over winter. They are not able to support cattle or sheep in the late winter time (GfE, 2001). Tall fescue was detrimental to harvesting systems. In winter it was without any advantages compared to perennial ryegrass.

In northern Germany, the mixture perennial ryegrass with red clover is widespread. That’s why influence of defoliation system on nitrate leaching and spring wheat yield is only shown after this mixture. The high nitrogen losses between 20 and 30 kg ha-1 under mulching and early pasture cause low wheat yields in next year. Later pastures prevent nitrogen losses and increase wheat yield. 

Conclusions

Mixed systems with harvesting and winter pasture should prefer grass legume mixtures with perennial ryegrass and red clover. This mixture provides a high yield in summer and low material losses in winter.

Compared to cutting and grazing, mulching systems are without advantages and induce high costs. For arable farms it would be better to replace legume grass yield with organic fertilizers from a neighboured cattle farm.

Winter grazing on arable land is an alternative to grazing on wet permanent grassland, but cattle should come to arable land as late as possible without damaging permanent grassland, so nitrogen losses can be minimised and spring wheat yield is not decreased by a winter pasture in January.
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