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Mineral nitrogen in the course of a cash crop and two livestock rotations - first results from the long-term monitoring Trenthorst
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Abstract

The long-term monitoring Trenthorst, situated near Lübeck in a temperate maritime climate on loamy soils, was established in 2003 and compares two cash crop and three livestock farming systems. We studied the soil mineral nitrogen contents of one cash crop and two livestock farms, specialised in dairy cows and goats/oilseeds resp., with the hypothesis that the livestock farms show a more even course of Nmin in the rotation and a higher rotation mean. The rotation average of Nmin in the cash crop farm was not lower than the ones in the livestock farms. But in the course of the rotations differences became evident: compared to the livestock farms the cash crop farm showed higher Nmin-values after the first rotation year (mulched vs. cut grass clover) but lower values in the fourth and fifth year of the rotation. As a precise nitrogen supply via manure as in the livestock farms is impossible in a self-sustaining cash crop farm, the excess of nitrogen at the beginning and the lack of it towards the end of the rotation could not be balanced. A way to improve this might be the use of green manure crops for biogas production and the application of the residues as manure. But as no full rotation period has yet passed, a longer study period is necessary to confirm the results. 

Introduction

The long-term monitoring Trenthorst was established in 2003 and comprises the six-year crop rotations of two cash crop and three livestock farms, specialised in dairy cows, pigs and goats and oilseeds respectively. Central aims of the experiment are 1) the comparison of a wide range of organic farming systems under practical farming conditions (in contrast to field experiments) with respect to the development of soil nutrient contents, plant- and grain nutrient contents, yields and biodiversity 2) the analysis of nutrient cycles in different farming systems 3) the comparison of different preceding crops, respectively, rotation positions of winter wheat and winter rape. To ensure sufficient options for a comparison of the farming systems, most crops are included in more than one rotation, and the first crops and the last crops in three rotations are identical. Two farms do not have a fixed crop rotation and as no full rotation period has passed yet, they are not included in this paper. To compare the nitrogen supply in the three remaining crop rotations (one cash crop and two livestock) we analysed the development of the soil mineral nitrogen content (Nmin) at the beginning of the growing season, as this is the parameter in the nitrogen cycle most directly related to yields and grain quality. We hypothesized that 1) the livestock farms show a more even course of Nmin contents in the rotation and a higher rotation average 2) winter wheat has a better nitrogen supply in the dairy cow than in the cash crop farm and 3) this leads to higher winter wheat yields and grain nitrogen contents in the dairy cow farm.
Materials and methods

The experimental farm Trenthorst is situated near Lübeck (53°46’ N, 10°31’ E) in a temperate maritime climate (Ø annual precipitation 739 mm, Ø annual temperature 8.8 °C) on loamy soils. The agricultural area of 480 ha is divided into five independent farms. Details of the three farms with an established stable crop rotation are given in table 1. The soil properties on these three farms are similar, although the fields of the goat farm tend to be less homogenous and to have heavier soils than the other two farms. Schaub et al. (2007) give a detailed description of the site conditions and study setup. In the cash crop farm, grass clover is mulched three times per year and the straw mostly incorporated into the soil. The livestock farms harvest grass clover and straw for forage, respectively bedding, and use only the manure of their own livestock. Nitrogen is transferred from grassland to the crop rotation via manure.

On each arable field, four or eight representative monitoring points were established, where all parameters have been measured annually since 2003. The results from these monitoring points are regarded as replications, as each farm consists of six arable fields and each crop is grown only once per farm and year. Data were analysed by univariate ANOVA and Tukey-HSD-test in SAS 9.1 (SAS Institute 2003). The Brown-Forsythe-test was used to test for homoscedasticity and Welchs ANOVA was used where necessary.  

Soil samples were taken in three depths (0-30 cm, 30-60 cm and 60-90 cm) each year, before the start of the growing season in February or March, and the nitrate and ammonium content were determined.

Table 1: Crop rotation, area and livestock of three farms in the long-term monitoring Trenthorst

	Farm
	Arable/ grass-land [ha]
	Stocking rate [LU*ha-1]
	Live-stock 
	Position in crop rotation

/ = mixed crop      * = grass clover undersown  

	
	
	
	
	1
	2
	3
	4
	5
	6

	Cash crop
	31/-
	-
	-
	Grass clover2
	Winter wheat
	Oat
	Pea
	Winter rape
	Triti-cale*3

	Dairy cows
	64/39
	0.97
	80 cows + calves
	Grass clover
	Grass clover
	Winter wheat
	Oat/ Field bean
	Pea/ Barley
	Triti-cale*

	Goats
	60/50
	0.19
	50 goats + lambs  + young cattle1
	Grass clover
	Winter rape
	Pea/ False flax
	Winter wheat4
	Lin-seed
	Triti-cale*3


1 = replacement animals of dairy cow farm  2 = White clover in 2005  3=Spelt wheat in 2003 and 2004  4=Summer wheat in 2003 and 2005   

Results

Averaged over the years 2003 to 2006, only two differences in the course of the Nmin-contents in the three crop rotations were noted: the cash crop farm had a higher Nmin-content than the goat farm in the second year of the rotation and a lower value than the dairy cow farm in the fifth year of the rotation. Nevertheless the course of the Nmin-contents resembled the pattern that can be observed when one considers only the years after 2004 (Figure 1). From 2004 to 2005 the manure management on the dairy cows farm changed considerably: the cows, which until then had been kept as suckler cows, moved into the new cubicle house and were milked, the cows no longer had access to pasture and instead of solid manure slurry was produced. Averaged over the years after 2004, the cash crop farm had significantly higher Nmin-values than the livestock farms in the second year of the rotation (after grass clover). In the third rotation year the three farms were on the same level, but in the fourth and fifth rotation year the cash crop farm showed significantly lower values than the dairy cow farm. In the last year of the rotation the Nmin-contents of the dairy cow farm decreased to the level of the cash crop farm. Averaged over the entire rotation and the years 2005 to 2006, the Nmin-contents of the three farms did not differ.
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Figure 1: Nmin in the course of three crop rotations in the long-term monitoring Trenthorst, means of the years 2005 and 2006 (different letters within position: significant difference (p=0,05))
The Nmin-contents under winter wheat were significantly higher in the cash crop farm than in the dairy cow farm in the years 2004 and 2006 and averaged over the years 2003 to 2006. Nevertheless this higher Nmin-value did not result in higher yields or grain protein contents: in 2005 and 2006 the winter wheat yields on the cash crop farm were numerically higher than on the dairy cow farm, but on average the dairy cow farm had a higher winter wheat yield. The wheat grain nitrogen content on the cash crop farm was numerically higher than on the dairy cow farm, but only in 2005 this difference was significant.

Discussion

Since only four years of the six-year rotation period can be analysed up to now and major changes in the dairy cow farm management took place after the first two study years, a longer study period is necessary to verify the findings.

The comparatively smooth course of the Nmin-contents in the livestock farms can be explained by the harvesting of the grass clover as forage. This removes nitrogen and prevents a nitrogen accumulation as in the cash crop farm where grass clover is mulched (Loges et al. 2000). The distribution of farmyard manure leads to a more even nitrogen supply during the rotation. As this is not possible in a self-sustaining cash crop farm, the Nmin-contents decrease earlier than in a livestock farm, although they are higher after the first year of the rotation. This high Nmin-content after grass clover implicates an increased risk of nitrate leaching, especially on sandy soils. The use of clover grass for biogas production could remove the excess nitrogen and provide a cash crop farm with “transportable” nitrogen to fertilize crops at the end of the rotation. Stinner et al. (2005) reported a 10 % reduction of the average Nmin-contents in the rotation and thus a decreased leaching risk when grass clover and intercrops were used for biogas production instead of being mulched.

The similar rotation average of Nmin in the cash crop and the dairy cow farm is in accordance with findings of Schmidt et al. (2006), who reported a similar N availability in a stockless mulch and a livestock rotation. In contrast Entz et al. (2005) found higher available N in a grain-forage rotation compared to a green manure rotation. This might be due to the higher proportion of forage crops (50 % vs. 33 % in Trenthorst) in the rotation.  

The higher Nmin-contents under winter wheat in the cash crop farm in comparison to the dairy cow farm are somewhat surprising. The second year of grass clover apparently cannot compensate for the nitrogen removal via forage in contrast to the mulching of grass clover.

Conclusions

In comparison with the livestock farms, the cash crop farm showed higher Nmin-values after the first rotation year (mulched vs. cut grass clover), but lower values in the fourth and fifth year of the rotation. The rotation averages of Nmin were similar in the cash crop and the dairy cow farm. As no full rotation period has yet passed, a longer study period is necessary to confirm the results. 
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