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Nitrate leaching and energy efficiency of stockless arable systems compared with mixed farming and a non-organic system on fertile soils in Northern Germany
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Abstract

Previous studies based on either small-scale plot experiments or modelling approaches, indicate a lower risk of nitrate leaching and a higher energy efficiency in organic than in conventional farming systems. Because there is still a lack of data measured at the farm scale, which also take farm type and farming practices into account, a comparison between an N-intensive non-organic, two organic all-arable crop rotations and a typical rotation of a mixed organic farm was carried out over a three-year period at a highly productive site in Northern Germany. Comparing the all-arable crop rotations, the organic systems had 70% lower potential yields than the regional typical conventional crop rotation. In spite of 60% lower input of fossil energy an N-intensive organic crop rotation showed 20 percent lower energy efficiency than a comparable conventional. In the present study, the higher N inputs and higher N surplus in the conventional system did not lead to significantly higher nitrate leaching than in the organic all-arable crop rotations. Comparison of an organic all-arable crop rotation with the corresponding mixed farming system showed significantly higher potential yields, higher energy efficiency and lower nitrate leaching in the organic mixed farming system. Management of the grass/clover (mulching versus feeding) had the strongest influence on nitrate leaching and energy efficiency in the organic systems. The decision to undertake stockless instead of mixed organic farming should not only be based on economic reasons, but also take the important aspects of energy and nitrogen efficiency into account. 
Introduction
Several studies have shown that that changing from conventional to organic farming can represent a way to reduce negative impacts to the environment, for example nitrogen (N) losses (Hansen et al., 2000; Eltun et al., 2002) and the input of fossil energy both per unit land and per unit product (Refsgaard et al., 1998; Dalgaard et al, 2001). In contrast to this, some studies on farm nitrogen budgets (e.g., Scheringer et al., 2001) and field measurement of e.g. Wachendorf et al., 2004 indicate a substantial risk of nitrate leaching on specialised organic farms. This indicates that it is not the simple case of conversion to organic farming alone which guarantees a reduction of all negative impacts to the environment. Factors such as farm type, cropping method, soil and climatic conditions strongly affect the relative performance of organic farming systems from both an agronomic and an environmental point of view. Also in organic agriculture there is currently a trend towards specialized farming systems. Until the early 1990’s, organic farming in Europe was represented mostly by mixed farms with livestock since a tight nutrient cycle with a high share of forage legumes and nutrient recycling through livestock was regarded as a prerequisite in nitrogen (N)-limited organic farming systems. Recently the growing market for organic cereals, field grown vegetables and the conversion of all-arable farms to organic standards created the context for an increasing specialisation towards all-arable stockless organic farms. These farms have followed up the intensification and specialisation as observed in conventional agriculture. Cereals and other cash crops are grown in short rotations (3-4 years) with a minimum proportion of forage legumes. Studies comparing the relative performance with respect to yields and environmental effects of organic mixed and all-arable farms are scarce. Comparisons of organic and conventional all-arable cropping systems under favourable soil and climatic conditions are scarce as well. Since most studies based their conclusions on results from small-plot field trials or on farm nitrogen budgets, especially comparative studies based on measured data at a farm scale are lacking. For this reasons N- and energy-fluxes of different conventional and organic cropping systems were compared in a farm-scale study on highly productive arable soils at Kiel University’s experimental farm Lindhof in Northern Germany that has been sub-divided in an organic and a conventional farm unit.
Materials and methods
During the conversion from conventional to organic farming, different crop rotations were implemented at the field scale at the experimental farm Lindhof (Kiel university) in Northern Germany The site is characterised by Luvisols and Cambisols as soil types, a mean annual air temperature of 8,7°C and a mean annual precipitation of 774 mm. Over a three-year period (1999/2000- 2001/2002), organic and conventional crop rotations were analyzed for productivity, nitrogen balances and nitrate leaching. At Lindhof one non-organic and three organic crop rotations which represent 4 farm systems where established in 1994. The three organic crop rotations differed with regard to legume content and farm type. Each of the following crop rotation was carried out on four fields representing four replications: (1) non-organic, (2) stockless organic with a crop rotation content 50% legumes, (3) stockless organic with 30% legumes and (4) mixed organic 50% legumes. The non-organic crop rotation was oilseed rape – winter wheat – sugar beet – winter wheat. Average annual N input was 186 kg ha-1. In the organic all-arable farming systems grass/clover was mulched while the mixed farming system was characterised by harvesting and feeding grass/clover to a small herd of suckler cows as well as manure application to non-legume crops. Only the harvest years 1999-2001 were considered, in order to minimize the risk that organically managed fields that had been converted to organic standards in 1994, were still affected by residual effects of conventional practices, such as high levels of soil nutrient supply. The farm scale of the experiment ensured that crops were managed as on commercial farms, and that yields were comparable to practical conditions. To compare the at field level determined yields of the different crops, it was necessary to transform them to comparable standards. The yields of the all-arable crop rotations were transformed to grain equivalents (GE) using values for standardised fresh matter contents from the official tables of the German Federal Agency for Agriculture and Nutrition (BLE, 2004). To compare yields of the all-arable crop rotation with those of the mixed farm system (Table 2), yields were transformed into metabolisable energy (ME) using data of the official German feedstuff evaluation tables (Anonymous, 1997). The energy input was determined as sum of direct and indirect fossil energy inputs. Leaching of nitrate was determined with ceramic suction cups, of which 300 had been installed on the farm area. Leachate was sampled weekly during the three winters and analyzed for NO3 concentrations. The volume of drainage water was calculated by a general water balance model. Nitrogen fixation was estimated on subplots as difference of the absolute measured N-amounts of crop and crop residues (root, stubble and litter) between the considered legume and a similar managed non-N-fixing reference crop. For statistical analyses, the untransformed data was subjected to analysis of variance (ANOVA) using the procedure Mixed of SAS® (Vers. 9, 2001).
Results and discussion
Some agronomic and environmental characteristics of the analyzed all-arable farming systems are given in Table 1. Yields (in grain equivalents) of the conventional system were much higher than of the organic all-arable systems. This may be attributed to a higher nutrient input, a target-oriented use of plant protecting agents, and the absence of a non-yielding mulched grass/clover ley in the conventional system. In spite of the significantly higher N input and N surplus of the conventional system, nitrate leaching did not differ significantly from the organic crop rotations. The observed range in nitrogen leaching was from 20.1 to 23.6 kg NO3-N ha-1. Related to the average drainage (253 mm in 3 winters), NO3-N loads were below the EU threshold value of 50 ppm NO3 in drinking water, which is equivalent to the leaching of 28.6 kg N ha-1. The relatively high N losses via leaching in the organic all-arable systems were due to inefficient utilization of mineralized N from the grass/clover mulch.
Tab. 1: Yield of grain equivalents (GE), N input, N balance, N leached, fossil energy input, and energy efficiency of all-arable farming systems during the experimental period 1999/2000-2001/2002 
	Farming system
	Crop rotation
	Yield
	N
	N
	Leached
	Energy
	Energy

	
	
	
	input
	balance
	NO3-N
	input
	efficiency

	 
	 
	[GE ha-1]
	[kg ha-1]
	[kg ha-1]
	[kg ha-1]
	[GJ ha-1]
	[GE GJ-1]

	1. Conventional
	1.1 Sugar beet
	 
	 
	 
	 
	 
	 

	all-arable farm
	1.2 Winter wheat
	107.5 a1)
	186.0
	47.5
	23.6 a
	15.57 a
	6.65 a

	 
	1.3 Winter oilseed rape
	(100%)
	(100%)
	(100%)
	(100%)
	(100%)
	(100%)

	 
	1.4 Winter wheat
	 
	 
	 
	 
	 
	 

	 2. Organic
	2.1 Grass/clover mulched
	 
	 
	 
	 
	 
	 

	all-arable farm
	2.2 Oats
	  31.8 b
	  88.5
	12.1
	21.2 a
	  6.07 b
	5.28 b

	50% legumes
	2.3 Grain legume 
	 (30%)
	 (48%)
	 (25%)
	 (98%)
	 (39%)
	 (79%)

	
	2.4 Winter wheat/potato
	 
	 
	 
	 
	 
	 

	 3. Organic
	3.1 Grass/clover mulched
	 
	 
	 
	 
	 
	 

	all-arable farm
	3.2 Oats
	  29.8 b
	  67.0
	17.5
	20.1 a
	  4.50 c
	6.58 a

	33 % legumes
	3.3 Winter rye 
	 (28%)
	 (36%)
	 (37%)
	 (85%)
	 (29%)
	 (99%)


1) same letters in one column are not significantly different P≤0.05

Furthermore, the relatively high average input of mineral fertiliser-N of 186 kg ha-1 into the conventional system was the main reason for the much higher input of fossil energy compared to the organic systems. As productivity in the conventional system was also much higher, energy efficiency was not lower. Table 2 shows the same characteristics for the organic all-arable and mixed farming systems with 50% legumes. Utilisation of grass/clover herbage in animal production and higher yields of non-leguminous crops due to the application of manure led to 50% higher energy yields and 30% higher energy efficiency in the organic mixed farming system. Nitrate leaching was significantly lower in the mixed farming system than in the all-arable system even though total N input was higher. Harvesting the grass/clover herbage resulted in higher nitrogen fixation and lower leaching losses in the following winter. Feeding the grass/clover herbage produced manure which resulted in better utilization N-utilization within the entire rotation. 
Tab. 2: Metabolisable energy yield, N input, N balance, N leached, fossil energy input, and energy efficiency of organic all-arable and mixed farming systems during the period of 1999/2000-2001/2002
	Farming
	Crop rotation
	Yield
	N
	N
	Leached
	Energy
	Energy

	system
	
	
	input
	balance
	NO3-N
	input
	efficiency

	 
	 
	[GJ ME ha-1]
	[kg ha-1]
	[kg ha-1]
	[kg ha-1]
	[GJ ha-1]
	[GJ GJ-1]

	 2. Organic
	2.1 Grass/clover mulched
	 
	 
	 
	 
	 
	 

	all-arable farm
	2.2 Oats
	 36.31) b2)
	  88.5
	 12.1
	 21.2 a
	 6.07 b
	 5.90 b

	50% legumes
	2.3 Grain legume 
	(100%)
	(100%)
	(100%)
	(100%)
	(100%)
	(100%)

	
	2.4 Winter wheat/potato
	 
	 
	 
	 
	 
	 

	 4. Organic
	4.1 Grass/clover harvested
	 
	 
	 
	 
	 
	 

	mixed farm
	4.2 Oats
	 55.4 a
	137.2
	 11.1
	 11.4 b
	 6.96 a
	 7.87 a

	50% legumes
	4.3 Grain legume 
	(153%)
	(155%)
	(92%)
	(62%)
	(115%)
	(133%)

	
	4.4 Winter wheat/potato
	 
	 
	 
	 
	 
	 


1) mean of entire crop rotation, all values are averages per year, 2)same letters in one column are not significantly different P≤0.05

Conclusions
Under the sites growth conditions, stockless organic farming was not advantageous in terms of nitrate leaching and fossil energy efficiency. Farming system (specialised arable versus mixed farming) had a decisive impact on agronomic and environmental performance. In terms of nitrate leaching and fossil energy efficiency mixed farming with livestock was advantageous. The decision to undertake stockless instead of mixed organic farming should not only be based on economic reasons, but also take the important aspects of energy and nitrogen efficiency into account.
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