Feed production on farms without animals is not environmentally sustainable
Håvard Steinshamn, Marina A. Bleken, and Erling Thuen
Abstract –Use of high energy feed supplementation can improve the protein retention by the cattle, and it has been suggested as a way to increase the nitrogen (N) efficiency of dairy production. However, in praxis feed supplementation is also used to increase the intensity of animal production above the level that can be supported by the farm's local plant production.  A collection of published surveys showed that dairy farms that buy feed are considerably lees N efficient than farms that supply the entire animal ration from their own plant production. The total N emission to the environment per litre milk doubled when 30% of the total feed ration was produced outside the dairy farm. This was so for organic as well as conventional farms. Similar results can be expected for phosphorous and other nutrients. In order to ensure a sustainable and environmentally friendly organic production, imports of feed produced far away from the dairy farm should be strictly limited. We suggest a ceiling of 5 - 10% of total feed ration. 
  
Introduction

Imports of external resources that can blow up the production have traditionally been restricted in organic farming, based on the intuition that this would bring the agro-ecosystem in an unbalanced and unstable condition. However, while the ban on easily soluble fertilizer is still widely practiced by organic movements, imports of feed have been largely liberalized. Organic production of cereals for animal consumption in regions without animals is presently suggested as a viable alternative to increase organic production. Furthermore, it has been suggested that supplementing grass with energy concentrated feed can improve the protein retention by the cattle and thus the N efficiency of dairy production. Also a widespread tendency towards further specialization in agriculture in general challenges organic farming: if specialization and use of off-farm feed improves the nutrient use efficiency in the farm, why not adopting them?

   In this study the nitrogen (N) efficiency of cattle milk production in farms employing increasing amounts of imported feed is used as an example of the consequences of the separation of plant from animal production.  We focus on the consequences of additional feed on the N efficiency of the dairy farm, not on the problems connected to the production of organic grain crops in farms without animals.
Methods
Data were collected from published surveys of groups of several commercial farms or of single prototype farms, covering a wide range of environmental conditions (from Northern Italy to Southern Norway) and yield intensity (from 3000 to 13000 l milk ha-1y-1). Six surveys regarded organic or integrated farms and fourteen regarded conventional farms. "Land-less" farms (defined as those that buy more than 50 % of the feed ration), and farms with a net sale of plant products were excluded. Figure 1 illustrates the inputs and outputs of biologically available N related to the dairy farm system, which were estimated in kg N per year and per ha of land of the dairy farm. The produce (P) is the N amount in the net sale of milk and livestock (1 kg N corresponds to ca 200 kg milk or 40 kg animal live weight). The net N amount in purchased feed (Foff‑farm,) was found by subtracting the sale of farm's crops. The N surplus on the farm (Sfarm) was calculated as the difference between the total N input into the farm (fertilizer, biological fixation and atmospheric deposition) and the nitrogen in the produce P. 
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Figure 1. Major nitrogen flows related to a dairy farm. See text for explanation of the acronyms.

On the long run this surplus gives the potential N emission from the farm to the environment. The emission factor Efarm = Sfarm / P is the amount of N (in kg kg-1) that is dissipated from the farm in order to produce 1 kg of N in milk + livestock. Nitrogen is lost (Soff-farm) also during the production of imported feed, thus the total emission factor is larger: E =  Sfarm + Soff-farm) / P. See Bleken et al. (2005) for details. 

Results and discussion
The surveys showed that the animal production is enhanced by the use of purchased feed, but it also indicated that farms that buy greater amounts of feed compared to the total amount of plants (crops and leys) produced on the farm (Ffarm) dissipate increasingly greater amounts of N in order to produce a given amount of milk. If the purchased feed improved the N utilization by the animals, this advantage was not reflected by a lower N emission factor Efarm, primarily due to the fact that imported feed increased the load of animal manure, which was used less efficiently. 
   When emission related to purchased feed is included as well, the relationship between the total emission factor E and the use of purchased feed (relative to the farms own crop production) is astonishing: E = 2.3 + 8.1 Foff-farm / Ffarm, R2 = 0.85. For the sake of simplicity it was assumed that all imported feed had been produced with the same N-efficiency.  However, a deviation from this assumption has little influence on the conclusions of this analysis. 
   There were no significant differences between organic/integrated farms and conventional farms. This indicates that the additional manure N derived from feed imports was not effectively utilized, in spite of no use of chemical N fertilizer in the farms run organically.  A closer inspection of the organic farming systems illustrates the significance of alien feed, in doses which are usually considered small or moderate, on the N dissipation (Table 1). The share of alien feed was ranged from ca. 5 to 36 % of the total ration. Within this interval the emission factor E was more than doubled.
Table 1. Farm’s milk + meat produce (P), total animal manure available at the farm (M), ratio bought feed to total feed (Ratio Feed) and total N emission factor E (kg N / kg N) for five organic and one integrated dairy farm systems.
	Soil property
	P
	M
	Ratio 
	E

	
	kg N ha-1y-1
	Feed
	

	Norway, prototype
	17
	62
	0.03
	2.4

	Austria, n* = 40
	20
	72
	0.05
	2.0

	Austria, n = 51
	21
	74
	0.07
	2.1

	Germany, n = 6
	22
	79
	0.17
	4.8

	Denmark, n = 14
	32
	124
	0.26
	5.5

	Wales, prototype
	40
	144
	0.36
	6.1


*Number of farms in the survey.
This study confirms the hypothesis suggested by the theoretical analysis that an improvement of the animal sector can easily be cancelled out by a reduced efficiency of the plant sector (Bleken et al., 2005). 
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Figure 2.  N emission factor from the farm Efarm versus the ratio of the imported feed to the plant production on the farm (Foff-farm / Ffarm). Closed symbols: organic or integrated farms. Open symbols: conventional farms.
 A look at the regulations for organic agriculture indicates that the original aim that animal production should be based on farm's plant production is no longer perceived as fundamental, as long as the purchased feed is organically produced. The USDA standards (Organic Foods Production Act of 1990) have no limitations. The European Council allows a feed import up to 50% of the feed requirement on an energy base, and the application of animal manure is limited to 170 kg N ha-1, which indirectly limits the number of animal and the feed imports (EU Regulation No 2092/91 and supplementing regulations). This is, however, a very high ceiling, and only three of the European surveys considered exceeded this amount of manure. 

   Fluctuations in the feed quantity and quality due to weather conditions and animal welfare considerations may necessitate some feed purchase. A complete ban of feed import is therefore not desirable. On the other hand, unless a low ceiling is enforced through international regulations, there will be strong pressures on organic farms to adapt to production methods with large use of purchased concentrates. One of the reasons for this pressure will be the lack of expertises for the management of the herd based exclusively on the farms own feed products, as well for the cultivation and conservation of such feed. We tentatively suggest a ceiling of 5 - 10% of the annual ration on energy basis, which can be raised in years with exceptionally adverse weather conditions. Themes to be considered in a further discussion of such a ceiling include the ecological and environmental consequences of promoting specialised organic cereal cultivation for animal consumptions in areas without livestock production, as well as yield insecurity due to annual variations.
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		Obs		Ratio_fd		SS_2						SS_farm		SS_farm				type

		4		0.18973		2.6544						1.70073						1

		7		0.07052		3.0606						2.66667						1

		8		0.22463		4.0969						3						1

		9		0.39951		5.0168						3.30976						1

		11		0.4185		6.4786						4.71429						1

		12		0.23155		4.9892						3.86486						1

		14		0.37313		5.775						4.15						1

		15		0.40542		5.7951						4.07006						1
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		18		0.6175		8.0878						5.80488						1

		19		0.55316		7.2574						5.12766						1

		20		0.50709		6.7375						4.72537						1

		21		0.95488		8.9333						6.01235						1

		16		0.38303		3.9438						2.28767						1

		1		0.05023				1.971						1.685				2

		2		0.07648				2.1322						1.70732				2

		3		0.02994				2.4355						2.26163				2

		6		0.2019				4.8227						3.81818				2

		10		0.36044				5.4594						3.875				2

		13		0.57265				6.1025						3.925				2

		22		0						2.3						1.97		4

		23		1						10.3						6.85		4
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