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1.
General introduction

Livestock production contributes to the emission of ammonia and N2O into the atmosphere and to nitrate leaching towards groundwater. Nitrogen input into livestock production systems is mainly in the form of protein in feeds and of N-fertilizer. Dietary N is partly retained by the animal in meat, milk, eggs and offspring. The remaining part is excreted in faeces and urine. Faecal N is mainly organically bound, whereas urinary N is mainly urea N (in poultry: uric acid). Due the abundance of urease in the environment, urea is almost instantaneously hydrolysed into ammonium, being the main source for the environmental emissions.
A direct linear relationship between the input of dietary N and N excretion  in urine has been reported for pigs and diary cows.

Due to safety margins implemented by the feeding industries, the dietary N supply is often in excess. Reducing dietary N input will reduce the environmental impact of N excretion by livestock animals, but can also affect animal performance and health.

In this report the economic effects of measures to reduce the excretion of urea N or the inhibition of NH3 volatilisation will be discussed. However, literature data on this topic are scarce. We assume that most data are within the feeding industries and kept confidential. Inquiries within this sector were answered in general terms and provided no actual data.
2
Low N nitrogen feeding strategies in pigs

2.1
Introduction

Feeding strategies to lower ammonia emissions from pig production units are focussed on:

1. reducing urea concentration and excretion

2. reducing ammonia production and volatilization during storage and application

2.2
Reducing urea concentration and excretion

Two feeding strategies have been tested:

1 Reducing the total urinary and faecal nitrogen excretion

2 Shifting N excretion in urine towards N excretion in faeces.

2.2.1
Reducing total N excretion
Reducing crude protein intake has a large impact on total N excretion. An important prerequisite for such a strategy is to maintain performance (piglet production, growth) not only because this determines farmer’s profitability, but also because a reduction in nitrogen retention in piglets or meat will result in an increased N excess.

Phase or stage feeding has now largely been accepted for growing pigs. This strategy recognises the change in required energy: protein ratio during the growing period.

Indicative crude protein levels in feeds considered as Best Available Technique for Intensive Rearing of Poultry and Pigs are presented in Table 2.1.

An increase in the energy: protein ratio can be achieved by the exchange of high-protein feed materials, such as soybean meal, by carbohydrate sources. The costs of such an exchange depend on the costs of high-protein sources and carbohydrate sources such as grains. Soybean meal is often 10% more expensive relative to grains, and exchanging soybean meal by grains will then reduce feeding costs. However, grains are also used for human food and for fuel (ethanol production). The increased demand for grains as food and fuel will also increase the market prize of grains and grain prices may be higher than that for soybean meal.
	Table 2.1. Indicative crude protein levels in BAT-feeds for poultry and pigs
(European Commission, 2003).

	Species
	Phase
	Crude Protein1, g /kg feed

	Broiler
	starter
	200 to 220

	
	grower
	190 to 210

	
	finisher
	180 to 200

	
	
	

	Turkey
	< 4 weeks
	240 to 270

	
	5 to 8 weeks
	220 to 240

	
	9 to 12 weeks
	190 to 210

	
	13+ weeks
	160 to 190

	
	16+ weeks
	140 to 170

	
	
	

	Layer
	18 to 40 weeks
	155 to 165

	
	40+ weeks
	145 to 155

	
	
	

	Weaner piglet
	< 10 kg
	190 to 210

	
	10 to 25 kg
	175 to 195

	
	
	

	Fattening pig
	25 to 50 kg
	150 to 170

	
	50 to 110 kg
	140 to 150

	
	
	

	Sow
	gestation
	130 to 150

	
	lactation
	160 to 170

	1With adequately balanced and optimal digestible amino acid supply


Besides, ethanol production from grains yields rest products that are relatively high in protein concentrations. Products such as distiller’s grains from maize and wheat may become important feed ingredients in future, competing with soybean meal. Protein in dried distiller’s grains with solubles (DDGS) is approximate 80% of the price of protein in soybean meal. However, diets with high proportions of DDGS will be deficient in lysine, threonine and tryptophan.
2.2.2
Shifting N excretion

Dietary fibre from plant cell walls will not be digested in the small intestine, because mammals do not synthesise and secrete cellulases. Dietary fibre entering the large intestine will be partly degraded by the micro flora yielding volatile fatty acids and microbial protein. Volatile fatty acids will be absorbed by the animal through the intestinal wall, whereas microbial protein will be secreted in the faeces. If microbial protein synthesis exceeds protein degradation in the large intestine, urea will be secreted in the intestinal lumen and incorporated in microbial protein. This will reduce blood urea concentrations and hence urinary urea excretion.
2.3
Reducing ammonia production and volatilization

Strategies to reduce ammonia production and ammonia volatilization are mainly focussed on reducing urinary pH. Supplementing the diet with benzoic acid or reducing the dietary cation-anion difference in the diet by selection of feed material or addition of anions (such as chloride or sulphate) are the main methods to acidify urine by feeding strategies.

2.4
Cost calculation in the Netherlands

Aarnink et al. (2010) calculated the impact and costs of various feeding strategies to reduce ammonia emissions from houses for growing–finishing pigs. The conclusions of this study are summarised in Table 2.2. The authors concluded that a reduction of dietary protein to a level of 135 to 140 g/kg of feed and a reduction of the dietary cation-anion difference are effective feeding strategies at relatively low costs.

	Table 2.2. Environmental impact and costs of feeding strategies to reduce ammonia emissions for pig houses. From Aarnink et al. (2010).

	Strategy
	Ref. value
	Change
	Unity
	Change NH3 emission (%)
	Costs per pig place†
	Costs per 10% NH3 reduction

	Dietary protein
	165
	-15
	g/kg of feed
	-15
	- € 2.07
	- € 1.38

	
	165
	-30
	
	-30
	€ 5.91 
	€ 1.97

	
	
	
	
	
	
	

	Benzoic acid
	0
	10
	g/kg of feed
	-16
	€ 9.94¶
	€ 6.21

	
	
	
	
	
	
	

	Exchange CaCO3 by CaCl2 (or CaSO4)
	0
	3
	g Ca/kg of feed
	-24
	€ 4.38
	€ 1.83

	
	
	6
	
	-35
	€ 8.77
	€ 2.50

	
	
	
	
	
	
	

	Dietary CAD§
	320
	-100
	mEq/kg feed DM
	-7
	€ 
	€ 

	
	
	
	
	
	
	

	Fermentable carbohydrates
	180
	50
	g/kg of feed
	-6
	€ 
	€ 

	
	180
	100
	
	-12
	€ 
	€ 

	†Standardised for a farm with 4,200 pig places and assuming a consumption of 247 kg of feed per pig.
¶Growth-promoting effect of benzoic acid is not taken into account.

§CAD = cation-anion difference.


2.5
Cost calculation in Spain

Piñeiro et al. (2010?) calculated cost but also accounted for possible changes in performance. Extra costs for phase-feeding or low-protein diets are presented in Table 2.3. In a favourable market feeding Low protein diets will improve the farmer’s profit per pig and place. 
	Table 2.3. Effective unit cost for feeding strategies (Piñeiro et al., 2010?)

	Technique
	Ammonia reduction
	Extra costs

	
	%
	kg/place
	€/place
	€/kg pig
	€/kg NH3 reduction

	Phase feeding
	10
	0.32
	1.52
	0.0052
	4.8

	Low N diet, unfavourable market
	30
	0.95
	1.61
	0.0053
	1.7

	Low N, favourable market
	30
	0.95
	-1.92
	-0.0064
	-2.0


2.6
Cost calculation in Finland
Niemi et al. (2010) compared the value of a multi-phase feeding system for growing swine against a two-phase feeding system and the effects of changes in the prices for pork, gains and soybean meal. Changing from a two-phase to a multi-phase feeding system increased the annual return per pig space by € 1.60 (€ 1.35 to € 1.88). For an average Finnish pig farmers this would yield a 3% improvement of agricultural income. The effect of various market changes are presented in Table 2.4. Multi-phase feeding is slightly less vulnerable to market changes than two-phase feeding.
	Table 2.4. Net economic benefit (€ per pig space) of changing from a two-phase to a multi-phase feeding system and the impact on market changes (Niemi et al., 2010).

	Scenario
	Benefit multi-phase system1
	
	Income per pig place as affected
by market changes, €

	
	
	
	Two-phase
	Multi-phase

	Benchmark
	27
	
	0
	0

	10% higher pig meat price
	22
	
	724
	719

	10% higher piglet price
	31
	
	-358
	-353

	10% higher barley price
	28
	
	-182
	-180

	10% higher soybean meal price
	25
	
	-59
	-57

	1Benefit for an infinite-horizon period. € 27 corresponds to a € 1.60 annual return per pig space


3
Low nitrogen feeding strategies in poultry
3.1
Reducing crude protein concentration
Similar to pig diets, reductions in protein concentration in the diet are possible taken the amino acid supply into account. Thus, a reduction in protein concentration by exchanging e.g. soybean meal by grains is possible and profitable. However, as in pigs, the actual reduction in dietary protein depends on the availability, price and metabolic efficiency of synthetic amino acids. Farrell (2005) fed diets with different protein concentration to laying hens from 25 to 45 weeks of age. Reducing the crude protein concentration from 172 to 139 g/kg with additional supplementation of glutamic acid, reduced N excretion from 62 to 44 g per kg egg production.

Veens et al. (2009) plead for redefining the maintenance requirements for amino acids for laying hens. At high ingredient prices, methionine and tryptophan were economical in diets with crude protein concentrations between 190 and 210 g/kg. For a further reduction of dietary crude protein for laying hens, besides lysine, methionine and tryptophan, also threonine and valine will be required.

No actual data were found in literature to compare the economic effects of low N feeding strategies in broilers and laying hens.
3.2
Reducing ammonia volatilisation
Litter dry matter has a large impact on the volatilisation of ammonia in poultry houses. Because battery housing will be forbidden within the EU, the effect of litter dry matter on ammonia emissions will become more important. Emissions of ammonia from litter can be reduced by maintaining a high dry matter content, a low pH or low temperature, which minimize the degradation rate of organic nitrogen and thus the volatilization of ammonia (Groot-Koerkamp & Elzing, 1996). Dry matter content and pH can be influenced by dietary strategies.

4
Low nitrogen feeding strategies in dairy cattle

4.1
Introduction

A general feeding strategy for dairy cattle is to reduce total N intake by including more maize (silage) or other grain cereals in their diet. A lower N intake will reduce N excretion, which is monitored by controlling the urea concentration in milk. As mentioned previously, costs of such an exchange depend on the costs of high-protein sources and carbohydrate sources such as grains. Soybean meal is often more expensive relative to grains, and exchanging soybean meal by grains will then reduce feeding costs. However, grains are also used for human food and for fuel (ethanol production). The increased demand for grains as food and fuel will also increase the market prize of grains and grain prices may be higher than that for soybean meal. In October 2010, market prices for protein sources soybean meal and rapeseed meal were higher than prices for grains and therefore, low-protein supplements for dairy cows are less expensive than high-protein supplements. In dairy cattle feeding, products such as distillers grains yielding from the ethanol production from maize and wheat are already commonly used feed materials. Such products can be fed in a dry form, but farms within a relatively small distance of ethanol plants are feeding distillers grains in a liquid form.

Only at relative low protein concentrations and with a limited number of feed ingredients supplementing extra amino acids may be required. Lysine may be limiting high maize-starch diets; methionine in diets with soybean as main protein source; histidine may be limited in diets with a large proportion of ruminal-degradable protein such as (unwilted) grass silage. For dairy cows amino acid supplements should be protected against ruminal degradation, which results in a relatively high price for such products.
Koelemeijer et al. (2010) estimated that reducing the annual N-excretion from 138 to 120 kg per dairy cow and maintaining a milk urea concentration of 200 mg/kg of milk will reduce ammonia emission in the Netherlands by 3 to 5 kton. The costs were estimated at € 6 to 10 per kg of NH3 reduced.
4.2
Partial replacement of fresh grass

Reducing the intake of high-protein fresh grass during the growing season by reducing the grazing period and feeding a low-protein diet indoors is one of the feeding strategies to reduce N intake in dairy cattle. Mandersloot (1992) calculated the effect of 4 feeding strategies on N excretion and economic profit. Feeding strategies were unrestricted grazing and no maize silage (U0); unrestricted grazing with 3 kg of maize silage dry matter at milkings (U3); restricted (daytime) grazing with 3 kg of maize silage dry matter fed indoors (night-time) (R3); restricted grazing with 6 kg of maize silage dry matter fed indoors (R6). It was assumed that feeding maize silage reduced grass intake by 1.2 (U3 and R3) or 3.6 (R6) kg of dry matter and that restricted grazing reduced grass intake by 10%.
	Table 4.1. Effect of grazing strategy and feeding maize silage during the growing season (Mandersloot 1992)

	
	Intensity

	
	10,000 kg of milk / ha
	
	15,000 kg of milk / ha

	
	Unrestricted grazing
	Restricted
grazing
	
	Unrestricted grazing
	Restricted
grazing

	
	Maize silage intake (kg DM)
	
	Maize silage intake (DM)

	
	0
	3
	3
	6
	
	0
	3
	3
	6

	N excess
	100
	97
	82
	81
	
	100
	97
	82
	82

	Profit
	100
	99
	98
	95
	
	100
	99
	98
	96


From the results summarised in Table 4.1 it can be concluded that restricted grazing reduced N excess by almost 20% and reduced profitability with 5% or less. The intensity of farming had no significant impact. The reduction in profitability was mainly due to the extra labour costs of harvesting residual grass and application of extra manure.

4.3
Combined feeding and other management strategies 
(De Marke)
De Haan (2001) reported the effects of environmental measures on an experimental low-input farm (“De Marke”). The main findings for combinations of feeding strategies are summarized in Table 4.2. Changing grazing management in which dairy cows were housed indoors during two periods (afternoon and night) reduced N surplus by 9% compared to the basal situation. Extra costs amounted to € 0.12 per kg reduction in N surplus of the farm. Including more maize products in the diet raised these extra costs by € 0.90 (extra maize in summer period) to more than € 2 (feeding maize ear corn and low emission housing) per kg reduction of total N surplus. Farmer’s income increased for siesta feeding and better accounting for DVE requirements, but decreased for strategies that included extra maize products in the diet.
Since 1998, grazing time for the siesta grazing strategy was reduced from 6 h/d to 4.5 h/d. This led to extra costs, resulting in a 10% reduction in farmer’s income (De Haan & Ter Veer, 2004). In the study of De Haan (2001), maize ear corn was fed to each of two production groups up to the average energy requirement of each group.

Since 2000, lactating cows are housed as one group and maize ear silage is supplemented to cows individually, using a multifeeder. Using a multifeeder in combination with a partly exchange of maize by triticale production, reduced farmers income by 20%. In that study, no data have been reported on N balances.

	Table 4.2. Effect of feeding strategies on farm1 economic results (De Haan, 2001)

	
	Strategy (sequential implementation)

	
	base
	+

siesta grazing2
	+

DVE
req.
	+

more maize in summer3
	+

shorter grazing period4
	+

maize ear silage5

	N surplus, kg/ha
	242
	221
	219
	155
	142
	132

	N reduction, relative 
	0%
	9%
	10%
	36%
	41%
	45%

	Extra costs, total
	€0
	€142
	€554
	€4,290
	€9,348
	€14,445

	Extra costs, €/kg N reduction
	-
	€0.12
	€0.44
	€0.90
	€1.70
	€2.39

	Extra costs, €/kg milk
	-
	€0.000
	€0.001
	€0.006
	€0.014
	€0.022

	Extra farmers income6, €/kg N red.
	-
	€1.44
	€1.51
	-€0.60
	-€1.49
	-€2.45

	1Experimental farm “De Marke”, situation 1998: 78 dairy cows and 55 ha of land area (grass and maize)

2+ less young stock + crop rotation

3+ previous strategies + catch crop under maize + reduced N fertilizer + reduced P fertilizer

4+ previous strategies + growing more maize

5+ previous strategies + low emission housing

6Net farm income + labour costs


4.4
Wisconsin simulation study

Rotz et al. (1999) used the dairy farm model “DAFOSYM” to simulate the effects of reduced N feeding strategies for a 60-cow dairy farm. In this simulation study, improved N utilization was implemented by using two different protein sources: 1) a mix consisting of 50% heat-treated soybean meal, 15% blood meal and 25% swine meat and bone meal and 2) 100% roasted soybeans. Improving the protein supply, reduced N import by more than 10% (Table 4.3). Although the total export of N in milk, feed and animal sale was 500 kg lower compared to the original situation (soybean meal supplementation only), the net return increased absolutely as well as per kg exported N. However, it should be realised that meal of animal origin in not allowed in cattle feed within the EU and that the profitability estimations depends largely to the assumed prices (in this study: $ 250 / tonne of soybean meal dry matter (DM), $ 120 / tonne of maize grain DM and $ 330 / tonne of protein mix DM).
	Table 4.3. Effect of protein supplement on nitrogen balance, costs and profit of a 60-cow dairy farm1 (Rotz et al., 1999)

	
	Supplement

	
	Soybean
	Rumen Protected
	Mixture2
	Roasted Soybean

	Milk yield, 
kg
	10000
	10000
	10000
	10000

	N input,
kg
	19946
	17354
	17306
	17784

	N input,
kg/kg milk
	1.99
	1.74
	1.73
	1.78

	
relative to Soybean
	100%
	87%
	87%
	89%

	
	
	
	
	

	N exported
kg
	8284
	7768
	7772
	8074

	
relative to Soybean
	100%
	94%
	94%
	97%

	
	
	
	
	

	N loss/N input
	0.32
	0.28
	0.28
	0.28

	
relative to Soybean
	100%
	88%
	88%
	88%

	N loss,
kg/kg milk
	0.64
	0.49
	0.49
	0.50

	
relative to Soybean
	100%
	77%
	76%
	79%

	
	
	
	
	

	Production cost,
total
	$ 198,911
	$ 193,375
	$ 193,192
	$ 194,773

	
relative to Soybean
	100%
	97%
	97%
	98%

	
/kg N exported
	$         24.01 
	$        24.89 
	$        24.86 
	$        24.12

	
relative to Soybean
	100%
	104%
	104%
	100%

	Net return,
/kg N exported
	$         -0.10 
	$          0.38 
	$          0.41 
	$          0.36 

	
extra to Soybean
	
	$          0.48 
	$          0.51 
	$          0.46 

	160 mature cows, 52 replacement heifers on 70 ha of cropland under average weather conditions

250% heat-treated soybean meal,15% blood meal and 25% swine meat and bone meal
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