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Earth beyond six of nine planetary boundaries

Richardson et al. (2023)



P

Reducing environmental impact dairy farming

Nutritional approaches to 
• phosphorus excretion
• nitrogen excretion
• enteric methane emission

with focus on Dutch dairy sector as a case
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Phosphate excretion dairy cattle and youngstock
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Considerations to reduce P in practice

• Grass herbage / grass silage high P content
• Concentrates / byproducts with low P but adequate protein at a premium
• Concerns about lower dietary P affecting production, transition health, 

and fertility
• Experiment dairy cattle (n = 60) 

(Keanthao et al., 2021)
• 6 wks antepartum to 8 wks postpartum
• 2 × 2 factorial design

• dry period: 2.2 (recommended) or 3.6 (practice) g P/kg DM
• lactating period: 2.9 (low) or 3.8 (recommended) g P/kg DM



Effects of P level dry period and early lactation period

• No effect of P level on DM intake, milk production, milk composition
Keanthao et al. (2021)

• In line with other findings on absence of effect at / somewhat below 
recommended P levels

Valk and Šebek (1999)
Wu et al. (2001)
Peterson et al. (2005)
Puggaard et al. (2014) 
Wächter et al. (2022)
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Conclusions on phosphorus (P) excretion

• Reduced P excretion without decreased production volume 
requires lowering dietary P 

• Covenant on lower P levels concentrate effective
• Recommended dietary P levels may be excessive

• low P levels during dry period/start of lactation aid smoother 
transition



Reducing environmental impact dairy farming

Nutritional approaches to 
• phosphorus excretion
• nitrogen excretion
• enteric methane emission

with focus on Dutch dairy sector as a case
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Nitrogen – hot topic



Nitrogen excretion dairy cattle and youngstock
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The         is protein supply....

• Potential negative impact of lower N diet on production

• Focus on decreasing urinary N excretion
• ↑ absorbed amino acid-N to milk



N intake is principal driver of N excretion, but...

N intake (g/ d)

N 
in

 u
rin

e 
(g

/d
)

Nurine = 20±20 + 0.38±0.039 N intake

dairy cattle (n = 470)
Kebreab et al. (2010)

Urine N (g/d):
20(20.0) + 0.38(0.039) N-intake

Prediction significantly better with 
energy intake included
Urine N (g/d):

48(20.1) + 0.56(0.030) N-intake 
− 71.4(12.20) ME-intake

N-intake, g/d
Metabolizable Energy (ME) intake, MJ/(kg0.75 d)



The         is protein supply....
..... but relative to energy supply

• Potential negative impact of lower N diet on production

• Focus on decreasing urinary N excretion
• ↑ absorbed amino acid-N to milk

• Balanced rumen N and energy supply 

• Post-absorptive balance energy (NEL) and protein (MP) is 
complex



Balanced protein and energy supply udder

amino 
acids

protein

NEFA
BHBA

acetate

TAG

glucose

glycerol



Response to change in NEL and MP

Response to dietary MP content depends on dietary NEL content
• increase in NEL content may balance impact of decrease 

in MP content and reduce urinary N excretion

‒20 MJ/d

‒10 MJ/d

+20 MJ/d
+10 MJ/d

0 MJ/d

n = 825
Daniel et al. (2016)

-20              -10               0                10                20
MP content [(g – 100) / kg DM]

NEL: net energy for lactation
MP: metabolizable protein



Importance of amino acid profile for milk N efficiency

Milk protein yield limited by single amino acid?
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Conclusions on nitrogen (N) excretion

• N accounting system (inputs & outputs N) key to reducing N excretion
• Decreasing dietary protein level per se is not major goal

• proper balance between dietary protein and level / type of energy at 
rumen / post absorptive level

• Efficiency of post-absorptive utilization amino acids is not fixed
• focus quantitatively and qualitatively: as groups, not individual



Reducing environmental impact dairy farming

Nutritional approaches to 
• phosphorus excretion
• nitrogen excretion
• enteric methane emission

with focus on Dutch dairy sector as a case
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Enteric methane emission dairy cattle
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68,3%

9,5%
22,2%

Methane intensity (g/kg FPC milk)
(n = 63)

No effect Effect < 10% Effect > 10%
strategies (% of total)

60,4%

17,7% 21,8%

Methane yield (g/kg feed DM)
(n = 96)

No effect Effect < 10% Effect > 10%
strategies (% of total)

Many methane mitigation strategies not effective

430 studies
meta-analysis

Arndt et al. (2022)



Increasing feeding level
Decreasing grass 
maturity
Decreasing forage to 
concentrate ratio
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CH4 inhibitors (3NOP)

Tanniferous forages
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mixed model:
CH4 = 10.9(±2.6) + 0.045(±0.005) NDF



Meta-analysis CH4 production: 3-NOP supplementation

Mean Effect SE P-value

Mixed effect model Mean difference (% of control)
Overall effect size −32.4 1.3 <0.01

Kebreab et al. (2023)

Heterogeneity > 90%



Meta-analysis CH4 production: 3-NOP supplementation

*centered on their means

Mean Effect SE P-value

Mixed effect model Mean difference (% of control)
Overall effect size −32.4 1.3 <0.01

Change in mean difference*

3-NOP (mg/kg DM) 71 −0.28 0.07 <0.01
NDF (g/kg DM) 329 0.092 0.034 0.02
Crude fat (g/kg DM) 42 0.31 0.13 0.04

Kebreab et al. (2023)

dose-dependent
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lower efficacy when fibre content increases



Meta-analysis CH4 production: 3-NOP supplementation

*centered on their means

Mean Effect SE P-value
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Overall effect size −32.4 1.3 <0.01

Change in mean difference*

3-NOP (mg/kg DM) 71 −0.28 0.07 <0.01
NDF (g/kg DM) 329 0.092 0.034 0.02
Crude fat (g/kg DM) 42 0.31 0.13 0.04
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lower efficacy when fat content increases



Conclusions on methane emission

No / limited effectiveness of many mitigation strategies

Several strategies high potential / readily applied
• forage type/quality; anti-methanogenic feed additives

Implementation requires (government) policies / incentives

Quantification of variation in efficacy is vital
• based on solid scientific evidence



Synergies and trade-offs
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Example: grass silage vs. maize silage
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Example: multi-criteria evaluation

Intercept Slope
DMI

(kg/d)
ADF

(% DM)
CP

(% DM)
CH4 emission (g/d) −7.5 14.0 5.20 −2.67
dVS excretion (g/d) −1020 383 53.3 −65.5
Total N excretion (g/d) −246 14.8 1.50 15.9

Van Lingen et al. (2018)

dVS: digestible volatile solids



Take home message

Reducing environmental impact 

Solid science

jan.dijkstra@wur.nl

Trade-offs

License to produce

Quantify mitigation


	Diapositiva numero 1
	Diapositiva numero 2
	Diapositiva numero 3
	Diapositiva numero 4
	Diapositiva numero 5
	Diapositiva numero 6
	Diapositiva numero 7
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Diapositiva numero 11
	Diapositiva numero 12
	Diapositiva numero 13
	Diapositiva numero 14
	Diapositiva numero 15
	Diapositiva numero 16
	Diapositiva numero 17
	Diapositiva numero 18
	Diapositiva numero 19
	Diapositiva numero 20
	Diapositiva numero 21
	Diapositiva numero 22
	Diapositiva numero 23
	Diapositiva numero 24
	Diapositiva numero 25
	Diapositiva numero 26
	Diapositiva numero 27
	Diapositiva numero 28
	Diapositiva numero 29
	Diapositiva numero 30
	Diapositiva numero 31
	Diapositiva numero 32
	Diapositiva numero 33
	Diapositiva numero 34
	Diapositiva numero 35
	Diapositiva numero 36
	Diapositiva numero 37
	Diapositiva numero 38
	Diapositiva numero 39
	Diapositiva numero 40
	Diapositiva numero 41
	Diapositiva numero 42
	Diapositiva numero 43
	Diapositiva numero 44

