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A Entericmethaneproduction

A Factorsnvolved

A Nutrition solutionsto mitigate
A Tradeoffsto consider

A Methodsto quantify
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Animal factorsinvolved

Low CH, yield sheep High CH, yield sheep

VFAs absorbed and used by the VFAs absorbed and used by the
animal animal

More propionate, butyrate Volatile fatty acids More acetate
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Dietary factors most impact

Acetic acli
Butyric aci
Propionic aci
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Nutritional measureso mitigate enteric CH,

A Dietarymeasureghat mitigate per unit of feed
A Higherfeed intake /higherrate of fermentation
A Increasedligestibility/ higherfeed conversion
A Starchinsteadof fibre

A Rumenbypass / escapedducingfermentableOM)
A Protein
A Starch
A Fat

A Additivesasdietarymeasures
A Hydrogensink(nitrate)
A Specifidatty acids/ fat
A Methanogeninhibitors
A Plantextracts secondarymetabolites .....




How to quantify CH(and its tradeoffs)

National Observational data Farm

Inventory Q > Accounting
Equations / models Specific

Average

1. Empirical equations from databases

2. Mechanistic models representing the process of enteric
fermentation (concentrationdependency of the process !)

3. W @oNARQ YSiK2Ra 9odddd Y

A Which equation/model to use depends on:
A The database available / empirical base that is preferred
A 5SUFAft 2F AYyaGSNBald k UKS YS

A Ease of application (input data)
A Preference / experience
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QuantifyingCH, (1) empiricalmodels

A Aglobaldatabase ofndividualcow entericCH, data
(Niu et al., 2018; FACQABI Global Network projgct

A CH yield (g/kg DMI) best predicted by milk & diet composition

d

Model development Model performance
RMSPE,
Equation Category Prediction equation® n® Region® % CCC
(38) Diet Com_C 15.4 (0.76) — 0.354 (0.0756) = EE + 0.173 2,667 Intercontinental 17.0 0.38
us 20.0 0.13
(41) ECM + Com_C 21.1 (0.77) — 0.105 (0.0081) x ECM + 1.30 3,384 Intercontinental 16.5 0.42
(0.077) x MF — 0.952 (0.1667) x MP EU 15.1 0.30
us 191 0.21
(42) Animal_no DMI_C 154 (1.08) — 0.291 (0.0733) = EE + 0.144 2566 Intercontinental 16.1 0.49
(0.0094) » ECM + 1.34 (0.087) x MF — 1.12
(0.187) x MP + 0.00330 (0.000729) x BW US 187 030
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QuantifyingCH, (1) empiricalmodels
A e.g.Lowforage(<18% DM) diets database bexittle

(Van Lingen et al., 2019; FACGIFE Global Network project)

A NDF or ERddto predictionnextto DM intake (or GE intake)
A CH, production equationsdiffer from IPCC Tier 2 (2006)

Model development Model performance

Category” Prediction equation n'  (Sub)set’ p°  RMSPE CCC
%

DMI + NDF_C 112 (47) + 9.46 (1.79) x DMI - 2.58 (1.72) x NDF 139 Luwer—fura_:-::e 139 29.3 0.25

DMI + EEC 57.0 (18.1) + 8.84 (1.74) x DMI -1.17 (2.03) x EE 110 Lower-forage 110 241 0.26

GLOBAL NETWORK Tier 2 [0.045 (0.002) x GEI] / 0.05565 139 Lower-forage 139 279 0.39

Lowerforage’! 101 252  0.41
IPCC Tier 2 (2006) (0.030 x GEI) / 0.05565 - Lowerforage’ 139 421  0.17

Lower-forage” Lower-forage’! 101 39.0 0.16

“ IPCC = Intergovernmental Panel on Climate Change.
4 Performance was evaluated, not cross-validated.
* No independent evaluation.

Contents lists available at ScienceDirect

I A subset containing <10% forage records onlv was used

Agriculture, Ecosystems and Environment

(as recommended by the IPCC, 2006). e BN
journa | homepage: www.elsevier.com/locate/agee
LIVESTOCK RESEARCH
WAGENINGEN [NEH Prediction of enteric methane production, yield and intensity of beef cattle = M)
using an intercontinental database s

Henk J van Lingen™* Mutian Niu™" Ermias Kebreab® Sebastiio C. Valadares Filhot



QuantifyingCH, & trade-offs (1) empiricalmodels
A (Global) treatment means database

A Mitigation by starch(STA) &ipid (EEsupplementation
(Benaoudeaet al., 2021 preliminaryresultsERAGAEEDERS project)

Animal category * Dairy cow * Goat = Growing cattle Sheep
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Quantifyingtrade-offs (1) empiricalmodels

A Meta-analysiBenaoudaet al. (2021)
(preliminaryresultsERAGAESEDERS project pelds(g/kg DMI) )

Studies with lipid Simple = Only EE varies (>1.5% DM)
supplementation Complex= EE & other nutrients vary
Name Model n RM:PE cce
1]
Simple CH4 | CH4 yield = 25.0 (0.84) -0.08 (0.01) x EE 147 | 244 | 0,18
Complex CH4 | CH4 yield =29.9 (1.47) — 2.34 (0.50) x FL. -0.08 (0.01) x EE 193 24,3 0,35
Simple FOM | FOM vyield = 267 (7.26)+0.57 (0.18) x EE 99 | 17,0 | 0,01

FOM yield = 349 (18.7)+0.42 (0.03) x NDF — 394 (31.1) x

Complex FOM | NDFD 85 11,9 0,85

Simple TN TN yield = 17.2 (0.56) -0.01 (0.01) x EE 51 10,5 | -0,06
Complex TN | TN yield = 1.88 (2.57) -1.78 (0.69) x FL + 0.14 (0.01) x CP 51 18.3 0,77
Simple FN FN yield = 8.65 (0.25) - 0.006 (0.003) x EE 51 13,5 | -0,03

Complex FN | FN yield = 4.01 (0.85) +0.03 (0.004) x CP -0.003 (0.001) x STA | 51 9,16 0,72

Simple UN UN yield = 8.78 (0.64) -0.005 (0.007) x EE 51| 227 | -0,04

Complex UN | UN yield = -5.59 (2.51) -0.01 (0.004) x BW +0.12 (0.01) x CP 51 32,8 0,70
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Quantifyingtrade-offs (1) empiricalmodels

A Meta-analysiBenaoudaet al. (2021)
(preliminaryresultsERAGASEDERS project pelds(g/kg DMI) )

Studieswith starch Simple =0OnlySTAvaries(>8% DM)
supplementation Complex= STA &ther nutrientsvary
Name Model n | RMSPE % | CCC
SimpleCH4 | CH4 yield =25,5 (0.91) 0.022 (0.003) STA 97 24,2 0,09
ComplexCH4 | CH4 yield = 30.8 (1.62) 3.25 (0.51) ¥L -0.01 (0.003) 5STA | 92 19,4 0,55
Simple FOM | FOM yield =278 (22.7)-3.72(1.76) xSTA 81 18,7 0,17
Complex FOM Elgll\:/lDyiegjj; (207;3()13&31 +0.37 (0.04) NDF 7 311 (25.8) % 3.34 0.86
Simple TN TN yield =188 (1.18 - 0.01 (0.0@) x STA 27 19,0 0,04
Complex TN | TN yield =-3.37 (1.38) + 0.04 (0.01) RCO + 0.12 (0.01) >CP | 32 7,18 0,92
Simple FN FN yield = 9.37 (0.32) 0.004 (0.001) STA 51 13,5 0,07
Complex FN §¥Ayield =7.30(0.35) +005 (0.01) x PCO -0.065 (0.0®) x| ., 128 0.49
Simple UN UN yield = 9.35 (0.78)0.003 (0.002) STA 42 346 |-001
Complex UN | UNyield=-9.17 (1.51) + 0.12 (0.01) QP 28 23,4 0,80
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QuantifyingCH, (2) mechanisticmodels

A Representing elements of the fermentation process
A Substrate supply by feed (& recycling N from blood)

A Feed substrate characteristics
A Microbial activity
A Rumen fermentation condition@cidity, passage rate, volume)

A Dietary factors & feed intake as input

Dietary factors
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Example, simulation grass quality & CH,
-- Impact of maturity & N fertilisation --

s
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EC/LC = Early/Late cut
HF/LF = High/Low N fertilization

GS Grasssilage
Journal of Agricultural Science (2010), 148, 55-72. © Cambridge University Press 2009
doi:10.1017/S0021859609990499

MODELLING ANIMAL SYSTEMS PAPER
Simulating the effects of grassland management and
grass ensiling on methane emission from lactating cows
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