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A FIRHER R R A RE(BF TR
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& &AM R A ) (2007) F A A4, 4k
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1.1 Blaxter f&&!
FfE 1962 4, 3% [F Hannah BF 5% fT 119 Blax-
e PRI 0 4R 5 0 E 2 4 S 1 T s HE
P33 DL AR
FEARRE HORL ) T 2 BB (keal /100 keal HAR) =
4.28 +0.059D;
WURLEL H AR A H 2 B (keal /100 keal H M) =
6.05 +0.020D,
KD s Frae &K NI HIR T
AL %51 keal =4. 184 KJ,
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FAkERE(MI/d) =3.41 +0.51NFC +
1.74HC +2.65C,

X NFC AR £ ek b &9 (keg/d) s HC

NHLAYER (kg/d) s C ML 4ER (kg/d) s NFC R
P~ NFC(% ) =100 — CHLE 1 50 + HLIE W +
R RV RES AR DR s AT
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Table 1 Estimation of methane emission of the principal natural and anthropogenic global methane sources'*! Tg/a

Fe iR Hei & P/ Hei & P/ Hei &
Sources Emission Sources Emission Sources Emission
KK Nature R/ K FY) Energy/refuse 4l Agriculture

1B HL Wetland 115 PR F14 7 Gas and oil 50 JKFF Rice 60
%7 Ocean 15 it Coal 40 %% Livestock 30
i Termites 20 K% Charcoal 10 JEEAE Manure 10
J9k4% Burning 10 E Hh Landfills 30 Jk4% Burning 5

&7k Wastewater 25
41t Total 160 41t Total 155 41t Total 155

1 Tg =100 73 t=1 million metric tons,

1.3 Molly f&#

3¢ [ i M K 2% Davis H1.00 i) Kebreab %)
T AR B e HE A S A T B, DL
M S BEA 9 5 R 1 I R A S TR U g
1.4 ;5E INRA &3

12 B 4 B} B (Institut National de la Recherche
Agronomique, INRA) [fJ Vermorel 2% $5 t fif
Bt HE AL I 7k R AR A 2k B ( fe 4 sh 8 o
¢ 5= A1k £ ) ( Ruminant nutrition; recommended
allowances and feed tables, 1989 ) fif 3% F ) ¥ BE {4
Y s e RE B, SR AU RE (ME) 45 5 AR
FBE Y H e HE A AR

42 1 F 5B (MU/d) =8. 25 +0. 07 ( ME,MJ) ,
R*=0.55,n=20;
A= BERE (MI/d) =0.38 +
0.123( ME,MJ) ,R* =0. 64,

1.5 IPCC &%

B JRF [R] =A% A% Ak 22 51 4> ( Intergovernmental
Panel for Climate Change, IPCC) "' {1y Bl e fdi Il J7
PR R TE T A8 N R B3 8 3 A K P AT A
W, AR GE [MI/(k - d) ] EA5 I e 9 HE
it o X AR KPR 4, B B AR & GE
1(6.5+1.0) % ; XIEF W4, P heHkik & GE
(3.0£1.0) %, mRhEE AR AR Y,
H % & o2, & 7 04 F %™ 0 &k
8 400 kg/ (3% - a) , HHGEHEIEM121 kg/ (3K - a)
AEE A B e HE i R R 53 kg/ (k- a) . FHEE

i GE Li15E e ki, &t T GE fE1H LB 1)
TH A 378 S AR R 3 Jl iR 2% o
1.6 HERIWKFER

A [ 4l K 2% ( China Agricultural University ,
CAU) LABUAF: 18 4= il ge sh i, R 4 T 7 il g
B, FIR B B 45 0 W AR 2% R 2 0 E T A ] H
MLLE S AL Y H e R R . TR E
SEAEIR R A R v AR W B, WO B T R A
LY 5L (FOM) 5 B b HE il it 52 35 AH O 1.
Hb, PR FOM & (W5 4 18 77 24 0 i) BL 8 40 )
(2007 ) Hr 5] HY i B 5240, i RE F B O i b
1119 FOM AR A Ay 0 FY J6 HlF 7ise 2 1) i, 1EL PR o 1
T 5298 1 AT R I TP VR R AT A/ ] R BE A AL
J57 Lt ( FNDE/FOM ) 5§, 4 35t % 21 4t/ A Bl ) ot
L {H (NDE/OM) [ 52 M, 5075t AR B A

H g2 HE i 5 (L/FOM, kg ) = 60. 456 2 +
0.296 7(FNDF/FOM ,% ) ,R=0.984 2 ,n =8

(1)

A o H MW FNDF/FOM 7 3% 15 [ K
21.54% ~91.06% , 345 H AR 098 BB} LL (B3 [
(0:100) ~ (75:25) KoM RHAAS RN T 405 sn N
8 Fh H ML, X 8 B H MR Y Wk o X HE R
(81.13 £8.96) (L/FOM, kg).

i/ FNDF/FOM Z: 40, 7R A] 1 LA R B Y
Ak -

gz HE i 5 (L/FOM, kg) = 48. 129 0 +
0.535 2(NDF/OM,% ) ,R=0.967 5,n=8 (2)
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DR F o 2 A 431 Ak 3 HP R T A = A Y
ANTR) R A I 00 2 300 52 Y o B/ DE S35y
(11.71 £1.60) % . 1 DE J& 15 57 5 e H 5 51 /)
S, % A . W ki RE/DE 5 FNDF/FOM &
DE/GE 25 AH ¢, 15 5 DL A .

Hi ke /DE(% ) =8.680 4 +0.037 3( FNDF/

FOM,% ) ,R=0.9845,n=8 (3)
ik HE/DE (% ) =17.343 7 —0. 108 6 ( DE/
GE,%),R=-0.9363,n=8 (4)

W DE/GE B0~ 49.03% ~74.3% ,

X 23 Ff AN [R] HORR 8 P 1R 0 R = 0 S T e
fiE/DE f-F- 2 {EH R (11. 71 £1.60) % . BARE
2 (14 P b R R IR 0 0 A R I E  (H X
2P R AR 1) P e A U0 R P Y e HR RS L R AT
I o S A 0 F D7 fB  ofE  E AL , xoF R R B Y
B ] 5 R SR AR UE A SRR I o

2 RENEMESFHEHERER G

i b E 3 ol AR %) (2010) 12 gEt, 2000 4F
FEFAED5E 1 260.3 T13k (A4 5 918.8 T3k &4
2631.5 J73k JE4917.0 Ji 3k BLAH LR EK
My A AR 43 531 6 % 4 28 A 1 Y e HE ik i AT
Al
2.1 D4HBEHRE R A

PRUFE A 45 A A 45 A7 05 48 A AR K 4, AR S
Xof H e HE S 0 AT T AR AR AR AR AR
Fe iR ST 93.331 4 U7 t,

2.1. 1 BUFE A B e HE s 00 Al D

t F (A8 SR T B R 4 ) (2007 ) 2R A
SR W RE AR 22, T 7 W5 1 e D1 o 1Y) it 2 T
fLRE , Tk W 51 GE il DE SO (A 3 4
{4 FE o 8 8 1 A 00 3 R I 3 e ) R Al R 2 A
A, 2009 4EFR E AR5 4R 1 260. 3 J7 3k, Hidag
SEWIA2) S AERE R 60% R 756. 2 T1 ko WUAF
Pyt 7 S 4R 72 I & 4 804. 6 kg, H V-1 U &
13.16 kg'"'

R 4 3 [ 45 28 ) #5600 kg {4 T 5 4 4
FiiT 2L 43. 10 MINEL ( 7§37t fig ) , NEL/DE % °f-
PIE 0.56 118, ] 43.1/0.56 =76.96 MIDE''*' ;
H ™ 44 13. 16 kg 75 % 38. 56 MINEL, M|
38.56/0.56 = 68. 86 MIDE, #f 4 M & 3k
145.82 MIDE/(3k - d) . H & K5 k- M & =
50:50, ] DE/GE -3k 67.36% ', I b [ 4&

b K2R (4) T

i fefg/DE =17. 343 7 —0.108 6 X 67.36% =
10. 03% ; H %2 fig = 145. 82 MIDE/(3k -d) x
0.1003=14.63 MI/(k - d), H 1 L H 4=
39.75 kI =0. 716 82 ¢, i W %t He ik & =
14.63 [MJ/(3k - d)1/0.039 75 MJ =368 L/ (3k - d) ;
FeHE i =368 L/( 3k - d) x0.000 716 82 kg =
0. 263 8 kg/( 3k - d); H ki H ik & =
0.263 8 kg/(3k - d) x365 d =96.29 kg/ (3K - a) ;i
AR AR S B e HE R =0..096 29 v/ (3L - a) x
756.2 Ji3k =72.814 5 Jj t/a,
2.1.2 AR B e HE R A A

e KA A Sk BUR AE AL WG 4 1 260. 3 J7 3k 1)
40% FE WA 504, 1 7 ko BTG TR
[l 1A T 11 Sk B, e S 1A R 250 kg P34 H
700 g fli B, B W T U ¥ BE 34. 56 MIJ, 5§
61.71 MIDE ¥k Lkl =50:50, JI] DE/GE -4
{E R 67.36% , i v E Al K2 A5 T 58 (4) T8
HkzfE/DE 4y 10. 03% ; H 4 fiE =61. 71 MIDE x
0.100 3 =6. 19 MI/(3k - d); H ke il & =
156 L/(3% - d) =0. 111 6 kg/( 3%k - d) =
40.73 kg/ (3K - a) 5 A K5 A4 Sk BCH e HE K
F=0.040 7 /(% - a) x504. 1 Jj 3k =
20.516 9 Jj t/a,
2.2 HEREHMER N

2009 4ELFRE A 24 5 918.8 J7 3k Hiv il %
B4 Rk K IR E F & W S50% fh B, BN
2959.4 Jiko P4 RSk B g HE A I A
283.987 7 Jj ta,
2.2. 1 3F SRR e HE R A

¥y ik HE OH 450 kg, 4E R oW OE

34.73 MINEL/ (3L - d) 562.02 MIDE/(3k - d),
I 7L 75 7.85 MI/(3k « d) B;14.02 MIDE/(3k - d),
M 4t 7 342,58 MINEL/ (3L - d), X Kl X% F
76.04 MIDE/ (3k - d) ™', ¢ T ML kA0 i 4
22 H (5 H R B ) %8 %, i DE/GE 7 ¥ {H K
57% o FAH EARM KA (4) TR, 4ER5 10
e HECR . H ki AE/DE =17. 343 7 —0. 108 6 x
57% =11.15% ; H kifig =62. 02 MIDE/(3k - d) x
0.1115=6.9152 MJI/(k - d); ¥ % HF i &
174 L/( % - d) =0.1247keg/( %k - d)
45.52 kg/(3k - a),

WL P BEHEGE 4 0.152 7 kg/ (3% - d)
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SLBE B R R T0% 3HE, B2 071.6 7 3k, K
ASRECH G HE R 115,461 7 U7 vas R FLEE
4y Ky 887. 82 U7 Sk, MWkt HE B B K
45.52 kg/(3k ~a), &k BH % HE L& M
40.413 6 J7 Va, A4 il Rk Sk BOP B ek
= =115.461 7 JF t/a +40. 413 6 J7 t/a =
155.875 3 J7 t/a,
2.2.2 ARKNEFH B LEHERCE /Al

ARNEE A4 #HF ¥ RE 250 kg, HH#EH600 g,
TLEAEE 26. 44 MI/ (3K - )RR BRI 1K
BB X 4435 F0 04 T 1 27 & 308 (Kmf ) SE3 8 0..45,
DE =26.44 MJ/ (3% - d)/0.45=58.76 MJ/(3k - d),
H ¥ DE/GE “FX{E R 57% , HH B 4Rl K 2455 8
(4) 3 5. B % BE/DE 4 11.19% ; H %t g =
58.76 MJ/(3k -+ d) x0.111 9 =6.57 MJ/(3k - d);
BBt HE it & = 165. 57 L/(k - d) =
0.1186 kg/(3k -d) =43. 29 kg/(3k - a) =
0.043 29 /(3% « a); E KB H 4 20 15 B A 4 10
50% ,°k 2 959. 4 J7 3k, HR Sk B e HE R R
128.112 4 7 t/a,
2.3 REREHREHNGHL

2009 4EFR A 2 631.5 J13k L SEHA
& 300 kg, & & 294 kg/km''® ) i & & ME
52.93 MI/d"" 1 4 F 64. 55 DEMJ, F b E 4
AP K2R (4) 158 BERE/DE Ry 11.19% 5 e
HE =64.55 DEMJ x0.111 9 =7.22 MI/(3k - d) ; H k2
Hie i =182 L/(3k - d) =0.136 5kg/(3k - d) =
49.82 kg/( 3k - a); H S Sk EH B HE il E R
131.107 9 Jj t/a,
2.4 FEHEBPEHREHGEN

2009 4EF A HEA4 917. 0 J1 kL HE i I
Bait, ER A & 34% KA 32% 8 1@ A
5 34% T gEFRDT R U T R B
H Be kA 33.381 1 7 tVa,
2.4.1 I SEREEE A F s HE B A Al

16 ERER A 311.8 73k, IR 256 kg,
HE S 0 5 kg™, s 1 4y 5 114 9 Ak i
510 MJ/kg,}FllJ: Hit& DE =5 kg x10 Ml/kg =
50 MJ; H e fiE/DE 2 11.19% , 0] - B e HE il it =
50 MJ x 0. 111 9 =5. 60 MI/( 3k - d) =
140.88 L/(3k -d) = 0. 101 kg/( 3%k - d) =
36.865 kg/(k - a); H B3k £ W b HE ik & =
0.036 86 t/(3k - a) x311.8 J7=k =11.492 9 Jj t/a,

2.4.2 AR R AR B e HE R R A A5 U

BCAE 2N W FE AR A 3118 Tk, F iR E
408 kg, H BEE R T 915 6 kg™, 4o T ¥y o 4
DE 2y 10 MJ/kg, Il [ #££r DE =6 kg x 10 MJ/kg =
60 MJ; H fe58/DE =11. 19% , W . H B¢ HE ik & =
60 MIx 0. 111 9 = 6. 714 MI/( %k - d) =
168.91 L/(3% - d) =0. 121 kg/( 3% « d) =
44.165 kg/ (K - a) ; BUFA W FE A4 Bk H0H Le HE
W =0.044 17 /(% + a) x311. 8 3k =
13.772 2 Jj Va,
2.4.3  ARKIFEAH e HERE P45

HERIEAA 2934 7 3k PR 145 kg,
HoE s T 9% 2. 7 kg™ Uk T4 IR (1 DE
10 MI/kg, . H #E£r DE =2. 7 kg x 10 MJ/kg =
27 MJ/3k ;s H %€ BE/DE = 11. 19% , M| . HH ¢ HE 7L
=27 MJ/3k x0.1119=4.140 3 MI/ (3L - d) =
104.16 L/(3 - d) =0.074 7 kg/(3k + d) =
27.265 5 kg/ (K - a) s AR AR B BT Le HEk
B =0.027 66 /(3 - a) x 293. 44 J7 3k =
8.116 7 t/a.
2.5 RESFREHEMEMNHTCS

X% [ 2009 4 4= B g HE I 09 A7 0 2E 4730
AR 2,

3 HHREHIMEHRMHOERIMEER

2 2 RO B SR A K B B i B R B BE S
2007 AL E A AERL 2 051, 4 J7 Sk (O 375 4
A ), P T4 379.9 3k, &
20.2% , 1 & F BAE 05 2R Sk B A Bk B
T% o PR A A KRS 2 54 Bk
(19 78. 5% , T [ P 4 o 4 A Sk B 55.2% . [
I, vk E 4 F & i ME 5% DE 4 &, i3 20k B
AL BE Al W S AF AL AR ke o7 5 HE ik & ol
68.1 kg/ (3k - a) , i TR EMEMK50.5 kg/ (3k - a)
(%£3),

3R 7 W5 4R 07 2 7 0 AR, i H R
& DE X F ik E 4 % H Mt & 5 DE, ff F g HE
B AR . HIRE =I5 20 kg/(3k - d)
A FH AR 13,5 kg, 8 B KR 40%
fli%, ) FOM 8 5.4 kg/ (3% - d) o f&rpE Al K
R E A R g I B ) B e g R
81.13 (L/FOM,kg) i 5" B 4 i HE ik & =
54kg/(3k-d) x 8. 13 (L/FOM, kg ) =
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438L/(k-d) = 0. 314 kg/(k - d) = AN ) AR KRB 2R H B HE i 7k AR 22 B Al
114.6 kg/ (3k - a) G%Ah M 25 5 5 3 W R E B pofh DIASAEL, 4351 43.3 F143.0 kg/(3k - ),
MEEH 17,7 kg/ (k- a) KAWL pEgR LK

F2 2009 FRESRIRHMEMGNTCE
Table 2 Emission of methane by cattle in China in 2009

. S H ke HE & Emission of methane

i Total number/ b AR HBAEHECR
T3k Day emission/ (kg/3k) Year emission/ (kg/3k) Total emission/Jj t

JAEY5 4 Dairy cow 756. 2 0.263 8 96. 290 72.814 5

H: K44 Dairy heifer 504. 1 0.111 6 40. 730 20.516 9

44 Beef cattle” 5918.8 0.122 0 47.980 283.987 7

1% Draught cattle 2631.5 0.136 5 49. 820 131.107 9

¥4 Yak 917.0 0.099 7 36.370 33.381 1

SE{E Mean value 0.138 4 50.516

41t Total 10 727.6 541.808 1

TS A A KAEE 45 . Including beef cows and growing finishing beef cattle.

®3 RESEE4PRAMESNMLER

Table 3 Comparison of the estimation for methane emission by cattle between China and France

JiH ltems HEA R CAUSD R ARG INRA'
AW A H e HEiC i Methane emission of dairy cows

Py Milk yield/[ kg/(3k - d) ] 13.16 17.26

H flji i Day emission/ (kg/3k ) 0.263 8 0.322 5
AEHEj I Year emission/ (kg/3k) 96. 287 117.700
BT 5057 H 45t & Methane emission per kg milk/ ( kg/kg milk) 0.020 00 0.018 68
Az K54 B B HE i Methane emission of dairy heifers

H HEjik & Day emission/ (kg/3k) 0.111 6 0.114 8
AEHECRE Year emission/ (kg/3k) 40.73 41.90

H: K AEE 4 H ke HE B Methane emission of growing finishing cattle

H HFjii i Day emission/ (kg/3k) 0.118 6 0.117 8
AFEHFCE Year emission/ (kg/3k) 43.3 43.0

A 2F 4 P 52 fll i i Methane emission by total cattle

AESEHHERCE: Mean of year emission/ (kg/3k) 50.5 68.1
3L %L Total number/ J7 3k 10 727.6 2 051.4

L ECAEHE R Total emission/ 7 t° 541.8 127.7

AR A A 7R, Exclude veal calves.

05 KA M A £ 5 L 19 Beauchemin 4 14.5 kg/(3k - d) ATy 590 ke H T4 F itk
SEUIXE 16 Sk ORI ST T 4 B ERIY RURA 16.8 ke 135 A G HERCR A, 45
e BB B, 72 TR R (619.0 = K278 ¢/ (3k + )" IR 54 3 MLE AL
2.9) kg AW (23.70 £0.39) keg/(3k - d) . H
BT R (18.30 £0.54) ke  HIRAHLY 4 BINEREAREMNES
TR 64. 3% ~52.0% (AN T, HEHECR 4.1 BokHamiE:

Wy 203 ~241 ¢/ (3 - ), 533 hop E AR K i 1 K A 0 7R o e 2
FIE A B 00 0 BB A L. P00 gy CO, i H, FF AR, Bk Ak 2 B fes B b %
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S

T 7 A A TR R, 0 T ER PN B R A A 4 R PR B
il2 (VFA) \H, & CO,, e iz F
2 WEAER +2H,0— 4% +2CO, +2H, +2ATP;
2 NEAfE +8[ H] —2 IR +2H,0 + 2ATP;
2 AMHER +4[ H]—> TR +2H, +2CO, + ATP;
CO, +4H,—CH, +2H,0 + ATP,

AR IR A A VEA LA R e = A=
I, (HRCRI AL B3 15 Y 32 R SR SUR 4 OB Y
ST A 7 A T A N RO B T R AT AA
WA B K T 7= A 1 S A R i 2 Ak ok FR e, T 2
W TR v S A AN TR N R D R 9 V1 R ) R At %
FEIHFERY A, IR A il TR Be 1 7= 2

M E 3R g AT L, 2 R B 7 AR VA i g
1R L8] 952 v BsF, AR N 1) & e N ¢ v, DT ol FH 6 1)
PR NI I, B, NIR 5 R L2 Y
i) R 66 7 AR s I FL S R o RHY NDF 7E58 B &
TE2s Pt 1 TR 5 N R 1Y L o, il 5 B0 A=
W e, P, b B Ak R 2 F I ) =
P AR B B HE R, G 45 R A5 1 T FNDE/
FOM FIH £ (L/FOM) = FEAH XE (R =0. 984 2) 11y
MR (L) .
4.2 fERMI

oy T U 10 KL ) e 25 BRI e - A L (B
204 GR-F ] ML i, 33 ol AR 0 0 R I S B 0 o B
RN Pt U I S B o
FERTANE (45K 7.5.15.0 F135.0 mm) Fl
KB iy CH,/FOM A [d] ( 43 %1 2} 88.93 .86. 90 .
88.14F188.03 L/kg) ',

H T i VE A DR B R TR AR =, AR
H FOM (1 H e 7 A i I, AELAE AN 52 10 %o A A )
HBEREAYIE O T, e e %t A R4, AT Sk 398 1 T
AR W AR E v K T T 22 9 BE M AE /N
W iE AL, DAREAR B be 7 Ak i R 4R s e i R AL
4.3 RMAERE
XoF 524 S IS A G 7 R % =t v
SRR ey e A L R R R B A
WimR I L S AL ke .
4.4 FMBFHE

TR TR 2R A R e R Y S A
CL AT VR ) Y 68 7 A2 B S IRl o BB 9 3R W L
Pt e 7 A 0 RO SR B Y, 7R 2 JR N IR R
A B e e A

(B Wi
T A g

/

4.5 BRESHEANENHRRFEE
A= T8 4E H 1) SOk T A A B HE R, R E
600 kg 4 1y 4k £ W ke fF ik = A5 W A
7.29 MI/ (3% - d) , RWIEE T 5 W 1 TR e HE
et i % 4 R TR B DRI, B SO e
i I8 45 0 A R T R AR T v W5 Y FR e HE T
o HET, IR E YA 0T X 7 U B, T B R
P REARAEAE S B IR 2 A D iy PR o 1 i & 77
W, B 1316 kg B9 954+ W e R i
0.265 8 kg/(k - d) , HAE™ 1 kg §5 19 F e HE ik
W 19.2 g HHPYIRN 20 kg B, W47 1 kg
TP A g F e A 15. 7 gL I, 3R R
(14 AL 77 2 TR AL ™ 0 1 Y s R, 3k 2 R AR
) BE DR HE S it . B AT, 3R E 5 AR 0007 B R
I, B2 B A AR IO T, 3 A AL RE 4 w1l BLH % 4k
RO [ s REREATG ™ 473 1y Y ot HlE ik 82
4.6 FEFELIE

A= HEE ) 2 AT S A R R A LY B, H
Tl KAk G Wk 2 k2 & I i HE R e . TR IE
FEAE) VAR A & I A T ISR T SRR AR AT
BRRE DO T e R HER, 381 4 T KRR
JRE T A I P 5 2 ) P P PR R R A i R 4

S 3UHf
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Estimation of Methane Emissions by Cattle in China

FENG Yanglian LI Shengli ZHAO Guangyong ZHANG Xiaoming MO Fang HAN lJifu

( State Key Laboratory of Animal Nutrition, College of Animal Science and Technology
China Agricultural University, Beijing 100193, China)

Abstract; The assessment of methane emissions by cattle were generally for the study of energy metabolism,
but the methane is one of the major sources of anthropogenic greenhouse gas emission in the world and we
should pay more attention to estimate the methane emissions with the models by former research results of ener-
gy metabolism in cattle with different diets using automated respiration large chambers sited in China Agricul-
tural University ( CAU). The required parameters for calculation could be searching in nutritional allowances
and feed composition for dairy cattle (2007 ). Methane emissions have been assessed using the CAU model.
The emission averaged 92. 29 kg CH,/cow/year with lower milk yield, but the emission of the higher yielding
herd with 20 kg milk/cow/day was 114. 6 kg CH,/cow/year. The methane emissions of draught cattle and
yaks were also assessed by the CAU models. [ Chinese Journal of Animal Nutrition, 2012, 24(1) :1-7 ]
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