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Spatial variation and analysis of carbon and nitrogen
footprints during farmland production of pig feed ingredients
in China

LV Peiying, REN Hongyang, WANG Hongliang”
(College of Resources and Environment/National Institute for Green Agricultural Development, China Agricultural
University, Beijing 100193, China)

Abstract In order to explore the spatial variation of carbon and nitrogen footprints of China’ s pig feed
ingredients in farmland production and the strategy of carbon and nitrogen footprints reduction, this study
adopted the life cycle assessment method to systematically analyze the carbon and nitrogen emission
characteristics of nine feed ingredient crops such as maize, wheat, rice, soybean, peanut, oilseed rape,
cotton, sugarcane and sugar beet produced in different provinces in China. The farmland carbon and
nitrogen footprints reduction and feed utilization strategies were prospected in the end. The results showed
that: 1) The carbon and nitrogen footprints of maize production displayed a spatial variation of ‘higher in
northwest and southern coastal areas, lower in northeast and central areas’ pattern; The carbon and

nitrogen footprints of wheat production were mainly concentrated in northwest areas; The carbon and
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nitrogen footprints of rice production in northwest and southern coastal areas were higher than that in
northeast and central areas; The carbon and nitrogen footprints of soybean production in North China and
peanut production in southern areas were also higher; The carbon and nitrogen footprints of oilseed rape
production were mainly concentrated in the northwest and southern coastal areas, and that of cotton
production in northwest and southern areas were significantly higher than that in other areas; The carbon
and nitrogen footprints of sugarcane production in Guangdong were higher; Hebei had the highest carbon
and nitrogen footprints in sugar beet production. 2) The carbon footprint of farmland production of feed
ingredients mainly came from agricultural inputs (20.73%-60.77%) , followed by field fertilizer application
(13.38%-42.43%) ; the nitrogen footprint mainly came from NH; volatilization caused by field fertilizer
application (45.60%-77.13%) ,

farmland management optimization countermeasures such as fertilizer reduction, etc.

nitrogen leaching and runoff losses (12.86%-48.91%). In conclusion,
can effectively
reduce the carbon and nitrogen footprints of feed ingredient crops, and it is recommended to give priority to

the use of low-emission regional feed ingredient crops in livestock production to reduce the environmental

2024 4F 55 29 %

cost of animal husbandry.

Keywords feed ingredient crops; carbon footprint; nitrogen footprint; life cycle assessment
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Fig. 1 Carbon and nitrogen footprints system boundary of feed ingredients farmland production
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F1 FERFRAMBREEHESEPOBRIERETF

Table 1 Carbon and nitrogen emission factors in agricultural inputs and energy consumption processes

Wi B = AMHE B AL T AU HE T A R AL W HE T A
Item F/(kg/kg) ¥/ (g/kg) +/(g/kg)
Greenhouse gas emission factor N,O emission factor NO, emission factor
Z N Nitrogen fertilizer 8.300 0.09 13.47
I8 Phosphate fertilizer 2.550 0.01 2.16
L Potassium fertilizer 0. 840 0.02 2.90
2 IR JIE Compound fertilizer 2.470 0.03 4.49
KB Agricultural film 22.720 0.19 15.10
A% 24 Pesticide 18. 000 0.18 14. 30
F KA F Maize seed 3. 850 — —
/NZZ FF Wheat seed 0. 400 — —
K& Soybean seed 3.880 — —
A6 4 Fl 7 Peanut seed 2.750 — —
W3 FhF Rapeseed 2.160 — —
JK FE AP F Rice seed 1. 900 — —
Hii 4E Fl F Cotton seed 0. 050 — —
H ¥ Sugarcane 0.001 — —
it 2 Ff F Sugar beet seed 2.540 — —
I Coal 1. 980 — 2.28
4E9H Diesel 3. 160 — 9.43

T B0 TR T X 25 5 B 52 A1 Ecoinvent 3 8 1% .

Note: Datas are adapted from Liu Pan’ s research and Ecoinvent 3 database.

F2 KEHMELIBEESEMEEERASH

Table 2 Parameters of greenhouse gas and reactive nitrogen loss during farmland planting

Tt H ol
Item Value
A H i = S ARG 280 Greenhouse gas loss parameters
AE BTt F CO, HE ik / (kg/kg) Chemical fertilizer CO, emissions 0.20
A A i FH NLO HEJif / (kg/kg )N, O direct emissions 0.01
KA A VUK N,O HE/ (kg/kg)N,O indirect emissions 0.01
RV AR I NLO HE ik / (kg/kg) N,O indirect emissions 0.01
A5 M CH, HEjik / (kg/ Chm?*+d) ) Rice field CH, emissions 0.63
A BTG RS AR B K 2% Reactive nitrogen loss parameters
AB NE Jits F NH, 4% % / % Chemical fertilizer NH, losses 25.00
FERLHE T NH, 4% % / % Manure NH; losses 25.00
ABNE Tt FH NLO 1 2% /% Chemical fertilizer N,O losses 0. 86
FENE Tt T NLO $1 %k / % Manure N,O losses 1.00
AB ME JitE F NO, 5t 2% / % Chemical fertilizer NO, losses 10. 00
i Nk /% Runoff N losses 9. 60
{20l N 12 /% Erosion N losses 0. 30
WV N 128 /% Leaching N losses 18. 80

B R TR T X ZE A A 5T I NUFER #5575

Note: Datas are adapted from Liu Pan’ s research and NUFER model.
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Fig. 2 Spatial distribution of carbon footprint per unit yield of different crops
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Fig. 4 Carbon footprint ratios of agricultural inputs, energy consumption and farmland planting
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Fig. 5 Analysis of carbon footprint emission sources of different feed ingredient crops
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Fig. 6 Nitrogen footprint ratios of agricultural inputs, energy consumption and farmland planting
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Fig. 7 Analysis of nitrogen footprint emission sources of different feed ingredient crops

2.2.3  ZAFRBAE M B BB E RGP 5 AT

SCHR A B | S b R B R TR R LCA B9
AR BB FIAR E S H0W R E 5k . RS,
2B AT Ol S B = R e HE R R AR Hb Ak BT
FR R0 o A SR, IR BE CRUIE VIR AR A B
S A 7 ANE it B AN B IS T FE Y IR R NI
RHE R 2R 4 B E 44, oK % 8 X 2 [ 22
5o UL, BT BB 5 BOA W 5 10 5 SR AF AR N B E M
MG 25 B ok T, U0 Az 7= R Ak T it FH B 15 2 128 A
e ACHE R R . B, 8 2 R E A AT AR
A o g CHE R CRUIE AR 7= RIR IR A 7= AR AR
it NH. 4% % A6 ARt B NLO #5348 ) 6 28 Ak X 28437
AR A 7 B R I S L 25 R L 3. R
AT 5 36 FH 08 HE il PR 728 Ak 6] B 602 30 1 5 ) 2
% F 9. 8%, Horpr ZUAE 2B 7= HE ik PR 1 42 £k % H
AT S 26 77 Bl A2 38 114 5% e A A, Ak TS it P NTHL 1) 2
S Xt AR R R I R R K X R
RUNE A 77 B8 L6 HRE T SR B HE B L
K AT it B NH, 1 45 & 2 3 3% 1k R R 1
BRI

3 i it
3.1 AREMMEYRERITMNEEERSHT

) b JELRE A AR 7 ak B v e AR Y B e Al
AL 5 F L R Y R L % D) A
K OARWESE BB, 458 R oK B A N 127~
350 kg/hm* fFEB R 5 . HEKRZBIESS
By 22 6] 22 S 8 K (4 700~12 071 kg/hm?) , Horpr 5
AU R o b X Cn T R4S AT RS 4 R LD AR AR D Y R OK
A 7 B 7 e R AR TR A, 3R R IR R AR L A
S DX CAN 5 PR A T R A8 R L AR D B K i
7 818~8 073 kg/hm”, @& T A 4y 7%, (H H -3
Jiti A 2 147 kg/hm® I8 F HAh A 43 36 % . AL =
A e AR I e U T R AR, PR R VLA R T AR
i, R BRI O R VT A AR R OK IR B AR
FEAAR, AR B AR 5 AT T A AR i
BT B e VLA RN bR A LA Y LG e U5 T AR
T KRB Y BB N TR (4 235~
7 064 kg/hm® Fl Ff 48 o 2 & i H & (52~
411 kg/hmD M AFFERR 22 5 . N2 E X HORE , 74
b DX /N 22 A 7 B 7 ik 2R R T
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Table 3 Effects of emission factors on carbon and nitrogen footprints of crop production per unit yield %
HEp 7 2sqh Bk N IR K& 1w THR liiyia H GBS
Emission 75 Maize Wheat Rice Soybean Peanut  Oilseed rape  Cotton Sugarcane  Sugar beet
factors Range CFF NF CF NF CF NF CF NF CF NF CF NF CF NF CF NF CF NF
RN
N +20 +4.340.744.040.6 +2.040.6 +1.9 +0.5 +1.9 +0.7 +5.54+0.4 +3.74+1.5+7.0 40.5 +3.0 +0.7
itrogen
fertilizer —20 —4.3-0.7—-4.0-0.6 —2.0 —-0.6 —=1.9 —-0.5 —-1.9—-0.7 —=5.5—-0.4 —=3.7 —-1.5—-7.0 —0.5 —=3.0 —0.7
=2 >
f{ﬁlﬁHEEEEE +50 4+3.740.743.240.6 +1.1 40.6 +3.8 4+0.5 +3.8 +0.7 +3.2 +0.4 +1.8 +1.5 +2.5 +0.5 4+2.2 40.7
“ompoun
fertilizer -0 —-3.7-0.7-3.2-0.6 —=1.1 —0.6 —=3.8 —0.5 —=3.8 =0.7 —3.2 —0.4 —1.8§ =1.5 —2.5 —0.5 —=2.2 —0.7
A2
5% +20 +1.249.541.148.240.548.440.9 46.9 +40.9 +9.8 +1.3 +5.8 +0.8 +7.1 +1.4 +7.2 40.8 +8.9
Fertilizer
NH, —-20 -1.2-9.5-1.1-8.2-0.5-8.4—-0.9 —-6.9 —0.9 —-9.8 —=1.3 —=5.8 =0.8 =7.1 —1.4 —7.2 —0.8 —8.9
At 45
IE 40 +50 +4.140.443.740.3 +1.6 40.3 4+3.0 4+0.3 4+3.0 +0.4 +4.4 4+0.2 +2.8 +0.3 +4.8 +0.3 +2.7 4+0.3
Fertilizer
N,O —50 —4.1-0.4-3.7-0.3 —-1.6 —=0.3 —=3.0 —-0.3 —=3.0 —0.4 —4.4 —0.2 —2.8 —=0.3 —4.8 —0.3 —2.7 —0.3
TE: CF S B ™ it i JE 38, kg/kg s NF g Sy p= 5 FUL I, g/kge + KR K, — KR
Note: CF is the carbon footprint per unit yield, kg/kg; NF is the nitrogen footprint per unit yield, g/kg. + represents increase, — represents
decrease.

VAL =X 5 S S B i [ A P =0 0 B =
TOHAC ML X R AT 5 T EE
Bt 7 s R T B A BT 2% AR KRR 7 A
FNE it FH 43 ) 5 055~10 497 kg/hm® #l 118~
316 kg/hm”, BIfFAE W e 22 o AW &, vEdL Al
T P VA TR b DX ) AR A 7 B 7 e e R I A
X AT e PG b Ml DA T A5 AR BE BB, R AT I
Hby XA BIL 1 B R I FE KA G, WAl g S AR AN TR
DX 3 1) b R T RE A OG5 22 oo Ak 1 RloRe ) EE AR LE
VEW 15 G2 1) B AE L AR 45 & 77 A B ik A
SR

AE b b XA R AR P B R e Bk AR I T
A bl DX, A B DY 4 Ll P AR AN A R
G R 2 260 kg/hm?, @& T HAh 44 4y 9%, HAF 1
it N2 £ 89 kg/hm?, & HAl A iy iy 1. 124% 0 H ik,
B PG 45 L PG A T b A A ik G S R X AR L X
2 9% Hh IXORUIE 8 A R AR ML R E R BT
oo #5864 R 2 652~
4 661 kg/hm*F1 76~173 kg/hm?*, H: A 7174 2 Fh A 46
Az AE A o et 7™ AR AR, S BUL T A 1
TE A A 77 B 7 e R R R A o P b R R T
Vg b X CAnH R 48 A s A 1 B g
iR 2 245 kg/hm”, L A4 AR 5%, {H 7 ¥y it

JIE 45 1 (182 kg/hm™) | e H A4S 3 i 4206 . Ptk
PO LA R VR L X (AN H RS IR MR
(1 JH 3% A 7 B 7 R B R R R, X B Yan
DRI g A R — B

A6 FI 22 PR A VR R 5 1S ) A HE 1SR T
A TG FE 5 7K T B AT LA 1 9 e [ S e D e
FE B AT B HE R o AR5 2 B, G I Ml X Al AR
Az 7 BT P R S R, 3K T RE S E T P G X
AR REFE R L AR T ORI RHE . £ R
FEAE (49 391~75 990 kg/hm?) 1 & E it ] £ (126~
395 kg/hm*) ¥ fFAE B8 K 22 5% o Hivb B e VI 48 1 i
S A AIE e 4 AR T LA A 4596 1
17% , BLAh , B TR VT 28 ol R i 52 100 8 8K BE FE 51K,
fib 25 43 1) AR T R BEFE 35 4T 1 654 (kW +h)/hm”,
P RV 1 RIS AR i IR AR e K. TR
ARV R AR K WY E TR
83 330 kg/hm”, kb HAth 4 3 = 1994, {H H 5P 4 7 e
Itk 469 kg/hm®, A48 03 =5 9296, Btk K it 11
RN it FH 5 302 b X0 R A 7 B e Ak R AR

g b, XA AR B A0 I e FH 1= L P AR R
PR ] RE D A 25 5 R 5 W AR A i B ik A
FE 30 (1 T R (R R DX ) ) BT R R L 4
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PR BT 19 A [m] AT 8 L 23 [8] — A 2 1 7 i R0k AL 2
ST JRSA Sk NG 1 TR | | N - = Wbt Rl o1 KR o %
TER T, TRk 5LV 4 75 53 Ml Xk 20 s o
{5, T RE A AL PR S 3k 2 i DX (19 S 3R 8E JR A5 O R F) F
ZEAEY S SRR AR H AR RE B BRI
b AR TR, DTN R TR  AE BA B AR
Mo Ak S AR A T AR AR R FE 7 X, B
Xof V0 R A 1) B S5 HE IR e 45/
3.2 EyMETERHERERERF AR

Tl A2 300 A 8 ) R BE 53 AT A AV ) ek R A
FH Az 7 2ok R ) i R R A A A HE ., A R
it FHARNE 9 20 08 7 FH 2w LA Sk 9 2D o i 2R
e ISR AR, B A b A I R R AR A H AR
i YR R AUIE O A AR it T | S BR R TS Y Y G
B Peng 48 I 1 52 Hb (B 45 PE (Site-specific
N management, SSNMD# A, & 8 5 4 1 4% 55 it A
A LG, SSNM AR AT - 3k /b 32 04 19 ZUIE it H HL
KR 7 5% . TERMAZHEAT ,SSNM E AR
BB AT DA e ZRUNE R 238, SCRT DA vy 8 B K R Y
o P, A B U 2 e b A R OB &R g ik A
HE A A R Tt . AS W 5 TR A 1 i HE A
SRR R 5 R A 2 A R A Y HE K A
G aok R VB L R TV K AR i R il — , YR
VRE IR 0[] VR TR O U R ok R P % BB R AR L N
T8 e HE 2 o PRI , AR AR W) A 2R G T B ST
b B FAY AR A BRI, a0 HE T OR A R B4R ARG
HEA Y B A O At I 457 B sk 2D /08 % 3k it
R 2 T It 0 A Rk, it v T R %5 R
5 7K B AR AL AT AR A LA Y T B e HE L B2
VR TR 15 it ) FH AR

T oK - TR A H R AR F AR R DR IE O b o
S A H K B R R AREE SN O R AR
6 T8 5 BE W L A A Oy A 0 97 A 0 ) R OR BB B
P AR ) s DV 0 55 G T 7 4 ok
I3 B K SR A R, RR BRI L A AR K
AE S AT LS SRR A= 7 e el A ) s e H i
MNBPRIOR, REERAREZ S, A EE
1 B S

4 &

AS BT G TR T B A T B A i S U OE
Tk, ot 1 B 9 R AR BB ) AR Y B R

W23 A AR AL REAE A5 R 458

19 B et J5URLVE P 04 e A2 308 7 7E W 8 1) X
Bk 22 5o VG bR R U O b XA R OK A 7 R
71 = | 7 R P e | o A R DA 2 SRR e
AR 300 15 T 7 R AR T M DX 5 P b RN R SV I X
B 7K R 2B 7 B 02 300 e, A G R e el XA s AR b
Hby X4 R T2 A 7 e R 3 A R 5 T T ML X A AR AR
7Rl 2R TR K v 5 G b A R S T Vb DX S A
e R0 30 Y 308 2 At b DX G b 0 R O b X A
TR 77 i SR T 8K R

2) ) e} JERE A AR e AR R B R G Ok A
F A& B A 72 (9.44%~35.45%) | & IR IE 4
(5.60%~19.21%) F 4 H AC #} e FH (9. 13% ~
26.62%0) ; AL FEER H T4 HE R NH, /Y
P 9 (45.60%~77.13%) . &L 1Y Ik 1% A1 45 0 48 2k
(12.86%~48.91%).

Ak A A5 B Can Ak AE I8 i 55O ] DL 3R
A e SR 1 e R G 5 A B B AR L AT L
It 56 1 5K HE e DX 385 1 A sk JOREVE 0 08 U /b B A
M FREEAC M H T B B G Oy IR A DX
A5 R R ) o
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