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Abstract: [Objective] The environmental emission of nitrogen (N) permeates through the entire food chain and
ecological system. Nitrogen-efficient technologies in crop or livestock production alone have proven ineffective in
controlling N pollution, necessitating the innovation of systematic research and management methods. [ Method]
Based on the concept of cascade flow and the whole-chain N research framework (CAFE), N fluxes in four nested
systems of cropping system, animal-crop system, food system, and regional ecosystem in various countries or
regions were quantified, N surplus and N use efficiency in each subsystem were analyzed. The driving factors of N
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surplus increment between adjacent subsystems were analyzed, and the promising strategies were proposed.
[Result] Applying CAFE to 13 representative countries reveals that the N surplus in most countries increased
and the nitrogen use efficiency (NUE) decreased with the increase of the level of managed system. The N surplus
in the animal-crop system, food system, and regional ecosystem increased by 138% (median), 230%, and 287%,
respectively, based on the cropping system. The N surplus eventually increased from 3-153 kg-hm? in the
cropping system to 63-464 kg-hm? in the regional ecosystem. At the same time, NUE decreased from 55%
(median) in the cropping system to 34% in the animal-crop system and 18% in the food system. N loss increases
gradually from crop production to primary agricultural products, food production, and consumption. Although the
trend of N surplus increase is consistent across all countries, the magnitude of the increase varies considerably
among countries, determining the different priorities for improving N management in each country. For China, as
the high nitrogen surplus mainly comes from the cropping system, efforts need to be made to reduce the N surplus
in cropland by promoting best management practices and adjusting the structure of N inputs. For most western
countries, the system outside the cropland contributes more to the total N surplus, and attention should be given to
the N recycling of related systems. For example, the Netherlands needs to focus on matching crop-livestock
structure, increasing feed self-sufficiency rate, and reducing livestock density to decrease N surplus in the animal-
crop system. Japan needs to further reduce food waste or increase circulation, while African countries need to
reduce crop storage waste and improve overall productivity. [Conclusion] The analysis of the global CAFE
system shows that the main factors affecting the surplus increment across systems include the structure of N input
in cropland, livestock density, feed self-sufficiency rate, and the relationship between food trade and domestic
supply and demand. However, these factors have not yet received attention in global N management. CAFE
provides a consistent quantitative method for global N whole-chain management, which is helpful for cross-
regional comparison, experience sharing, and policy formulation.
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Fig. 1 The CAFE (cropping system, animal-crop system, food system, regional ecosystem) framework for regional nitrogen
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Table 1 The definition of four N management systems in the CAFE framework (Adapted from Li et al.'?)
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Fig. 2 The N balance across the CAFE framework for N governance (Adapted from Li et al.')



+ 3 2 iR
Acta Pedologica Sinica

2 45 B

21 FTEIERAEZEEKFENESITME

BE%E CAFE ERMIEN, ARZHER (BT 2 FIRRE RN &R HRZE
WK, FIFERLG. AMERGANXIEASRENEAZBAEME RS ER B4 8n T
138% (1 A7 %) (38%~1556% , # /M~ KD . 230% (78%~1750% > #1 287%
(94%~2179%) (Kl 3a) . [AI, ZEFHZES 0 MFE RS 55% (33%~81%) &M
RYM 34% (11%~44%) FIEYIRST 18% (9%~39%) (& 3b) . FEEIEM A BIEh A=,
MBI AR = B Tt DL E A= BT 2, BRBRBH . BEERIFER
S 3~153 kg-hm? &0 N 2 X I E A5 RS0 63~464 kg-hm?. S8 I A [ 5% 5 A 10 i #a 3
—H, HENEFEREEZERBR, UHENEXEARERAENANARE, BRI E SN
PR 2. IR E S EAEE, MiERSGREEA TN 121 kg-hm?, @it 2414 80
kg-hmZB 1 (B 3a) , HEMHZRVPHN 41%, KT ESBRANE R FEKTF (51%) , 15725
AR IR SR A B ERL= R P AR S5 T — AR R RN, AR BUR
RERRFHE, MRAERNE R, BT AMERZET, MEAREAREAEL 0 kg-hm?
(B 3a) , IR JRrakes, 5T BN DI S e = A LIEAR /) o A =5 AP
BTN I RSB E B AR IE R Kk 305%, M 88 kg-hm™2 344024 356 kg-hm?; 1 &2 HIH 2 I A
KPR (33%F5 % 28%, K 3b) o fii2MFRE RARFFHZEE S, (HHTIREHEER,
HILT “msEEmBR” ML, U FRRRIE RE RSB A AL IR R, R
MR, HANMRRAZESYHERGERRBRMIER AN 70% (148 kg-hm? F+ & 252
kg-hm?) 5 FEFIH R MNFIIRE RGH) 39%ME BV RSB 29%, FiRN 26% (K 3) 5 il
HARTE Y AT BT KRR

XIBAERREANARZRAREN, L —DMEZRN KB BEHIA S ], AKESNIIA
A2 A S REIEIN T B E Sy, EARMX MEERAE R N ERE R, —% AN OZEE
Fantar, PEAMHA, XEERERCEL ZeBE 5 f5~6 f5. M T, HAEKnS+
k. BRI REEE, I mE R MR, WA AR AT 5 G .

ST REZHESR, MRS XIEESRGESREBAMTTIRA L 12, RURH LIRS
REEHNEE N, KFKRKTFESLEELN CAFE RGMARES (H 4, AERAKT
H5RMBRBRBEFSHREEZIERMLE (EKC) ; HIBRMEWEF MPILHE, KRERE
BARSHBN RIS, MELTF KPR BB & ML, L2 S PR B0 & 1 ZE R A
Wi n, (RAEKRBEERREIEKFRIERR, MERANEPEEK, REARBRZL T
(B 4a) o H—BRAIT R, FiEAERZIIERBERBHTS EKC Mgk, RIMHFEE ALY
GDP [ hn, AHUAMORRBREINE TRES (B 40 , BHSKFRES—ENE
B, Aokt R H 2 AMAFRE A Y EE RS R R R TS R E R, NIMHES) TIX s R R AR
BRI AR

http://pedologica.issas.ac.cn



+ 3 2 iR
Acta Pedologica Sinica

600 100%
a a) - b)
| N o}
34”500 F e mCloAC % ) uC wmA-C F
=4 A-CtoF FtoE m 80%
B >
. & S
E 400 p
= g 60%
« 2
43) m
= 2 300 =)
B s Z
e o Bl
= = = 40%
< S 200 E
(S
o9
g
E 2 20%
£ 100 S
@
Z
0 0%
=z ZoM koM v g0 N 1
ZCRAEEERASUBER FLLES{FFFsead
§% Country H7% Country

W CIHEMM RS, AR RS, FIREWEERSA, CIoA-CIHEMHEAZEMIERSG, A-CtloFIEiFRERAZ BV RS,
Fto EfEVHRAEX AR RS, EIXRLHA SN BR: B, CN: H[H, DE: 18E, DK: 2, IN: B, JP: H
A, KE: HJBI, MW: Shigs, NL: fif>%, TZ: #HREW, UG: 5T, UK: 3E[E, US: £[EH. FA. Note:C
indicates the cropping system, A indicates the animal system, F indicates the food system, C to A-C indicates the cropping system
to the animal-crop system, A-C to F indicates the animal-crop system to the food system, and F to E indicates the food system to
the regional ecosystem system. Names of countries abbreviated as BR: Brazil, CN: China, DE: Germany, DK: Denmark, IN:
India, JP: Japan, KE: Kenya, MW: Malawi, NL: Netherlands, TZ: Tanzania, UG: Uganda, UK: The United Kingdom, US: The
United States. The same as below.
Kl 3 A[F B %K /E CAFE R RGMAZRHAR () MARFIHZE (b (2010—2020 )
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Fig. 6 The driving factors for N surplus increase from cropping system to animal-crop system
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Fig. 8 Relationship between population density and N surplus increase from the animal-crop system to the food system
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