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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,
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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 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.

Key words: Nitrogen flow; Whole-chain nitrogen quantification; Nitrogen surplus; Nitrogen use efficiency; System coupling
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Fig. 1 The CAFE ( cropping system, animal-crop system, food system, regional ecosystem ) framework for regional nitrogen governance
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F1 SUEFEAZHRERFRENEX (B Li %)
Table 1 The definition of four N management systems in the CAFE framework (Adapted from Li et al.l"?)
At 2R 458 MIRRG BYHERS KA ERG
Cropping system Animal-crop system Food system Regional ecosystem
HHH A A H KM, L, HE B YRRt Y. LR AERE YR
Management N B, Tk, 295, AW
boundary Hith
i Input AME. APREAE . KU AL ERA. RAUT A, KAV (Rl 208 RITRCES RS ).
e (qem) | 00 e (el tsh) o g0 d) | EWREA. #EOE YR D EERIE
Tk BEOEAL . SYERIEY) S4ERE YRR
0
fi il Output TR EY ™ 0 ARFRMEY L s BRI DR . IR REL L R SRR

3 6] S

Spatial scale

WX, HR, 2R

i

WX, FR, 2Bk

TR £FGER R R

WX, HR, 2Bk

ERX7 S

WX, HR, 2Bk

s ] RS — SRR AR B —ATERMBRIERER A ERNRERER AR S
Temporal PEF AW (A 4~ BEFARBED 4~5 7R (2 4~54F)
scale 54F) i)
REWMI FEY I SIS R Tl A Il R MAETENE B . 2 AEE BT b 2R 52 803 i Fi e
N dynamics IR Ty 1A 2E bR A 2 )
Fl g5 A B gl C(flhn:  RER Ol 2R KRR Rl BRE R R BREAEEY
Stakeholders MRS Tl . AFARD) . BUR A=W RREHIN TAEE RN TAEE A (el
AR (FEYTR) | K oNE] L HARF L BN ik, zeilisks . SRR
B CAlhn . AP 2 ) BT
TR /4 1 4, Ja R R bR 0 AR RS A ", B 8 ERMXEAIIE Rl A= 0 S KA SR
Strategies/ BHI (BMP) , #&  Bira s, D BCESE TSR AR, SINEEAHLS A, Wl AR
focus area REMHFIBEMAE ATRE R E M SRR T AESERE . SN TR R A A
BR G BEEHEERMIRE G, HEHNEIER B2 AGRRNE SRR
BES MBS E R R EEE s AR KGR
I LA A Al B HE T
I WA RGBIX AR RS, “FMRE” M CBERE” 1788 RG0E AR R 28 MU R REE s AR R 7%

MR T RETE SRR, UERENHARRD;

SRS /£ AL DCIR ATOR IR T PR TR B AL Bl T 2 VA T Y

#i HP W . Note : From cropping system to regional Ecosystem, the “Spatial scale” and “Temporal scale” rows denote the spatial and temporal
scales that the system definition could be applied to. The “N dynamics” row highlights the new N dynamics included in a system in addition
to the N dynamics in systems nested within this system, similarly, the “strategies/focus area” row highlights the additional strategies needed
for improving N balance due to the new N dynamics.
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Fig.3 Nitrogen surplus (a) and nitrogen use efficiency ( b ) in four CAFE systems in different countries ( averaged for the period of 2010—2020 )
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