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Fig. 1 Relationships among nitrogen inputs, benefits and environmental costs ( modified from Townsend et al 1 Black and green

downward arrow represents the maximum public health benefit before and after the improvement of the technologies and management,

respectively )
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Fig. 2 Schematic diagram of relationships among nitrogen

input, output, and accumulation/depletion ( EU Nitrogen Expert

Panel ' 21)
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Fig. 3 Schematic diagram of nitrogen budget of farm—gate, soil surface and soil system ( Oenema et al 1)
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Fig. 4 Relationships among nitrogen input, output and nitrogen use efficiency ( NUE ) ( EU Nitrogen Expert Panel 23l
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TR EHAE . HXIFARARNUESE0.550.92 18]
SEAEZ N, BIYNUE RO 70, i 78
Hb DX 1 BRI R ARG, (TR 5) — S i X A
Ytk & p el et . FEAn, EISHIFZ ERBNUE
1£0.550.9Z 1, HAfFEERRENUERZS [,
R 2 (6] 25 SR AR AT RE S b T /R AR KR L 3%
JE it F AN G RE AR A, IR A IR BRI
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Wi PR B AR B A RS2V L o L BB S R
JE LU REE AR R a0y, Wi 330 &
BAEIW/NE . EOK. KR L, DI,
WA R BRI S HARARIZ 53 WBE N 40, 40F1
60 kg hm™,

WAEE B IR R, NE L ERA
KFEAE " N4 ~ 10, 4~15, 4~10 t hm 78
B, gt A (LB + 2 S 4t ) 0N
N 112~280, 92 ~345, 96 ~ 240 kg hm™, 7EiXFp
RGO, I EARBRESERER, BaR

2 RE ARZATS TN 152 ~ 320, 132~ 385,
152 ~300 kg hm™, A=7= ERGIZRYE Hbsr= i, ¥
R DS AR AH N PR AT o 7 LiRA AR
R, WA I Chens 1 @ A ZE RS
(s A ) 5 & A R 0K 0 ge T A AT A
B, RRLEFMKERENN. B TARERER
SRR A S22 E, Rt s (FEY
WCEIG ), IR Ak A E R ARG . 5
AT DA 6] - - 551N, RN [FIVE A & bk
— L IR I S bR 1 A B

R2 ARWRRBKRIER T HMREYE

Table 2 Targeted N uptake and environmental effect under allowable N surplus

FAER A A
AT REB A bR Ay &0 Estimated N input EERIES
ek % _ 2
Crops N surplus index Targeted N uptake (Nkghm™a™) NUE
(Nkghm?a™)  (Nkghm™a™) A (I3 IYRR) HAERHA (%)
Total input  Fertilizer + manure Others
fedb/hzz -1k 80 350 430 350 80 81
North China Plain
( wheat-maize )
RALH T il RE A2 100 350 450 350 100 78

Middle and lower
Yangtze River

(rice-wheat )

e 1) fRAE+ZEA0 2 2 IR A A il 2 2045 TR b W 2 £ A BN input from fertilizer and manure estimated by

crop aboveground N uptake e

1M Ak 26— 151 >F 58 W) R0 3R AR A b A BE
TATFEIL T L EL/NE - EREEIRR I, 17
T [ A R it ) K 2 S ( 20064F T
i), T2010—20134F & 2L 4T T =AM /E R
MAZHA. BE, 0~1 miEAAEH, 1| mis
SRR PE B I, [ ) Bt O R B G b AR
FIAE B FL I Y AR s e )y R, FRATI
BT REBAREDNHOMN 80 kg hm ™}, /N -
FORFAEIR RAE R AR ARS8 (%
3) o ATLUAH, ERZRBAREANN 80 kg hm i,
AR R SRR AR A R 7 A HE
LN, TRt 1 m e R 4 i 285 SR 7 A 05 2 o 31
Mo KTFO0~1 mEMAEEANRBERR, BET
e .

SRV I M B g (90 ~ 120 em)

M 7 )RS, W ARG /N A2 - FORFE R R
RUEAT T HAERY K AL . A 28 00 B ™= 2t 2800 M
T oA Fl A I e K S 0 R TIT 28 K R A R A i
(<20 mg L") WYFRBUTITA H AL 1 55 KA 1R
R L. FAR MR AE SRR, Ak S AR
By, INEE - EARFCAEAE R K18 mm (11 ~25
mm ), MKIETTSE 4R ARV f R A R 1R
N 3.65 kg hm™ a™'o X848 ARRAL, HFH AT 6E
JE: (1) KRBT AR, (2) DR
JZ TR K A S RS AR D R KR H AR R A
PRI Ay bk R 7K B 2 B B 8 b 7K A ok R i A7
PG . R RRSERN, B BAH TR S A
W PBE S RORREAR . ARk FR 2t B A R i A
S A, SIRIE T KA AR AR A B G
Z U0 AR RIS R LR R AT
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Table 3 Crop N uptake and leaching in typical winter wheat-maize rotation under the allowable N surplus index (N kg hm™a™")
HWE LSk AR BRI
Crop output and leaching N surplus
0 80
ARLAN 306 441
N input
Ho b S 306 361
Aboveground N uptake
0~ 1 mif A% R 200 254
Nitrate accumulation in 0 ~ 1 m soil
1 b2 A AR AL 16 24
Nitrate leaching in 0 ~ 1 m soil
6.2 dtAEERBAWIRE LERBESERITEBEIER 200
P T e D7 4 B T A T s LA A
RIGH LRI ILRE ST, TR AT e MM IS I 4 250 | a/iEWhet @ EkMaize

KIS R SR BT B AR 2 > .
WH AN BEERZE (— B0 ~ 1 m) B HIENO-N
HA—@ WAz, ERZESNS (>1 m) 1
NO;-NWARMEBAED R . ERAERIET, $ERIR
FEHETHA (EZRMAR ) W HRE R 1
REMER A RS ), TR R R 2R 2
R WA ek s A AR 0, HRIE
AL R RS A& B

Cuig V5l i fE A /N - R e AR R
e gy, AR R EIAM T, WA
0~ 90 cmHR 2 &S E N L 4EFFFEN 90 ~ 100 kg hm™
MG SEa B, BE AT DL R v B bR e, X ]
DAHE R R B AR . XA BB AH S T BRIVE D)
WAk JE RS A B ARVFER 8RR 1P . o AR Ak
A =S bR R Y, FRATTHE AR AR RN A L K
WARIEO0 ~ 1 mAR 2 MRS E A VF5R B8 h5 AN 100
kg hm™, WRIATLUIFEH, FERIERRFARESR
FEHEN 80 kg hm ™ a '(UIE LT, P BIEW RS
0~ 1 mERAEER RFE RN 254 kg hm™, 4r7C
PN EFBAEY), FEARTEN 100 kg hm 2247 .

T SCERE AT ), RN BIL TN
KA [t B O ~ 1 m AR AR S B Al S A B
Bl (K6) , aTLIAE H i & =K TN 100 kg hm™
BF, AR R IR T A AU O R Y
S, HERFEY FRARE . REHR/NE .
T K BHERE I R 43 N 150 ~ 250 kg hm™, B

200

.

150

>

100

50

A ERER 21 Nitrate accumulation (N kg hm™)

<100 100~200 200~300 >300
S50 FH 2 N fertilizer rate (N kg hm™)
&6 FRIE M X AR 0 ~ 1 m A PRA R R SR 5 it AE &
ZI R

Fig. 6 Relationship between nitrate accumulation and fertilizer

application in 0 ~ I m soil in Chinese semi-humid croplands (9]

Ze5 B TN 150 kg hm 245 B - 3Ehl R £k AL, T
LT FE b7 R R S B AR Y . i,
VAN G 5% B S B A AR — B HR bR AR, X
TREARAS A A e Y B2

T

7 %
A SRS FE Br - AR AR AR T ST ke, 2%
S T R E WA MR IR XA L R OKRFUK AR Y
RREB RIS . HAl LIE-U- Y R A —

LeptrE R, (IR EAR R K A W R TR TR,
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WA, RIS R, R R A B A
A TR ISR R R, USSR AT L
i AR L B BSRE , AE 2R SE PR P BT . W
RER B A R BOR W LR, K B SRR
Jro A Tr O L R T S B AR A b
TR ZR FNBOR I R Ak T 20 R B B Bt

2 % 3

[ 1] Zhang X, Guo Q, Shen X, et al. Water quality,
agriculture and food safety in China: Current situation,
trends, interdependencies, and management. Journal
of Integrative Agriculture, 2015, 14 (11) : 2365—
2379

Frh g%, ENSME I E R 22 e S R M E SRS
KA, 2015, 21 (6) @ 1381—1388

Bai Y L. Overview of rural land nurtures in China and
abroad (In Chinese ) . Journal of Plant Nutrition and
Fertilizer, 2015, 21 (6) : 1381—1388

Guo J H, Liu X J, Zhang Y, et al. Significant
acidification in major Chinese croplands. Science,
2010, 327 (5968) : 1008—1010

Sutton M A, Howard C M, Erisman J W, et al. The
European nitrogen assessment: Sources, effects and
policy perspectives. Cambridge University Press, 2011
Doering II1 O C, Galloway J N, Theis T L, et al.
Reactive nitrogen in the United States: An analysis
of inputs, flows, consequences, and management
options. EPA-SAB-11-013. USEPA Agency Science
Advisory Board Integrated Nitrogen Committee,
Washington, DC, 2011

Fmgse. LA ZOR S B L ——He XL e A
MR P 25 o R 1R . L i, 2014, 51.(5) -
921—933

Ju X T. The concept and meanings of nitrogen fertilizer
availability ratio—Discussing misunderstanding of
traditional nitrogen use efficiency (In Chinese ) . Acta

Pedologica Sinica, 2014, 51 (5): 921—933

[7]

[o]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Bleeker A, Sutton M, Winiwarter W, et al. Economy-
wide nitrogen balances and indicators: Concept and
methodology. ENV/EPOC/WPEI (2012) 4/REVI,
2012

B SE. FRIR T 2 1 o 2 S E——3e i R
FE P 1y . R4, 2015, 52 (2) @ 249—
261

Ju X T. Improvement and validation of theoretical N
rate (TNR ) —Discussing the methods for N fertilizer
recommendation (In Chinese ) . Acta Pedologica
Sinica, 2015, 52 (2) : 249—261

Townsend A R, Howarth R W, Bazzaz F A, et al.
Human health effects of a changing global nitrogen
cycle. Frontiers in Ecology and the Environment,
2003, 1 (5) : 240—246

Zhang X, Davidson E A, Mauzerall D L, et al.
Managing nitrogen for sustainable development.
Nature, 2015, 528 (7580) : 51—59

Chen X, Cui Z, Fan M, et al. Producing more grain
with lower environmental costs. Nature, 2014, 514
(7523) : 486—489

Ju X T, Xing G X, Chen X P, et al. Reducing
environmental risk by improving N management in
intensive Chinese agricultural systems. Proceedings of
the National Academy of Sciences, 2009, 106 (9) :
3041—3046

Vitousek P M, Matson P A, Nziguheba G, et al.
Nutrient imbalances in agricultural development.
Science, 2009, 324 (5934) : 1519—1520

Zhao X, Zhou Y, Wang S, et al. Nitrogen balance in
a highly fertilized rice—wheat double-cropping system
in southern China. Soil Science Society of America
Journal, 2012, 76 (3) : 1068—1078

FUMESE, A ORi. TR A I A0 b H BUAR | 1) %
HAEPEFE S NLE A, 2014, 20 (4) : 783—795
Ju X T, Gu B J. Status-quo, problem and trend of
nitrogen fertilization in China ( In Chinese ) . Journal of
Plant Nutrition and Fertilizer, 2014, 20 (4) : 783—
795

BEIRIT, BRI, sKARBL. AR b XA NE - R TR
RAERRW ARG S . LR, 2009, 46
(4) : 684—697

Zhao R F, Chen X P, Zhang F S. Nitrogen cycling and
balance in winter-wheat summer-maize rotation system
in Northern China Plain (In Chinese ) . Acta Pedologica
Sinica, 2009, 46 (4) : 684—697

Allison F E. The enigma of soil nitrogen balance sheets.
Advances in Agronomy, 1955, 7: 213—250
Bouwman L, Goldewijk K K, van Der Hoek K W, et

http: //pedologica. issas. ac. cn

S

2017-3-16 9:38:01 ’7




+Hiindd 294

294

+ %

Eid 54 %

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

al. Exploring global changes in nitrogen and phosphorus
cycles in agriculture induced by livestock production
over the 1900-2050 period. Proceedings of the National
Academy of Sciences, 2013, 110 (52) : 20882—
20887

Fowler D, Coyle M, Skiba U, et al. The global
nitrogen cycle in the twenty-first century. Philosophical
Transactions of the Royal Society B: Biological
Sciences, 2013, 368 (1621) : 20130164

Ladha J K, Tirol-Padre A, Reddy C K, et al. Global
nitrogen budgets in cereals: A 50-year assessment for
maize, rice, and wheat production systems. Scientific
Reports, 2016, 6: 19355

Galloway J N, Dentener F J, Capone D G, et
al. Nitrogen cycles: Past, present, and future.
Biogeochemistry, 2004, 70 (2) : 153—226
Organisation for Economic Co-operation and
Development ( OECD ) . Environmental indicators for
agriculture: Methods and results. OECD, 2001

EU Nitrogen Expert Panel. Nitrogen Use Efficiency
(NUE ) an indicator for the utilization of nitrogen in
food systems. Wageningen University, 2015

Watson C A, Atkinson D. Using nitrogen budgets to
indicate nitrogen use efficiency and losses from whole
farm systems: A comparison of three methodological
approaches. Nutrient Cycling in Agroecosystems,
1999, 53 (3) : 259—267

Oenema O, Kros H, de Vries W. Approaches and
uncertainties in nutrient budgets: Implications for
nutrient management and environmental policies. European
Journal of Agronomy, 2003, 20 (1/2) : 3—16
Smaling E, Fresco L O. A decision-support model for
monitoring nutrient balances under agricultural land-use
(NUTMON ) . Geoderma, 1993, 60 (1/4) : 235—
256

Smaling E M A, Oenema O. Estimating nutrient
balances in agro-ecosystems at different spatial scales.
New York: CRC Press, 1997: 229—252

Norton R, Davidson E, Roberts T. Nitrogen use
efficiency and nutrient performance indicators.
Washington, DC, 2015

FME, FAE R AR g IR A A AT 2R
. +HEEAR, 2014, 51 (2) @ 216—225

Wang H'Y, Zhou J M. Calculation of real fertilizer use
efficiency and discussion on fertilization strategies ( In
Chinese ) . Acta Pedologica Sinica, 2014, 51 (2) :
216—225

Yan X, Ti C, Vitousek P, et al. Fertilizer nitrogen

recovery efficiencies in crop production systems of

[31]

[32]

[37]

[38]

[39]

[40]

[41]

China with and without consideration of the residual
effect of nitrogen. Environmental Research Letters,
2014, 9 (9) : 95002

AR AL TR 24 i A DA [ b e A 2% it P 2200
XPPREER . Jbat: PERRY:, 2004

Kou C L. Effects of nitrogen fertilization of different
intensive cropping systems on environment in North
China Plain (In Chinese ) . Beijing: China Agricultural
University, 2004

AW W HINUTMONJ5 i 3P4 AR 401 J s 1 £ 2 fl
IR BIFR MR FEROL. JEat: hERL R,
2006

Li D C. Evaluation of nutrient cycling and economic
conditions of typical intensification smallholder farmers
in North China Plain by using NETMON method ( In
Chinese ) . Beijing: China Agricultural University,
2006

Ye J. Land transfer and the pursuit of agricultural
modernization in China. Journal of Agrarian Change,
2015, 15 (3) : 314—337

Xing G X, Zhu Z L. Regional nitrogen budgets for
China and its major watersheds. Biogeochemistry,
2002, 57/58 (1) : 405—427

Ti C, Pan J, Xia Y, et al. A nitrogen budget of
mainland China with spatial and temporal variation.
Biogeochemistry, 2012, 108 (1/3) : 381—394

Cui S, Shi Y, Groffman P M, et al. Centennial-scale
analysis of the creation and fate of reactive nitrogen
in China (1910-2010) . Proceedings of the National
Academy of Sciences, 2013, 110 (6) : 2052—2057
Gu B, Ju X, Chang J, et al. Integrated reactive
nitrogen budgets and future trends in China. Proceedings
of the National Academy of Sciences, 2015, 112
(28) : 8792—8797

Ma L, Ma W Q, Velthof G L, et al. Modeling nutrient
flows in the food chain of China. Journal of Environment
Quality, 2010, 39 (4) : 1279

Zhou J, Gu B, Schlesinger W H, et al. Significant
accumulation of nitrate in Chinese semi-humid
croplands. Scientific Reports, 2016, 6: 25088

Li Q, Yang A, Wang Z, et al. Effect of a new urease
inhibitor on ammonia volatilization and nitrogen
utilization in wheat in north and northwest China. Field
Crops Research, 2015, 175: 96—105

BV A TR A AN b e SR R B 5 i ¥ AL
st R, 2014

Huang T. The mechanisms of a long time carbon and
nitrogen input on soil carbon and nitrogen pools and

environmental impact (In Chinese ) . Beijing: China

http: //pedologica. issas. ac. cn

2017-3-16 9:38:01




2 FRHEAE: RRE RS 295
Agricultural University, 2014 and farm performance. Agriculture Ecosystems &

[42]  BRINUE. 6T 30T /KA RRER &t 42 ] 9 3 (R AL T7 320 Environment, 2002, 92: 283—296
VRS E A BEM . dbat: T ER R B [44] Cui Z, Chen X, Zhang F. Development of regional
2015 nitrogen rate guidelines for intensive cropping systems in
Zhang Y T. Critical environmental nitrogen fertilization China. Agronomy Journal, 2013, 105 (5) : 1411-1416
rate for the main grains in Northern China based on the [45] Hofman G. Nutrient management legislation in European
controlling of groundwater nitrate concentration (In countries. NUMALEC Report, 1999: Concerted
Chinese ) . Beijing: Chinese Academy of Agricultural action, Fair6-CT98-4215
Sciences, 2015 [46] Winiwarter W, Grizzetti B, Sutton M A. Nitrogen

[43] Ondersteijn C, Beldman A, Daatselaar C, et al. The pollution in the EU: Best management strategies,
Dutch mineral accounting system and the European regulations, and science needs. Air & Waste
nitrate directive: Implications for N and P management Management Association, 2015

Indexes of Nitrogen Management

JU Xiaotang' GU Baojing’
(1 College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China )

(2 Department of Land Management, Zhejiang University, Hangzhou 310058, China )

Abstract To assess the nitrogen ( N) management in different production systems or under
different scales, choosing which indicators or indexes is crucial question to be answered for improving
the N management. Recently, many new concepts, methods and indicators have been proposed for the N
management internationally, to objectively evaluate and improve the N management level, and to provide
criteria for producers and policy makers. Although these concepts and methods have been applied to the N
studies and management in China in some cases, the understanding of these concepts and methods, and how
to make the calculation and interpret the results still lacks systemic knowledge. No indicators thus have been
developed to guide the policy making and practical application for the N management in agricultural systems
in China. Therefore, this paper introduces the concepts, definitions, calculations and result analysis of
international N management. On the basis of this introduction, we attempt to integrate the results from N
studies under different scales and in different soil-crop systems, summed up the N management indicators for
typical crop systems, and provide a scientific basis for achieving the better N management.

This study conducted literature searches on the N management indicators, summarized the concept
and calculation methods of main N management indicators, including N budget, N balance, N surplus,
and N use efficiency (NUE ) , and allowable residual nitrate in upland crops soil after harvest, and
analyzed the relationship between these metrics. Results show: (1) The environmental cost is low if the
N input-output of a production system within a reasonable limit under a certain technical and management
level; the environmental cost increases rapidly with the increase of input after the net benefit reaching the
maximum level; N inputs should be maintained within this limit. (2 ) N balance is an important indicator
of N management and policy making, which is defined as the relationship between detail N inputs and
outputs of a given system at a given time period; the excessive ( surplus ) or deficit ( deficiency ) N is
calculated as the difference between N input and output on a per area basis; the concepts of N budget and
N balance is different, and N budget is to calculate the detailed variations of N input, output, loss and

system accumulation; N balance is divided into three categories: farm gate, soil surface, and soil system;
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A tiered approach is recommended to calculate the N input, output and balance from farm scale to country
scale; N surplus indicators should be determined based on soil-climatic conditions, the type of ecological
agriculture and environmental capacity. (3) Within a given boundary, N use efficiency ( NUE ) is defined as
the ratio of input and output of N product: NUE = N products output / N input. (4 ) International community
recommended to report N output and surplus simultaneously when reporting the NUE, and the relationship
analysis of NUE, N output and N surplus can help to improve the N management and achieve a better goal;
when NUE <1, N output is lower than input, the N that is not removed accumulates in the soil or enters the
environment; when NUE > 1, N removal is larger than N input, representing soil N depletion that would
result in decline of soil fertility; the recommended NUE internationally is ranged from 0.5 to 0.9; harvested
N is around N 80 kg hm™ a™", and the N surplus is also around N 80 kg hm™ a™'; NUE > 0.9 indicates soil
N depletion, and NUE < 0.5 indicates low N use efficiency. (5) Soil inorganic N (mainly nitrate ) in the
root layer before sowing is often used as an effective indicator of soil N supply under rain-fed conditions, and
residual nitrate in the root layer after harvest has been considered as a measure of leaching potential to assess
the reasonableness of N management. (6 ) Most N balance studies are on field scale in China, and N 80 and
100 kg hm™ a™ N surplus could be the reference indexes of current production and management according to
long-term accumulation of rich research data for the North China Plain wheat-maize rotation system and the
Yangtze River Plain rice-wheat rotation system, respectively; the abovementioned reference index is based
on a yearly rotation period, and the N surpluses should be set to N 40, 40 and 60 kg hm™ if allocated to the
major crops of wheat, corn, and rice in a single crop season; the allowable residual nitrate in the 0 ~1 m
root layer should be lower than N 100 kg hm™” after the harvest of wheat and corn in the North China.

The good N management should control the N surplus and NUE within the target range, maximize the
N recycling and minimize the diffusion of N to the environment. Developing and applying the index system
of N management is aim to evaluate and optimize the N management and achieve the targeted productivity,
environmental protection, soil fertility improvement, and sustainable use and succession of the environment.
These indicators can measure the existing management and measures, and as a benchmark for future
improvements. The policy-makers can use these indicators to formulate corresponding policies, and implement
in the practices.

Key words Nitrogen balance; Nitrogen surplus; Nitrogen use efficiency; Nitrogen management;

Nitrogen losses; Indicators
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