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Abstract: The main objectives of nitrogen (N) fertilization to cropland are to obtain high target yield, accepted product quality
and economic benefits, and maintain or improve soil fertility. In recent years, overemphasizing the environmental effects of N
fertilization by unreasonable “reducing N” are becoming fashion while paying less attention to the production target and soil
fertility, which might lead to reduce crop yield or product quality, or soil fertility. Here, we define the principles of rational N

fertilization, i.e. in a given climate-soil-crop system with given relatively stable agronomic managements (such as crop rotation,
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tillage, cultivar and irrigation etc.), N rate should be in an rational range which could achieve high target yield, accepted product
quality and economic benefits, maintain or improve soil fertility, and control N losses (thus environmental effects) in an
acceptable level. We discussed the methods for determining the rational N rate and the indicators for evaluating N management.
We emphasize that the essential of reducing current farmers’ conventional unreasonable high N rates is to minimize N losses via
improving N fertilization techniques rather than simply cutting the N application rate. We also emphasize that the rational N
fertilization should implement the “4R” nutrient stewardship or techniques together with the recycling of manure and straw to
cropland, and balancing other nutrients include phosphorus, potassium, middle and micronutrients, and integrating to other
agronomic managements. We suggest to do long-term field experiments in different climate-soil zones to study crop yield,
product quality, economic benefits, ammonia volatilization, nitrate leaching, nitrous oxide emission and soil fertility
simultaneously, and to explore the relationship among fertilizer N, soil N and crop N in these climate-soil -crop systems, and
further to evaluate the production target, environmental effects and soil fertility comprehensively. By using the indicators of N
input, N output, N surplus, N use efficiency, N losses and change of soil organic carbon (SOC). We need form rational specific

fertilization techniques by machinery to minimize N losses, thus to maximize crop N uptake according to the regional climate-soil

crop systems and production conditions.

Key words: Rational N fertilization; Target yield; Environmental effects; Soil fertility; N losses; Fertilization techniques
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Table 1 Maximum N application rate for rice in China

H Az & RALEH B i
[X 45k
Target yield/ Quota of N fertilizer/ Theoretical N rate/
Region
(thm?) (kg'hm™?) (kg'hm?)
B IT S AR X 8.25~11.00 105~150 116~154
FILEARRGIX 8.25~11.00 120~150 116~154
KT LW A X 8.25~11.00 150~180 165~220
o o 8.25~11.00 150~180 165~220
RAL P i O ZEAE X
7.13~9.50 120~165 143~190
R R OB A X 8.25~11.00 150~180 165~220
7.50~10.00 135~165 150~200
i 3 7.88~10.50 135~180 158~210
TR 9% 1 L P2 R X
7.13~9.95 120~165 143~199
AL T I g B R X 7.88~10.50 135~180 158~210
o B 7.13~9.95 120~165 143~199
U R g J L b PR (X
7.88~10.50 135~180 158~210

TE: SRR A B M AU PO, H o RO VI i R L 58 PR R RS DX TR O R R 1.4 kg, HAURE KR

2.0 kg Note: To calculate theoretical N rate, N requirement per hundred kilograms of rice is 1.4 kg for cold region of Heilongjiang, Jilin,

Liaoning and Inner Mongolia; for the other regions are 2.0 kg.
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7l [l . Note: Data in the figure is derived from the winter wheat in the North China Plain; grain yield and crude protein content is cited from

Ma et al.®¥; total reactive N losses include N loss via ammonia volatilization, nitrate leaching and nitrous oxide emission, which were

calculated from the empirical model of relationship between reactive N losses and N rate in the North China Plain developed by Cui et al.'®;

green area denotes the range of rational N rate.
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Fig. 2 Relationship among N application rate, grain yield, grain crude protein content and total reactive N losses, data derived from wheat in

China
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Fig. 3 Grain yield response to N application rate for different wheat variety in the UK

Xt IR A0 2% R RE B8 g 1)) e KA B
HEEN, AEEA RN IMEE, WASEER
U JReS = NI | 20 23 E N = - 1107 0 w31 WA 8
WRETN X EIEE A SR A- LA
( Mineralization-immobilization Turnover, MIT ), k&
FE LT AR A AR W R R, F e i
PRRET Ok, MRV AR IR, TEEY
L REFT A R O

3 W P U A 5 1

1 2 A Pt 2R 0 R 19 A RIS A B R it
DI XERT, 452 ANETEVEY) 2B 7 v R fl HI LA
Ko HEZIERIAG . (1) FET HEEEY
77 X6 il 280 B ) I 1) MR RR RN, PR s (2) T L
A RIS 2 T . (R, XR IR
BRI A BRI Y, SRR 2. TR
FEl/NAR 1 4 b A B B A AT, ARIE R B PR
T X4 5E B A & ( Regional Mean Optimal N,
RMON ) (&I, A TE— KB, A fR-
FIERUE R R EE A A A — 2L

AT SR - 1t 20 e AR A FH B 28 T e At L
fo X T RIZEXEL, 38 i A R AR AR Y R
HRMA R, 5 XA ) 2 5 i A
PAFH T 5 A AL, WEERE /D, X
BOP RIS AR, BRSNS 4 R 2 B0 Pt A R
TAEA FRYEHE , 8 T4 BOR SR P e S bR AR 7
N A . (H TR EAE R X R E R, FFRZ
A 22 15 0 TR , FRAS 28 B dae A it 260 2 A P390
L HH (RS0 75 A AN 6] Az 7 2R g s B Be gk A 7
TR, M IH TR — KA

1 B 235 R K H AN FORE, il
DA Dy AR EH AR P RE AR E S8, TP A
Hh ] PP BE M A O A B U, SR T VR IS
PERGHE . BTAEEA . HIEA . /EYRASE
Y3 2 VR G R A TEN AT, Ju A Christie®”)
2T #8064 & ( Theoretical Nitrogen Rate, TNR )
PIRE SR . S TR EWRA . TRIRE
GEHMRBERAZE, BT “AHARENETE
Pyt L3RR A FEES S A Tk
PRYTR ARG (N, kg) 2805, GHEAREE Hir
FEECY RIME—pREL, BVER A S N Y/1005XN 990

http://pedologica.issas.ac.cn



13] ELRRSEAE 15 HE A A s U AN R

ATLE W, BArea e T e ok /s R ix
B A SR

28 I R R SCHR ARG Y B RIS 25 2R, X B
Wt U A e A R AT T AR, ERE
BT, PIEAERE AR QORI E R FIKFE Y
FRIS it R o T A B A B AR R,
O F AR XAE Y B T SO Ok P A %
T H AR A M DX TR Y o BN A R R VT IE M
IKFEHRIE il A I, WRR F E T SR Y 7 A
2.4 kg MAEFHSE, Hirr=& 7500 kghm™> )
PRI A BN 180 kg-hm 2, {H2, 2 B fp 42805 20
AEMIR IR 25 SR I, FEHKRIRERLIY & B EAA 1%
KA, MEFMEEELAR 0.55%, ¥WREMRTE
FEEHKF s BTGk R 1.4 kg K47,
FH X —Z B0 5 09 [RIAE B A5 7™ i 38 i 20
105 kg-hm 2, SE45 A 75 A0 FE b /KRG B4 F 1) 6 285
o RALFEM KRG 3 AR & T,
TE BT H s AR B, LR 1Y A ORI TR 2
FHAMMX . fel W, & TRk a2 B e
7] DX 1 [7) — 1 2 Sk, LB R ke 1% b
XA - R RN A 7= A5, W B AR 4 AN [F] Fp AR
X =i AR R S R AFSE R E . R 1A
EITE RS i A, BIRTTIER A AR LT
WS IR I H T SR AR 1.4 ke,
HABREX KA 2.0 kgo ATLAA T, SR 5
fim TREEF AR, HEeatosgir. WEAAR
FIFA X B TGk & A A, SRS
A ELbR

1 F bR 5 25 A R B T i X A -
A= 2 . AR TR B AR LA K5 P
X O HE S H bR ™t A, B EEHE
B AT FA W FEW S8 Bk, @it B s
B FH Bt R0 (0 R I R E A7, B s = N e
FEas A 1Y, BT 5 BEI I 40 58 M IX A A 7 46
AR i 2 AR 2 7 i B Y RS AR AR I EL AR
A=k A o 249K, W ELE SR U — K e iR
FETE AN, BT ERk A SRR R B
Jiti, AF I £ it 2R, 07 AR I 15 ) A e 1

1E 3% H AT A 7 AR KRR R S B A B
T, XFFREAEY, M PR A X A bR
ML , 524 (it A AR T 150 kgrhm 2,
MEBEAR B B A HAELIRAR,;, RS T

250 kg-hm *, 3477 A IR AR /N, ARG S,
WA R . ARG A T E R ZHE 150~
250 kg-hm” Z ], it & A R oK £ 7
100 kg-hm 2 247, A[HAT AT A K. E—A K
PHEM S RIRESNRBAES RS, UTHEESE
Yyt A A A BE R, n] 4Ry R R R
MR . BRAEA ™ &0 (RS i . 1R &
FpORIA 2 A ) e A R el AR 7 520 H b = i &
Az AR, it R A I ABORE R P R R L B T 2R
MK R m R . AR P AR SRR
Wi, BRI MR R ARYE A C i H
= o PR i U, R T — A R (S
[ 7 2027

4 5 M S PR B

AT 2 b HEFI WA AR SRR A 30, B
HKFEL S, RPGERARE M CH, Hph—1
FEM TR A FE ISP (indicator ), P
RAREMTEIRARZFARE (NUE), ARER
(surplus) % (& 1), NUE —H#) M H, Hix
FEPRIF AR R M P H K AR R i, B K
35200 ) R R FH R4 ] R s A IR R T AE Y,
iU [El K — EL5 38 NUE 0200 HAB S bR, WA R AL
ARVEIGR R EL A, ORI R R BKFB,
REFRE I HIEAEWIERE AR R SEDIR
WA ER2ZEME PO REMREN, AEEA
SRR AR BB e R - A U AR
TR ARt BB A FE AR, AEA
A MNE . AFEEE AR R T, Re6g sk
IHAE IR . A AR S AR . A
RARM TR ER, RERRBRRL, HEEDMHT
BAAR, 1EY-EIL, ESHEETHEAR; HAR
KB AN, VEY) 7 5 R0 5 A 23 5 0 s fin e 2
BN, ERESREL, HARBRSRKREEM, 5
ERERAEARA . Hit, R AREHN 2 1
HEAEWR R A R B AR R 2 il 748 A
WHEN, SKRRERRARTEART P RHE .

FETAEIR EA A X 248 22 s ny H A, 28
TEANL T 13 FEYIR R AR BRI, AR
T 5 NUE FEMIGR R Z I OC R o —4F—2UWEY)
KRR EBAIEN 40~100 kg-hm 2a™'(FH 8

http://pedologica.issas.ac.cn



8 + %

=

58 &

T3kghm>a™l), M—FHALEY KR MR R B AR
#EN 110~190 kg-hm *-a '( F#)5 160 kg-hm >a '),
)R —AF—BWEI R R B0 B R FT 45

(EAK . /NERKFE AR BRARET NN 75, 40
70 kg-hm ), ERIE T % bRiE R & #PERT, 78
FeSCHE “4R” (A HAMEAL R (Right amount ), IE
A AR A ( Right type ). 1R A9t AL Y ( Right
time ) FIEMAHEIE /75 (Right place )) Jifi L #E
o ARG A S B R T, A
RUIBEANE R AT — P L, REBRR
HE AT HE— 2D BRI . 1 iR T8 bm o] X BAT 45 BEK ST F
MBI TP, RIRAE S B, X ARk e A it 15
B HR. T FiddEhs, BOEHIEE . BHFA R K&
A 7 HE A 2 WL M DAk N4 s A ] FH B i U3 A HEOK
-, SEELEBRA R L A TRMR A R

5 AR BRI RR

it A B )RS 28 = Fh e PED IR
ek BRI AT 2027 ATl fof it ) RN ek
FELEE Ml R WORI T, 5k B8 IR RL AL RE S A MR
X - BER W TH AR, TR A BR B b R A A R i i
BMIERR, A A RA R, EEW
YEDI WO . NERHATE EZEMR NG (1
A . HIEAPLURECEE LY E ) AEAE A
ROCELR % 18, Wl <Rk (2 k. i,
N,O HEji ) Blbke 548 0 S8 2 th /R = 2 AR X )
RERME, AR IEs . fEA R LM T, Mk
RIEEFEMX W TR THNEA LR, A
RaIFAARE o AR S A S A T E A A
(AnTEAT R - 358 T B0t e B BUR R RNESE )
T, AR IR KR A SR oo

% T e &P AMEAE & (Right amount ) b, &
P S 3 A0 455 LAt = A>T T, R IE A Y R A R
( Right type ). TE#AAYHEAER ] ( Right time ) F1IE#f
Bt A 7775 (Right place ), EFR EFRA “4R” PR
s AR U T AN R RS B, i S
W, NCEE SEBGRT B8, B ke TR
BEEL RN NS ERN . R e S A, )
it AR H B RUIE BB A8 1 VR 9 58 20 USRI, AN 55
Kt R AR AR R RO SR AT — 1
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M4 N rate: 300 kg-hm™ B W it N rate: 230 kg-hm™ IR it N rate: 230 kg-hm™

ZUEH S N loss rate: 40% Wrong N P 2% N loss rate: 40% Proper N ALK N loss rate: 22%
reduction management
PR Lossed N —> KA LossedN  —> k;lgn,;
bt A Py | <8
% Lossed N ——> B 7 s Saved ‘Z{é
//'-1’ T A, Save e 7 7
W Saved N —> 7 %%

YESIM ISR Ve IRSR YEDI ORI
TR A —> [ TR A g 138 TR A —>
Crop N & Soil N Crop N & Soil N Crop N & Soil N

eSS AN = A B RiaEsil

Conventional practice

P4t Yield: 10 thm™  NFAR: 60%
P PR HUIE T A5 ARy, ST

high environmental cost

Reduced practice

7= Yield: 6-7 thm™
PR PR R, ] BRI G E FREEARM R
Notes: High yields, soil fertility maintained at Notes: Low yields, at the risks of soil N depletion
and high environmental costs

Optimum practice

7248 Yield: 10 thm™?  NFAR: 78%
VM PRI R AT A5 B4k, PR
Notes: High yields, soil fertility maintained at
low environmental costs

NFAR: 59%

1:: NFAR fRFEZANHHE . Note: NFAR represents nitrogen fertilizer availability ratio.

B4 ERAES M WA B (RS Ju Al Zhang!'™)
Fig. 4 Right and wrong model of reducing N ( adapted from Ju and Zhang!'? )

it A 1 = H bR 3 e S S AR i — 2P D R
RiUR . EIEZAREY WA K, mRR
SR B Bt A A el A 4 i — R DR (il e
T &R AR ), FPROHE & RS, 5L
HIEAEN R ER PP, BB, R S AR
B AR RN E B A T TR W oK &, 2R
FZAE Y A R 2 91 M 388 kg-hm 2 Hll 555 kg-hm 2%¢;
T — S it S A AR P B, R ZRAE T 4y
ik 847 kg-hm ™ Fl 782 kg-hm > 781 R ek AU
2R K . FRE SR A G IR A, it
K S A E W AR X LUT, b T R AR
R RFE MO , A7 75 ZAS P it A
PR, X T 60 S AR R S A 8 4 28 e B 2 TR VR
WA 2 S KRS, A RESEI A 2
RIEEE R R, S5E5REUKIEE XML, @
It 7B — A Tl s i B ot A A AR, AR it 2R s
TEGHEHN, EREEHR S RGBT ( QAT T
Bl diA 3 C A REVRIBERR LA ) U7, SeEl LR
X E e R B R ARERE T SRR
KARAFFE TR, B3 R e ) U0 A 7 v K
F|AE 150~300 kg-hm™> Z[a], R AEAE 150~
250 kg-hm™? 2 i),

BrT iR “4R” JACEARSN, & M A4
SAEVNEBEFIECH LS . SR

2RIV AL A R 5 HA A A8t ( Fe RS A
ARl AR ) MR ST LN A
JE A BRI AE B B ZE RN, XA it TR AR R R
RIWACRAHREE, AR BRI, AR
Fegm s S0, Rt o R AMIGE
B UAPUERBRY IRy, XA HLAE SRS FHe Y
B DRAE A Y LA A O il AR AN S . A
PLCHLEC A, 9 st TRRIR, BEnT 4Ef + A0
PRI HLER . 0%, SRR Zen kg, SOaT
e LR Y JEHL R R 7 TR AR e ROK
PRAEYERE . 5 AR — BRI A HLEUER, 127K
R AR PR A K], A PR ]
P RIS AW AR E PR RR AR, AR AR
BEAFWIE AL AT LA T o 24 LA HLAUE R
W, dHE 2 TR R FHE R IR o ) ZE e fE, B
2 YA , WARMECRIEX VER) IR B RREE AN,
AR Z A i SR LR R AR 2, R £
BRI R R 2 =t T,

6 ZEieS5HEIL
TR A BRI HEAR, R, L he

HATH SR m =iy 12, WAhEFRIE HRT2Ek 12
AR 3 2050 4F, TR AR 90

http://pedologica.issas.ac.cn



10 +

e 58 &

12, BRI e Az & B> e, &
P AEATS SR AR R K RS S 2 AR A 7= rh R 6
AR O, S B AR AR Y HE— 2 T A B 2L 1Y
S (1) Kl 73 S AN TR] Ao 1 X Bl
X, fERX IR AICERIEY) I, RIRT R b
Bt Mas AR EIE R . EIRERIVE . N,O HEHCHI £
SEAE 3 BRI s (2) FEBCE RN XL ok
T RRAE S 7R JE AR N, 0 it Ak PRV %0 A L 3
JE AR bR, WA SR B A P UG A L
w220 sz AL s s (3) AT L g
B BORE, WESTAA E - IR IR R DR A
AW AZ BB ER, NHAREA . il &
ZNNE - ) EE SN N DS o 2 SR G A
LEATFRIAE ™ FAR | BRSO A L HEAE 3R 5 (4)
AR A% DI - A A 7 26, WESEDI ST A7
MR EE A, MR R, At A UL RE S
VRV FE 50 WSR3 FE TR 288 il X 68 LA A5 14
P A b A 5 5 B M 5t

M R S SOFAIIRG, AR I I A
BRI ATRES TR T 5 45 I B O AR A
FIBL, WIRGZM G HIER” RIBEE . BEE T E B
MR 238 Am AR HIUARAR It S 03 B 1z P
SR URS ) S e i NI T ANV e U (198
G SFORE P PR R it S0 42 i 7 45 BV L, xR AL
KA RIZAE 2 100 77 t 224710 htt, FETELRIE
A7 HE LR AT, SEUIE S | 7 B BRI DR 2 AR
B 2275 YL i) KRR MAORE 22 i K S AL

S %3k ( References )

[ 1 ] Food and Agriculture Organization of the United Nations
(FAO) . FAOSTAT Data [DB/OL]. http://www.fao.org/
faostat/en/, May 2019.

Huang J K, Yang G L. Understanding recent challenges
and new food policy in China[J]. Global Food Security,
2017, 12 (12): 119—126.

Yu C Q, Huang X, Chen H, et al. Managing nitrogen to
restore water quality in China[J]. Nature, 2019, 567
(7749): 516—520.

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

Liu X J, Zhang Y, Han W X, et al. Enhanced nitrogen
deposition over China[J]. Nature, 2013, 494 ( 7438 ):
459—462.

[ 6]

[ 8]

[9]

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

Cai ZC, Yan X Y, Zhu Z L. A great challenge to solve
nitrogen pollution from intensive agriculture[J]. Journal of
Plant Nutrition and Fertilizer, 2014, 20 (1): 1—6. [fé
ML, BIRIC, RIER. SR FREREBRAZME T IEA
V5L ET). FEAE SR SRR A, 2014, 2001 ): 1—6.]
Jin S Q, Zhou F. Zero growth of chemical fertilizer and
pesticide use: China’s objectives, progress and challenges[J].
Journal of Resources and Ecology, 2018, spl ): 50—58.
Ju X T, Xing G X, Chen X P, et al. Reducing
environmental risk by improving N management in
intensive Chinese agricultural systems[J]. Proceedings of
the National Academy of Sciences of the United States of
America, 2009, 106 (9): 3041—3046.

Ju X T, Gu B J. Status-quo, problem and trend of nitrogen
fertilization in China[J]. Journal of Plant Nutrition and
Fertilizer, 2014, 20 (4): 783—795. [FL %%, 7.
FR I A UMt FH AR Tl B 3 0. R R S
BL2EdR, 2014, 20 (4): 783—795.]

Ju X T. The concept and meanings of nitrogen fertilizer
availability ratio—Discussing misunderstanding of
traditional nitrogen use efficiency[J]. Acta Pedologica
Sinica, 2014, 51 (5): 921—933. [E K%, AIEA L
R A8 B 3 SC——He e 0 A% e UNT R FH 3R A L 15
X[J]. 34, 2014, 51 (5): 921—933.]

Ju X T, Zhang C. Nitrogen cycling and environmental
impacts in upland agricultural soils in North China: A
review[J]. Journal of Integrative Agriculture, 2017, 16
(12): 2848—2862.

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

Chen X H,Ma L, Ma W Q, et al. What has caused the use
of fertilizers to skyrocket in China?[J]. Nutrient Cycling
in Agroecosystems, 2018, 110 (2): 241—255.
Khoshnevisan B, Rafiee S, PanJ, et al. A multi-criteria
evolutionary-based algorithm as a regional scale decision
support system to optimize nitrogen consumption rate: A
case study in North China Plain[J]. Journal of Cleaner
Production, 2020, 256: 120213.

Cui Z L, Zhang H Y, Chen X P, et al. Pursuing
sustainable productivity with millions of smallholder
farmers[J]. Nature, 2018, 555 (7696 ): 363—366.
Stevens W B, Hoeft R G, Mulvaney R L. Fate of
nitrogen-15 in a long-term nitrogen rate study: II.
Nitrogen uptake efficiency[J]. Agronomy Journal, 2005,
97 (4): 1046—1053.

JuX T, Liu XJ, PanJ R, et al. Fate of I5N-labeled urea
under a winter wheat-summer maize rotation on the
North China Plain[J]. Pedosphere, 2007, 17( 1 ): 52—61.

http://pedologica.issas.ac.cn



144

S

A I 2B U S 11

[ 21 ]

[ 22 ]

[ 23]

[ 24 ]

[ 25 ]

[ 26 ]

[ 27 ]

[ 28]

[ 29 ]

Yue S C, Meng Q F, Zhao R F, et al. Change in nitrogen
requirement with increasing grain yield for winter
wheat[J]. Agronomy Journal, 2012, 104( 6 ): 1687—1693.

Wu M L. Research on effect of reducing nitrogen on yield

and nitrogen efficiency of different varieties of maize [D].

Changchun: Jilin Agricultural University, 2014. [ 3£,
P i 20 A [5) it o 36 A 7™ 32 0 U808 19 5 R T 9 [ D).
K. bl R, 2014.]

Zhang K, Qin M M, LiuY X, et al. Effects of reducing
nitrogen application rate on grain yield and processing
quality 101[J].
Agricultural Sciences, 2018, 47 (5): 24—27. [5kHE,
HER, XHE, F. WO AXFRE 101 775 KN T
i Im [J]. W RO RN, 2018, 47(5): 24—27.]
Swarbreck S M, Wang M, Wang Y, et al. A roadmap for
lowering crop nitrogen requirement[J]. Trends in Plant
Science, 2019, 24 (10): 892—904.

Zorb C, Ludewig U, Hawkesford M J. Perspective on
wheat yield and quality with reduced nitrogen supply[J].
Trends in Plant Science, 2018, 23 (11): 1029—1037.
Department of Crop Production, Ministry of Agriculture
and Rural Affairs of the People’s Republic of China.
Maximum N application rate for rice in China [DB/OL].
http://www.zzys.moa.gov.cn/, Feb 2020. [1[E A RILH1
FE] A Ml e Aot FB AR A B D . 4 K R 7 XU A
M (347 ) [DB/OL]. http://www.zzys.moa.gov.cn/,
2020 4F 2 ]3]

Li TY, Zhang W F, Cao H B, et al. Region-specific
nitrogen management indexes for sustainable cereal
production in  China[J].
Communications, 2020, 2 (7): 075002.

Ju X T. Improvement and validation of theoretical N rate
( TNR ) —Diiscussing the methods for N fertilizer
recommendation[J]. Acta Pedologica Sinica, 2015, 52
(2): 249—261. [EWEH:. B & & 0 Bk X %6 e
— M E E Y AN R TR (D], LR,
2015, 52 (2): 249—261.]

Ju X, Christie P. Calculation of theoretical nitrogen rate

of Zhengmai Journal of Henan

Environmental Research

for simple nitrogen recommendations in intensive
cropping systems: A case study on the North China
Plain[J]. Field Crops Research, 2011, 124( 3 ): 450—458.
Peng X L, Wang W, Zhou N, et al. Analysis of fertilizer
application and its reduction potential in paddy fields of
Heilongjiang Province[J]. Scientia Agricultura Sinica,
2019, 52 (12): 2092—2100. [ %%, T, JHIE,
S HETT A AT RN - NE T Y PO VLK R A ¥ g
ST P EgO R, 2019, 52 (12): 2092—2100.]
JuX T, Gu B J. Indexes of nitrogen management[J]. Acta
Pedologica Sinica, 2017, 54 (2): 281—296. [FI%3E,
BARE. ARG HMIIRT]. LR, 2017, 54(2):
281—296.]

Goulding K W T, Poulton P R, Webster C P, et al. Nitrate

leaching from the Broadbalk Wheat Experiment, Rothamsted,

[ 31]

[ 32]

[ 33]

[ 34 ]

[35]

[ 36 ]

[37]

[ 38 ]

[ 39 ]

UK, as influenced by fertilizer and manure inputs and the
weather[J]. Soil Use and Management, 2000, 16 (4 ):
244—250.

Powlson D, Norse D, LuY L. Agricultural development
in China-Environmental impacts, sustainability issues
and policy implications assessed through China-UK
projects under SAIN ( UK China Sustainable Agriculture
Innovation Network ), 2008—2017 [DB/OL]. http://www.
sainonline.org/pages/zhuanlan/SAIN%20Working%20Pa
per%20No0%201.pdf, Feb 2018.

CuiZL, Yue S C, Wang G L, et al. Closing the yield gap
could reduce projected greenhouse gas emissions: A case
study of maize production in China[J]. Global Change
Biology, 2013, 19 (8): 2467—2477.

Song X, LiuM, JuXT, etal. Nitrous oxide emissions
increase exponentially when optimum nitrogen fertilizer
in the North China Plain[J].
Environmental Science & Technology, 2018, 52 (21):
12504—12513.

Ma G, LiuWX, LiSS, etal Determining the optimal

rates are exceeded

N input to improve grain yield and quality in winter
wheat with reduced apparent N loss in the North China
Plain[J]. Frontiers in Plant Science, 2019, 10: 181. https:
//doi.org/10.3389/1pls.2019.00181.

Zhang YT, Wang HY, Lei QL, etal. Optimizing the
nitrogen application rate for maize and wheat based on

yield and environment on the Northern China Plain[J].

Science of the Total Environment, 2018, 618 :
1173—1183.
Xia Y Q, Yan X Y. Nitrogen fertilization rate

recommendation integrating agronomic, environmental,
and economic benefits for wheat season in the Taihu Lake
region[J]. Acta Pedologica Sinica, 2011, 48 (6 ):
1210—1218. [EKEk, BIBETT. KW IX 2 F hiF R
2 IR RGN RE)]. LA, 2011,
48 (6): 1210—1218.]

Xia Y Q, Yan X Y. Ecologically optimal nitrogen
application rates for rice cropping in the Taihu Lake
region of China[J]. Sustainability Science, 2012, 7(1):
33—44.

Song X T, Ju X T. Nutrient Management Handbook
[DB/OL].
Publication_Detail.aspx?SEQN=5473&PUBKEY=DFEF
7286-E3B9-408C-B024-8E71CC2D8303 , March 2018.
[RBEM, B4, =% 3T [DB/OL]. https:/www.
fertilizer.org/Public/Stewardship/Publication_Detail.aspx
?7SEQN=5473&PUBKEY=DFEF7286-E3B9-408C-B024-
8E71CC2D8303, 2018 43 H.]

Wang G L, Ye YL, Chen X P, et al. Determining the

optimal nitrogen rate for summer maize in China by

https://www.fertilizer.org/Public/Stewardship/

integrating agronomic, economic, and environmental

aspects[J]. Biogeosciences, 2014, 11( 11 ): 3031—3041.

http://pedologica.issas.ac.cn



12

+ i

e 58 &

[ 41 ]

[ 42 ]

[ 44 ]

[ 45 ]

[ 46 ]

[ 47 ]

[ 48 ]

[ 49 ]

[ 50 ]

[ 51]

[ 52 ]

Xiao RY,Wang K B,Liu Q Y, et al. Effects of N application
rate on the yield, nitrogen absorption and the balance of soil
nitrogen[J]. Journal of Henan Agricultural University, 2019,
53 (4): 495—502. [H7R3E, EIP, XIBKGL, 2. MR
TR RRE P AR L R R AT R[], TR
Fell K24, 2019, 53 (4): 495—502.]

Department for Environment Food and Rural Affairs
( DEFRA ). Fertilizer manual( RB209 ) [DB/OL]. https://
www.gov.uk/government/publications/fertiliser-manual-r
b209--2, March 2011.

Ladha J K, Pathak H, Krupnik T J, et al. Efficiency of
fertilizer nitrogen in cereal production: Retrospects and
prospects[J]. Advances in Agronomy, 2005, 87: 85—156.
Peng S B, Buresh R J, Huang J L, et al. Improving
nitrogen fertilization in rice by site-specific N
management. A review[J]. Agronomy for Sustainable
Development, 2010, 30 (3): 649—656.

Morris T F, Murrell T S, Beegle D B, et al. Strengths and
limitations of nitrogen rate recommendations for corn and
opportunities for improvement[J]. Agronomy Journal,
2018, 110 (1): 1-—37.

Xia Y Q, Yan X Y. Comparison of statistical models for
predicting cost effective nitrogen rate at rice-wheat
cropping systems[J]. Soil Science and Plant Nutrition,
2011, 57 (2): 320—330.

Rees R M, Maire J, Florence A, et al. Mitigating nitrous
oxide emissions from agricultural soils by precision
management[J].
Engineering, 2020, 7 (1): 75—80.

Sebilo M, Mayer B, Nicolardot B, et al. Long-term fate

Frontiers of Agricultural Science and

of nitrate fertilizer in agricultural soils[J]. Proceedings of
the National Academy of Sciences of the United States of
America, 2013, 110 (45): 18185—18189.

Ju X T. Direct pathway of nitrate produced from surplus
nitrogen inputs to the hydrosphere[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2014, 111 (4). E416.

Stevens W B, Hoeft R G, Mulvaney R L. Fate of
nitrogen-15 in a long-term nitrogen rate study: I
interactions with soil nitrogen[J]. Agronomy Journal,
2005, 97 (4): 1037—1045.

Zhang J B, Cheng Y, Cai Z C. The mechanisms of soil
regulating nitrogen dynamics[J]. Advances in Earth
Sciences, 2019, 34 (1): 11—19. [3K& Uk, #iE, %
PSR R R TR AR HLBE[T]. sk Bl
J&, 2019, 34 (1): 11—19.]

Wang J, Zhu B, ZhangJ B, et al. Mechanisms of soil N
dynamics following long-term application of organic
fertilizers to subtropical rain-fed purple soil in China[J].
Soil Biology and Biochemistry, 2015, 91: 222—231.
Zhu Z L. On the methodology of recommendation for the

application rate of chemical fertilizer nitrogen to crops[J].

Plant Nutrition and Fertilizer Science,2006,12( 1 ): 1—4.

[53]

[ 61 ]

[ 62 ]

[ARIE R 77 AL IS B 4 1 7 B 1 4 ()], A
EFRGREER, 2006, 12 (1) 1—4.]

ZhuZ L, Zhang S L, Yin B, et al. Historical comparison on
the response curves of rice yieldnitrogen application rate in
Tai Lake Region[J]. Plant Nutrition and Fertilizer Science,
2010, 16 (1): 1—5. RIER, KM, TR, . Kb
b DX B2 G 7 - RN ek B I 2 4 I SR L AR ).
WIS IR SRR, 2010, 16 (1): 1—5.]

Zhang X, Davidson E A, Zou T, et al. Quantifying
nutrient budgets for sustainable nutrient management[J].
Global Biogeochemical Cycles, 2020, 34 ( 3 ):
¢2018GB006060. https://doi.org/10.1029/2018gb006060.
EU Nitrogen Expert Panel. Nitrogen use efficiency
(NUE ) - an indicator for the utilization of nitrogen in
agriculture and food systems [DB/OL]. http://www.eunep.
com/wp-content/uploads/2017/03/Report-NUE-Indicator-
Nitrogen-Expert-Panel-18-12-2015.pdf, December 2015.
Zhang C, JuX T, Powlson D S, et al. Nitrogen surplus
benchmarks for controlling N pollution in the main
cropping systems of China[J]. Environmental Science &
Technology, 2019, 53 (12): 6678—6687.

Oenema O, Kros H, de Vries W. Approaches and
uncertainties

in nutrient budgets : Implications for

nutrient management and environmental policies[J].
European Journal of Agronomy, 2003, 20 (1): 3—16.
International Fertilizer Association. The global “4R”
nutrient stewardship framework: Developing fertilizer
best management practices for delivering economic,
benefits [DB/OL].
https://www.fertilizer.org/images/Library_Downloads/
2009 _ifa_agcom FBMPs.pdf, May, 2009.

International Plant Nutrition Institute ( IPNIT) . 4R plant

social and environmental

nutrition manual : A manual for improving the
management of plant nutrition [DB/OL]. http://www.ipni.
net/article/IPNI-3255, 2012.

Zhang C, Li X Q, Su F, et al. Effects of different
fertilization and measurement methods on ammonia
volatilization of summer maize in purple soil[J]. Journal
of Agro-Environment Science, 2016, 35 ( 6 ):

1194—1201. [3K8, 2=, 9535, & MHRIT= LM
FETTEXT SO 2 HE R AR R B I, Al R
2R, 2016, 35 (6): 1194—1201.]

Liu M, Zhang C, He Y F, et al. Impact of fertilization
method on soil nitrous oxide emissions and ammonia
volatilization during summer maize growth period[J].
Plant Nutrition and Fertilizer Science, 2016, 22 (1):

19—29. [XIfg, 3, D7, 5. BRAITANEEK
-3 NLO HI NH HERL 52 [J]. A8 57 5 IR =R
2016, 22 (1): 19—29.]

Gu B J, Song Y, Yu C Q,
socioeconomic barriers to reduce agricultural ammonia
emission in China[J]].
Pollution Research, 2020, 27 (20): 25813—25817.

et al. Overcoming

Environmental Science and

http://pedologica.issas.ac.cn



S

A I 2B U S 13

[ 64 ]

[ 65 ]

[ 66 ]

[ 69 ]

[ 70 ]

[ 71]

Zhang F S, Chen X P, Chen Q, et al. Fertilizer application
guideline for main crops of China [M]. Beijing: China
Agricultural University Press, 2009. [5K#m41, BR#T-,
MR, . R FEAEYRICE R M. deat: HEE
A2 AL, 2009.]

Zhang F S, Cui ZL, Chen X P, et al. Integrated nutrient
management for food security and environmental quality
in China[J]. Advance in Agronomy, 2012, 116: 1—40.
Zheng X J, YuZ W, Zhang Y L, et al. Nitrogen supply
modulates nitrogen remobilization and nitrogen use of
wheat under supplemental irrigation in the North China
Plain[J]. Scientific Reports, 2020, 10 ( 1): 3305.

Wu L. Nitrogen fertilizer demand and greenhouse gas
mitigation potential under nitrogen limiting conditions
for Chinese agriculture production[D]. Beijing: China
Agricultural University, 2014. [RE. £T HEEHI0
AR SR 0 3R K i & AN D BF SR (D). At
e hERE K, 2014.]

Wang X Z, Zou C Q, Gao X P, et al. Nitrous oxide emissions
in Chinese vegetable systems :
Environmental Pollution, 2018, 239. 375—383.

Yan M, Cheng K, Yue Q, et al. Farm and product carbon
of China’s

A meta-analysis[J].

footprints fruit production—Ilife cycle
inventory of representative orchards of five major
fruits[J]. Environmental Science and Pollution Research,
2016, 23 (5): 4681—4691.

Liang B, Tang Y H, Wang Q Y, et al. Drip irrigation and
application of straw reducing nitrogen leaching loss in
tomato greenhouse[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2019, 35 (7):
78—85. [k, FEEME, TR, . HERGG TR AT
RAI B Dol 2 9 it AR WA R R (0], ARl TR 24l
2019, 35 (7): 78—85.]

Truffault V, Marlene R, Brajeul E, et al. To stop nitrogen
overdose in soilless tomato crop: A way to promote fruit
quality without affecting fruit yield[J]. Agronomy, 2019, 9
(2): 80.

Albornoz F. Crop responses to nitrogen overfertilization:

A review[J]. Scientia Horticulturae, 2016, 205: 79—383.

[ 72 ]

[ 73]

[ 74 ]

[75]

[ 76 ]

[ 77 ]

[ 78 ]

[79]

[ 80 ]

[ 81 ]

Drinkwater L E, Snapp S S. Nutrients in agroecosystems:
Rethinking the management paradigm[J]. Advances in
Agronomy, 2007, 92: 163—186.

Qiu S, Ju X T, Ingwersen J, et al. Role of carbon
substrates added in the transformation of surplus nitrate
to organic nitrogen in a calcareous soil[J]. Pedosphere,
2013, 23 (2): 205—212.

Huang T. The mechanisms of a long-term carbon and
nitrogen input on soil carbon and nitrogen pools and
environmental impact [D]. Beijing: China Agricultural
University, 2014. [#{%. KEAmARAXS A PR EE
KA ALEI D). Jbat: PRl R, 2014
Duan Y H, Xu M G, Gao S D, et al. Long-term
incorporation of manure with chemical fertilizers reduced
total nitrogen loss in rain-fed cropping systems[J].
Scientific Reports, 2016, 6: 33611.

Cai AD, XuM G, Wang B R, et al. Manure acts as a
better fertilizer for increasing crop yields than synthetic
fertilizer does by improving soil fertility[J]. Soil &
Tillage Research, 2019, 189: 168—175.

Ma Q, Li SL, Xu Z Q, et al. Changes in N supply
pathways under different long-term fertilization regimes
in Northeast China[J]. Soil & Tillage Research, 2020,
201: 104609.

Liu EK, Yan CR, Mei X R, et al. Long-term effect of
manure and fertilizer on soil organic carbon pools in
dryland farming in northwest China[J]. PLoS One, 2013,
8 (2 ): e56536. https://doi.org/10.1371/journal.pone.
0056536.

Erisman J W, Sutton M A, Galloway J, et al. How a
century of ammonia synthesis changed the world[J].
Nature Geoscience, 2008, 1 (10): 636—639.
Lassaletta L, Billen G, GarnierJ, et al. Nitrogen use in
the global food system: Past trends and future trajectories
of agronomic performance, pollution, trade, and dietary
demand[J]. Environmental Research Letters, 2016, 11
(9): 095007.

Tilman D, Clark M. Global diets link environmental
sustainability and human health[J]. Nature, 2014, 515
(7528): 518—522.

(RERE: HRF)

http://pedologica.issas.ac.cn



