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Discussing the Determination Standard of Recovery Efficiency of Nitrogen Fertilizer

TIAN Chang—yu, LIN Zhi-an, ZHAO Bing-qiang’, CHE Sheng—guo, SUN Wen-yan, LI Zhi-jie

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Recovery efficiency of nitrogen fertilizer(REN ) is an important index for the increasing crop yield and reducing environmen—
tal benefits of nitrogen fertilizer. But the determination and calculation methods of REN have some problems to study. They are lower rate
and higher variability of the rate than it should be. The long—term nitrogen fertilizer location test had been taken since 2007 to analyze the ni—
trogen uptake rate of wheat year after year and the REN rate was calculated annually. A reasonable measurement specification of REN deter—
mination method was put forward. The REN measurement specification was: (1)The wheat nitrogen uptake of CK kept relatively stable after a
few years ; (2)The wheat nitrogen uptake ratio of fetilized treatment retained stable; (3)REN must be used the average of 3 years of steady
period value. With this measurement specification of REN determination method , REN rate was in the range of 69.2%~76.2% (Wheat )
when applied nitrogen fertilizer in range of 120~180 kg N+hm™ REN determination method should follow this specification. In this case the
correct and reasonable REN parameter can be measured. The reasonable REN can be applied in scientific research and production.
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Table 1 Soil nutrient contents

+JZ Layer HHLR OM/g-kg™ 4 Total N/g-kg™ HERLH Available K/mg kg™ SR Available P/mg-kg™!
0~20 cm 10.621 0.8315 173.013 7.311
20~40 cm 4.697 0.485 4 163.553 2.963
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Figure 2 Interannual variation of wheat N uptake

B — PP | /N R PRI A 2R 2 R A 3 A RS I
ALRFEEE R, B 2 Lk U120, U180 FI U240
JEIX AR, e I ST ERRE AR A 10 R K Wk
2, F A ST IR R R % e — M R e
PBUE , (BN T SO ES R b, ZOIE R 2R Bl 4R
Uy BAETE R, 1 LR JLAE T ey it

B RPN R PRI R AR R B AR RS B
TR, B 2 ik U0.U45.090 J& FiX—3%
it B TE 0,45 .90 kg -hm > B80T, /N ¥k
BT iR NE AN R L R R AT, HIER
FAE TR R AN it RO X A N W R R
(R RRAR , 2 5 i) SH At Ak B A RN AR P 256 5 kot B Ak
PR S R0 (0 A s T A8 A 5% i 81 Al it 600 A B
NEF AR AAAE— 2 [, T SO ES e .

23 INERBEM BRERTL

SRUE I FH 28 S5 R A 2 S i PR 22— S U 410y
(A ) R, 368 3 25 ME R 2R A0 ) A8 Ak 5 S 7 it AR Ak
P ERE, AT B0 i AU A R 2 TSR A ik
B A b RIS AR R % T 3 R IR
RIAEPRIE AL, B R E A A,

5T, 4 Pt AE 2 0 IR R AR BR 1 R A
BT R (2012 AR /N2 AR EE 3807 ), 56 5 4R
FUE6 1 AERUAEIE . M U8 120 kg-hm™ (/A2 FAE
FIFHR R b, HUE 240 kg hm™ g 3H/NEZ RUIE
—329—



RUFREGMELR-E33E5-F 48

0.9;
0.8}
0.7}
5 |
= L
= 06
> |
M 05F
_ r al"' e i
i B MR
j==<4 i &
® 03 7 — — - 90 kg-hm™
025_ ........... 120 kg-hm?
1 ssssmm |80 kg-hm™
0.1 :_ ...... 240 kg-hm’2
T T
FAylyear

3 FAEF ARFERREIZL
Figure 3 Interannual changing of REN

ARG Tt o SUIEAI TR g o 22898128 O
HEAb H /N WRSCRCR B AR D o L, R ¢
CARAEPRIEA BT o AT A 1 X R GE AE A
B, B TR A Bl R 3 o

3 3t

3.1 EEMBERTHLEEZWRERN ARERTH

Jits ANE & 120 kg-hm™ F1 240 kg-hm™ FALALHL,
AN A AR R TR E TR R A A
FRZAE ETE, i Hoit &R R 120 kg« hm™ AbF 4
NEFI 2 . — MBS 2 PR e e , A R L
ARSI, EAER R AN % A A
HR, A I 25 SR R B A 22 85T R A
N 25 2 A R RIE R B AR Tt B T
T o HOARAR IR R RUIE 1928 0 BRAR B (A 5K(1)),
N WRMAT ) R 3R i 1R A R AT J ) o TC e S it N b 2R
RS PO AL 3 3 2 — e AR B Y A, R AR
RE]—A A R R AN, A 51 25 (0 B Ak
B /INZ WA 2R 2R A B G AR B, R A U
A Z SR R A R A W] RE R — AR R
ERISE T,

Bl 2 diti AU 90 kg-hm A BRI /INGE | WAL
KHETE 2008—2012 4F AR /D, mER 3 ik
B AR 28 B4 BT X B ATh5R
JE 25 NT B 3N WU 3R 2 AR P AT
T A

() A it A A, /N A2 W U R R i AF R AR i S A
A R TEIR 5 AN TR R ANE R R0 B A T
1R, XU I B B2 DTS RIS R 2R A AP —
[ R, T EAR T R [n) R — SR A R BRI Y
—330—

RAE R HAGEEL AR, A RER A a0
FUARNEA AR IR TR 2 4EN AR RER T
THEREF R (A, 750535 1 Z AR A
RAEBRAE KIS SR . BT A ZER AR a8
FIREE 1 2055 3 ARl g Rk, g 1A
SEPENIZ A TE S

FATT L 2w /N2 7 B X RN g o oy R, R
NS 1 ARG AS R, B 1 8RSt IR X R Ak
RS 1 AR/ N =200 6 t-hm ™, (8] 2 3Bl it
RUEXTRRALFRER 1 4R/ N RPRLIA R R 20 60
kg hm? (HIJEANBERIR J— M R A « AN it U1
AN R N AR SR 2R A 29k 6 t-hm™
F1 60 kg-hm™, A YAt AL AR /NZZ 7 B FFF
IR R TR B RS (25 SR, A RE R i —
JROAE . DRI FHAR 1 AR /NSRRI AR it 3
1 2O TR U A 28t A HLAG 38 3l Ak
HUA 255 (6 BN P R B AR R I 45 1, A4 B
7 3 LA

K 2 255 oK, a5 AN BETESS 3 ARAY 4 R A
PR i, R T WD AEBRIRN AR AR 23 1% BRI
FWU R R, KA 2010,2011 41 2012 4E 3
AESE S MELAE Ry 25 ot BRI IR L R (. U0(U0=27.588
kg N-hm?) . FIXFRE ) UO, BE Ry S Bl 24 3 < e LK
SUTREA RIS AR R S50, R B AR AR
SE AR YR BE B A PR S AU R
32 miEEXEEA ARERTUEMREETHSH

B2 TR ENE R 2 2RI E0 T 3 4F, U0
BEAE A RS T [, S0 2 (R4 T3 U A
R, SCHIRERSE R UCRH 2010 4E /519 3 48
SEBMEAE R U0 fH, GRACFRA ZNE (5 ) X/
WO ZE BTk, AS [ it I ot SR ) R SR A PR Ak
WA —E MR

e N8 S 175 0, Wit A PR A AL, e TS vl
ANTYEWAERKT R, ZFHEFE TR AR, S+
BRERITT TR, NEWBR R B FEREAL, K 2 T
B /N 120 kg - hm™ 20 BRI G (2 102 4F I
I # T A1 AW 2R 8 TP 2, /N7
WS R T IR RIS A R DTk Z A, i A i
AR Z TR, TR RIER RS e, R
AR T AR I, /N W) 28 R T EOR IE AR
NEFIEREEHE AR, TS RAFE il 4

TE S5 it AR Xt 7= 5 A R v A A
AL 2 ) ¢ R ARMERR RS , 114150 —4F 28 v IR

http://www.aed.org.cn



HE E, 55 RZUEF R B AT 2016 % 7 H
P T HEAE A 2 S AN, B0 R — AN A X 3 5% B &)/ EE & (4)

ARG, AR A AN S e,
7E 18 A0 B E F# 0 A A gk
S 1AL A ™, WA FR I B . TR
JE ) FH 2t 0 12 5 B B0 45 SR 3k B4R & —AE A X AR
R A RETHE AR TS R R S5 i HLEE
e B SIS
33 T EEEMBANEERSHTEFEZ5HEMITER
EEEER
3.3.1 A EAMXEAEPRS TR S BRI A R
A

FCHE SE I A NER L SR S il
SETE 22T RS 2R B i 18 S A R LAl
B H AR ARIFIR N

JE AR S5 A1) R =R W W e 77 3 s/ Ot I - -
HESR O B i )x100% (2)

ISR IR BN AR AR R B B, ol
w2, BRSO &, A5(2)
WAl LS R .

JE AR T 5 ) P 28 = A W W M R A o I o
100% (3)

TE 1 IR AT FEAR R E B B, W M 25 A
A CDFESEH AR AKX GO —Ab 2251 22
WEITE AR (D) Ha3BE 20—~ 25 PO B A
R(U0), 7T HXT CAEBRIE] ) - [ Bz, U0 X
TR T ETE IR T W T FE IR BTy A s 3
AR o TR 1352 AR RS TR, A2 (1)
FIR A A A2, MHLS B, 250(3)
rh, BRIVE Y WO 1) R A D 25 R O S 55 A, T Al
T2 R, AR S PR EAR MR 21 1 855 4 R
flig s T H BRSNS TS, U0 {EA LL DS,
XA FE A SR

TE ISR AP T , 220805 5 B A
IR A 8k A —E 20 FEERE] 1
ST AIN P AN K ZE ) , R 0 IR 4
BRRA T IE , 5 HS IR A RN E 25 R = F AL
KK,
3.3.2 A EAMX AR TR A S R ARCE
ik

RIEA BRI B B3 E B
RNEFHZRAUZ— X EE, B 2 07 1H R PR
PE - HIHHEAL N

RINEA (% )=100x (VED RIS 20+ 32 EE AR

http://www.aed.org.cn

IR R R ER R TR A, AR 4 SR
IRIR BRI -  IB AR () p A 2 A FERIX
TR AT A 20 LR R IR IR R R
11 ELWEAE P B #E o DR , AR 40 T EL AR 4T
FEY R TR ICHR S0 i W A, LB i
PR N BRI 4 L TR 3 AR V-1 2540 Tk
ARARN:

TR X A R =L R E S T H A

THAERY LIEAR (5)
WLk B i BRI AR TR R > B
R (6)

e IR R B R AR R (BRI
FE ML AT AE A RER A R B YA, 1IRR R B
WA (ISR AR ) A8 AP R OIE A ) R
RAAHA (D) P AP IER R A A (S ) &
AR, IR RS R R s A

SNE A FT R (% ) =100 (147 W2 e HE A} 5+ . 4k
MRS ) i (7)

MAR(4) AR(S) A 6) M (7)H 1,
FUEARCR (%) >RIEF A HREBEHETE R R
A (D) FRA FEA X TR A, WA E AR
B R T AR R B o 0 By, R R AE P A
AE 7 A3 B REA RS BB A A0 E (2R
H, RIEA R AR 768 T I0E
34 ERFTEREARARTENTREN

HE T 28 FO BN O R R AR PR E AR, 0BT
THEAEXS /N W R RS F SRR B 22
TR IR R S8, A RETEAE T 26 1 T RE
T S BR LS A SR B, TR A e 2 4
ol 3 AEAIRIR AR, TS A RUE A R RS R A
— PR, A T — R, R A R 1
AR AN R I AR, L ANBEAS AN IS SR A I
AN B — B MU — e . AR TP AR A 25 2R
SRR AR LS, (HIE A RER IR B i MUHEE ; )
R A P AF (B0 3R ] ) 0 45 28, SR FH 22 0
BT RIEM AR A XTI AR, AREDLI]—
HOPSRE L e

RIEF AR A KA 3o BRI i
HARMMACIN AR . BRI iR 2 4F %) I it
FE Ak B B R i 18 2R 2 A (7 ) AN BE LS R L S
it AL, AR 2 38 a5 4 SO M) R A B
B SEPR A — MR . AT AUIE A AR -
—331—



RUFREGMELR-E33E5-F 48

S, A5 FIN BRI IR R SR BAR X RS , SR
H 3 4ELUR

55— S AL BRAE P W R R BN AR E , SO
K 3 LG o

5 = WL ATUR AR E W A7 TAE R F- 248, SC
K 3 BT

SO IR R 5 AR it AR R 90,
120,180,240 kg -hm2,2010—2012 4F % JE F) F % -
FIE N 69.5% .77.2% .69.2% 48.9% ,2008—2009
AR B F 2SS BE A 5 R 41.1% 49.9% .49.0% |
37.3% o i 36 H PR AE 19 BUIE R 307 2 R4 7
30%~40% Z [] , 5 H i K 2 50k i £l — 8002,
NS 3 4ELLS M BERE S JUIE R IR S5 0 F
/INZZ R R B R 28 T B AR 28 % it B i E LN
(120~180 kg-hm™)iEF| 70%LA I, RE % 5 1IE X 8 7%
JEHETE 1990 4RI

4 #ig

H T U AR S RO B 20, ) U A A
Joit G AR S T UM ) P 25 04 I R T 5 F A HE e A0 R
PSS AR R MR o R RIS 3300 5 3 WA A
P8 S P RIS i AER 4 Tl L, 3 ] 1) e Ry 9
S, 55 MR T vk 5 T L I Ty
o ABRFEXRINE Jr kAR 1 3 B R, e
TERTERY T E , REASARRALIE I v e 7 235 51 fit (F 1
RN DILT]

S 3 :

[ AJR B A IR ZAR B 2 53] 1353045, 2000, 9(1): 1-6.
ZHU Zhao-liang. Loss of fertilizer N from plants—soil system and the
strategies and techniques for its reduction[]J]. Soil and Environmental
Sciences, 2000, 9(1): 1-6. (in Chinese)

(2] X SFenik, A B2, X [ 3Rl T R R i ()], B =
%, 2007, 27(8): 65-70.

ZHAO Bing-qiang, MEI Xu-rong. Discussion on some crucial issues re—
lated to soils and fertilizers in Chinal[J]. Science & Technology Review,
2007, 27(8): 65-70. (in Chinese)

[3] BB, BACTE, FRMEIE, 55, AN IR ST U0 4 P A A S A ™ i
BB FE WA EACHI AR B[] 250K A, 2007, 22(4): 62-66,
70.
ZHONG Xu-hua, HUANG Nong-rong, ZHENG Hai-bo, et al. Effect of
nitrogen application timing on grain yield, nitrogen uptake and use effi—
ciency of hybrid rice in south China[J]. Hybrid Rice, 2007, 22(4):62—
66, 70. (in Chinese )

(4] U, 2455, Bt A S RERUEH AR ATEAN (], T E Al

—332—

R, 2000, 33(1): 76-81.

LI Shi-qing, LI Sheng—xiu. Estimation of nitrogen fertilizer use efficien—
cy in dryland agro—ecosystem[J]. Scientia A gricultura Sinica, 2000, 33
(1):76-81. (in Chinese)

[5] FL e, skAmal. ¢ T RIEAM M R A [T]. 48305, 2003, 12
(2):192-197.

JU Xiao-tang, ZHANG Fu-suo. Thinking about nitrogen recovery rate
[1]. Ecology and Environment, 2003, 12(2): 192-197. (in Chinese )

[6] ELlpese, WA R, XI# 4, 45, JLat B IK & /NI ERBBAER R PR

HE 2 B FE]. A E 375 LR 4R, 2003, 9(3): 264-270.
JU Xiao—tang, PAN Jia-rong, LIU Xue—jun, et al. Study on the fate of
nitrogen fertilizer in winter wheat/ summer maize rotation system in Bei—
jing suburban[J]. Plant Nutrition and Fertilizer Science, 2003, 9(3):
264-270. (in Chinese )

[7] ELIGes, X242, SRAm Bl 4/ N2 5 B FORBRARE IR R rh AR R

ZOEETIESE ] P E AR BR2E, 2002, 35(11): 1361-1368.
JU Xiao—tang, LIU Xue—jun, ZHANG Fu-suo. Study on effect of nitro—
gen fertilizer and nitrogen balance in winter wheat and summer maize
rotation system[J]. Scientia Agricultura Sinica, 2002, 35(11): 1361~
1368. (in Chinese )

(8] Ak K. o[l AR A AR (]). 32, 2008, 45(5): 778-783.
ZHU Zhao-liang. Nitrogen in soil of China[J]. Acta Pedologica Sinica,
2008, 45(5): 778-783. (in Chinese)

OV FIAR, A He, D 5, S FUIE M X VE Y ol + 3 A 52
Wi ——AREAE Y LR, 5412, 2010, 47(1): 90-96.

YU Wan-tai, ZHOU Hua, MA Qiang ,et al. Effect of N fertilizer on up—

take of soil N by crops with special discussion on fertilizer nitrogen re—
covery rate[J]. Acta Pedologica Sinica, 2010, 47(1): 90-96. (in
Chinese)

[10] FI & X, ZeAv e, Mhif e, 5. FIERIATRIEE S N R Bl & 7 i
ST UL o E 42558 47, 2010, 26(17): 210-213.
TIAN Chang—yu, ZUO Yu-bao, LIN Zhi-an, et al. Review the concept
of fertilizer nitrogen recovery rate and determination by “N tracer[J].
Chinese Agricultural Science Bulletin, 2010, 26 (17): 210-213.(in
Chinese )

(U] SRARBE, £, sk T, 55, oh [ SRR EALEA R IR S
PRERAR[T]. LR, 2008, 45(5): 915-924.
ZHANG Fu-suo, WANG Ji-qing, ZHANG Wei—feng, et al. Nutrient
use efficiencies of major cereal crops in China and measures for im-
provement[J]. Acta Pedologica Sinica, 2008, 45(5): 915-924. (in
Chinese )

(2] XS89, bR B 0GB R RCR S T SR B EE [J]. 40l
BAERFSE. 1990, 11(4): 28-34,
LIU Xun-hao, CHEN Fu. Query on nitrogen use efficiency of some tra—
ditional ideas [J]. Research of Agricultural Modernization, 1990, 11
(4):28-34. (in Chinese)

[13] P38 06 T BRI AR AR5 AR 1. B A2 255441, 2005, 16(5):
781-782.
SHEN Shan-min. A conjecture on the fertilizer recovery measurement
by field experiment[]]. Chinese Journal of Applied Ecology, 2005, 16
(5):781-782. (in Chinese)

http://www.aed.org.cn



B £, 55 UL A 000 2 MGt 2016 £ 7 B
[14] F i, Rl R RO IR 43 LSRR S A SR m (], 1382 physiology[M]. Beijing: China Agriculture Press, 1983:32-50. (in

12,2014, 51(2): 10-18.
WANG Huo-yan, ZHOU Jian—min. Calculation of real fertilizer use ef—
ficiency and discussion on fertilization strategies|[J]. Acta Pedologi—

ca Sinica, 2014, 51(2): 10-18. (in Chinese )

[15] ELIESE. BEIEit Ui i ot B i ——He e i AR ) AU 1

B 5] 13824, 2015, 51(5): 1-12.
JU Xiao—-tang. Improvement and validation of theoretical N rate(TNR ):
Discussing the methods for N fertilizer recommendation [J]. Acta

Pedologica Sinica, 2015, 51(5): 1-12. (in Chinese )

[16] Mrifie, AT, w8 58, ¢ KWIE NI AL X -39 535 2 S5 AR ™

HEAYEZII]. h AR, 2009, 42(8): 2809-2819.

LIN Zhi—an, ZHAO Bing—qiang, YUAN Liang, et al. Effects of organic
manure and fertilizers long —term located application on soil fertility
and crop yield[J]. Scientia Agricultura Sinica, 2009, 42(8): 2809 -
2819. (in Chinese)

b, HEULEL, BOAE, 5. R IR U LTI O 5 3
B&[J]. HrE LR, 2002, 35(9): 1095-1103.

PENG Shao -bing, HUANG Jian -liang, ZHONG Xu -hua, et al. Re-
search strategy in improving fertilizer nitrogen use efficiency of irrigat—
ed rice in China[]]. Science Agricultura Sinica, 2002, 35(9): 1095-
1103. (in Chinese)

(18] A2, A T5. FORA KA FR MRS B RIS AT A i 8 2

AR HEAR AL RLE, 2003, 36(1): 71-76.
SONG Hai-xing, LI Sheng—xiu. Dynamics of nutrient accumulation in
maize underdifferent water and N supply conditions[J]. Scientia Agri—

cultura Sinica, 2003, 36(1): 71-76. (in Chinese )

[19] ZLu A (JV Liebig) 25, XVHE 533 A2 TEAR A A B B AL M.

JEmT ARl H R, 1983: 32-50.
J V Liebig, LIU G L( translator ). Chemical used in agriculture and

Chinese)

[20] IR, 200E, ¥4 A6k JIBTRGEHE X A L~ ) A 7 ik e A
SEVERIREIA]. Hh AR RAE. 2008, 41(8): 2339-2346.

MEN Ming-xin, LI Xin—-wang, XU Hao. Effects of long—term fertiliza—
tion on crop yields and stability[J]. Scientia A griculiura Sinica, 2008,
41(8):2339-2346. (in Chinese)

(211 BXZRTY, BBF, skamt. fecdb i X & /N2 -5 FORFEAEIR R B9 A

FIGI 5P A()). H32%4R, 2009, 46(4): 684-697.
ZHAO Rong-fang, CHEN Xin-ping, ZHANG Fu-suo. Nitrogen cycling
and balance in winter—wheat—summer—maize rotation system in North—
ern China Plain[J]. Acta Pedologica Sinica, 2009, 46 (4): 684-697.
(in Chinese)

[22] XUSE %, A6, SR, 5. SO AU S B & K R AR A A
[T AE#2E4], 2006, 32(7): 987-994.

LIU Li—jun, XU Wei, SANG Da-zhi, et al. Site—specific nitrogen man—
agement increases fertilizer—nitrogen use efficiency in rice[l]]. Acta
Agronomica Sinica, 2006, 32(7): 987-994. (in Chinese )

[23] WANG Yuying, ZHU Bo, SHI Yan, et al. Effects of nitrogen fertiliza—
tion on upland rice based on pot experiments[]J]. Communications in
Soil Science and Plant Analysis, 2008, 39(11-12):1733-1749.

[24] Sangakkara Ravi, Attanayake K B, Stamp Peter. Impact of locally de—
rived organic materials and method of addition on maize yields and ni-
trogen use efficiencies in major and minor seasons of tropical South A—
sia[J]. Communications in Soil Science and Plant Analysis, 2008, 39
(17-18): 2584-2596.

[25] Glass Anthony D M. Nitrogen use efficiency of crop plants: Physiologi—
cal constraints upon nitrogen absorption[J]. Critical Reviews in Plant

Sciences, 2003, 22(5):453-470.

http://www.aed.org.cn —333—



