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Table 1  Nitrogen use efficiency of different mineral fertilizer application rates in a long-term field trial with winter wheat

L B RS it i CF VN .
A " X 4 S 1
N application rate N removal Tranditional N
Interpretation
(N kg hm ’2) (N kg hm -2 ) use efficiency (% )
0 26 —
Feu 13 A & Soil mining
48 56 63
96 92 69 A WAL L A G Risk of soil mining
144 126 69
i A5 iy H4 S Balanced in-and outputs
192 151 65
244 166 57 A K E A KGR Risk of high N losses

T F P S 1996 — 2000 4EF-2{H Notes: Data in the table is the mean values of 1996 to 2000
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Fig. 1 The main fluxes of N in the soil-crop system (revised from Ju and Christie!'*))
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Fig. 2 Nitrogen use efficiency calculated by balance approach for different regions or countries
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Fig. 3  Grain yield and N removal with grain in short-term (1-year) Yara field trails and in Broadbalk long-term trail in Rothamstad, UK ['®

( Cited from chapter 3 of The European Nitrogen Assessment)
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Table 2 Comparison of the nitrogen use efficiency (NUE) of short-term (1-year) and long-term trial

7R B
Balance approach with N

WA P

Difference method with
156 2 7

Experiment type

reference to unfertilized plot

Balance approach with crop N
deposition instead of
uptake in fertilized plot
unfertilized plot

EES e EEN R i HAI
Calculation method NUE Calculation method NUE Calculation method NUE
AR
100% x (167 —=74) /182 51% 100% x 167/182 92% 100% x 167/(182 +20) 83%
1-year trail
KA
100% x (152 -26)/192 66% 100% x152/192 79% 100% x152/(192 +20) 72%

Long-term trail

1) 220E AR =100% x (iR XAEW R ih ik - At & X ARS8 4 ) /i UG 52) F AR AT A = 100% < i 280 IX A5 4 8 i 4t/
33) PR A R =100% x Jiti & X AEW R e/ Oiti A & + Z VT A ) Note: 1) NUE of different method =100% x ( crop N uptake in fer-
tilized plot-crop N uptake in unfertilized plot) /N fertilizer rate; 2) NUE of balance approach =100% x crop N uptake in fertilized plot/N fertilizer rate;

3) NUE of extended balance approach =100% x crop N uptake/ (N fertilizer rate + N deposition)
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F 2] B AR G2 R AL 18.2% , 4 4k & L
34.8% , FEIE N it A i (1% 48 EE A TR 5
) ERLEM, HEFEENE, RERPIBA
A3 2% o i 3 08 n, (E RO 480 2k R H 22 00 A K FE
X —FPAR AR R P, R 7 ) I R T
BHAAE - HE R EAR X AR B & Rk . B
SR AN IR IR AT B0 4l 1 BA AR g8 RIS A 32, AR M U ]
12 AR 25 RIE R R R $8 0 B9 SEBR AR Ol o TE 43
B A 8 25 SR, 0K Wl i BR B R e S
AH L ) L3RS A A R R iR T

ORI R, R — A NE R, R
REAREE T, 2B MRS B TRH
TR R: L R IEPEAE SR A B KR AR Ak S
it A AR TR P ST, B T
Fra A R TR I A, R AR Yy =
PSR A TR LA MIEAE (R 4) . BT E &l
AR RER M T LIRS, R AR
Ax N 22.0 kg hm 77 i il 20 f2 4 4k Ak B K 2 93 G
T HHER R K B N 105.8 kg hm ~*, ik
G i A B 2 g e AL A K Ty vk e
(1220, 2 BT LA R A, SR O R R I E Y 0 ~
60 cm+ 2 AE T N 190 kg hm > B Al 4 %, ¥ 8%
Dol Ty, 75 B0 16 w4 4 A A /AT R
WER R IABAE 1 - FE IR RSB T & e A i
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A 25 16 R 7 A A U 2 A 3 I it 2L £ L
AR E ARG B AN R ZEAR I 1 17+ A SR
E RS T R IR AT R
iR Y R R BTV T 0 e w2 3N W = 7 L s 17
PRAE FF 4 1 R OF i il A i 29 %5 T it A & (N 300
kg hm %) 0k HHEA R B AR (N 22 kg hm ™*) F,
LG F R WO TR T AR & (N 50 ~ 80
kg hm %) 455 f N 228 ~ 198 kg hm ~*; {54k 45 30 4
T 4 At 480 A 24 2 T it 8B (N 139 kg hm ™)

i b+ 4E R T Bk (N 106 kg hm ™) P 2 RS FF b
FEL AL TR HF AR (N SO ~ 80 kg hm ), 45 5
N 195 ~ 165 kg hm > 3% {5 8 i #4 T[7)— K OF
3 % % KA B R RV . R XA T
H g P 3T HE RO AL A B 3 U A B0 4 B 56%
1 60% , 2 W 5 80N e 9 b 752 R G ) A 0 4t 2 3 AR
T IR A T ST U e 1 4 R AR, R ER
% S AR K,

®3 EREELENMNEFTER

Table 3 The fate of N fertilizer in winter wheat season

YE ik 0 ~60 cm + 35k B ik
iU P Crop uptake Soil N residual in 0 ~60 cm N loss
R 3 -4
Treatment N application rate Yield 0% i R ES 5% ¥ 4 B B % Bk T
(N kg hm=%) (thm~?) N uptake rate  Traditional use N residual Residual ratio N loss N loss ratio
(N kg hm~2) efficiency(% ) (N kg hm %) (%) (N kg hm %) (%)
Vi ORER
300 4.1b 54. 6a 18.2b 112.0a 37.3a 133.4a 44.5a
Conventional
Mol A B
139 5.8a 48.4b 34.8a 34.3b 24.7b 56.3b 40.5a
Optimum

EoDMTE, W—d A ANEFRCERL 2 R 2% 8% (p<0.05), FIA Note: 1) Oven dry weight. Different letter in the same column

denote significant difference between treatments (p <0.05). The same as follows

F4 ZNZRHRBFIERZASRR

Table 4 The budget of soil N after winter wheat harvest (N kg hm ™)

o fe s 1 3 e s FHARE
it 22U . . _
Ak # o R 2R d e LRSS THERRE T
N application rate
Treatment , Total N uptake Fertilizer N Soil N uptake Fertilizer N Soil N budget
(N kg hm ™)
by aboveground uptake by crop by crop residual
A 18
300 144.6b 54.6a 90.0b 112. 0a +22.0
Conventional
e
139 188.5a 48.4b 140. 1a 34.3b -105.8
Optimum

HERGRGLENELMU(ERS MEKO6), K
>J B Ak PR A A 0 A i A i 29 4 T AU (N
250 kg hm =) fin b 3R K T B (N 45 kg hm ™)
P A% FF 6 O IR UT R A A& (N 50 ~ 80
kg hm ™) |45 5% N 245 ~215 kg hm > ; 404k 45 B 4
Fed M AP o A B A% Tl A & (N 185
kg hm ™) fin b £ e R0 5 BB (N 89 kg hm ™*) FiJk
LA FF 8 BRI TR PR AT A A & (N 50 ~ 80

kg hm ) 455 N 224 ~ 194 kg hm ~*, W it
R T [ — 7K P, X Nz 2% ™ K & 3
0= NS B {26 o o 1 e s S F R 1 R S K =
W) EIR A 30 %5 B 56% F1 62% , B EA BOR AN
1o, ST S e HE — 20 Ak it AT R R AR U RE 45
2o dE IR 3 A A e L OE B A IR AUVE B
WAL A 48 T i A A O, X it 2 RE 7 R O
4 HE AL J7 AN IR BE RN 25 DL B SRR T
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Table 5 The fate of N fertilizer in summer maize season
LB LTS 0 ~60 cm 1 JE5% EZES
e e Crop uptake Soil N residual in 0 ~60 cm N loss
i N licati A Yi 1(;1
Treatment application rate 1€ % i 5+ 'P% éfﬁﬂ }:ﬁ%; 5k 5 6 % f)ri 58 TL—!' 95%;
(N kg hm ™7) (thm~?) N uptake rate  Traditional use N residual Residual ratio N loss N loss ratio
(N kg hm ~2) efficiency(% ) (N kg hm’z) (%) (N kg hm’z) (%)
R F 1
250 6.7b 52.0b 20. 8b 88.5a 35.4a 109. 5a 43.8a
Conventional
Pe b B
185 7.5a 60. 2a 32.5a 54.2b 29.3a 70. 6b 38.2a
Optimum
®6 EERURELERZESKR
Table 6 The budget of soil N after summer maize harvest (N kg hm™*)
- 93 1 e ey R
R\ L ) o .
b3 o ST N NEAHAE TR HEAHA THMARE T
N application rate
Treatment Total N uptake Fertilizer N Soil N uptake Fertilizer N Soil N budget
(N kg hm %)
by aboveground uptake by crop by crop residual
A 2 15
250 185.2b 52.0b 133.2b 88.5a -44.7
Conventional
Pe A B
185 203. 8a 60. 2a 143. 6a 54.2b -89.4
Optimum

TEA P 2] B AL B2 R, UM A 8% R 22
SIS, 32 B2 v b il 076 AR X 5k B T 1 2 IR
Gl fERRRIERMT, X ek &R A5 A T
R DX A S0 T A% A R B, W ROR R ik A Bk #F S
2 it FH R A 260 S 3 2 5 RN RL WA BIL 2 bk
JG ZEVERI T I8 23X 38 43 3% B8 A J B 4k
(X e 2 3 R oo o i R b B H e A B L) o 7E K
BRI TR s, ALY F AR
R R B AR AR o DR, O R e
AZNEM G R A F S ek . e + %
TR SR T AT AU HE AR 2 T LR R AU
FRRUET R , w2 ki B ka2 R0 s, T
TE T Z2 SR B 8 0 AR 5 W 2R s S K R 5
Pt K, DA JitE 280 E e 2 D HEA AR,
Sl R RS TR

Sebilo 25" 1N 45104 e A1 I REEAT T K ik
S ER BRI, — AR AT
U e FH A T TR B B S 4% 2 Bt D R A i A
HE ok R MR R AR o). gk KRYy = 4R A,
YEY i 1 38 0 %k AR BE A R BUR] H R 3k 2] 61% ~
65% it A 12% ~ 15% RERF R 5% 88 78 £ 3 b FH T #b

Foxt BN EE (U 8%~ 12% AR & A T Wk
Ko MXASZERTT LIE H, H— 2= 50 0 56 45 2L 1R
EVE it FH AN R 5 B8 A R s L . — IRAEE
AN A ke s L B Ui S RN WD ER 5 AN e B
ALK S 5% B R A AT A AR R - AR
J1J7 R B AR, R A AR A
B AU A 45 o w7 DL i BIAR AR K P . AU A AL
P AE 3 R SR 2 T e SR A A 1Y o

2B H SR T 3R E AR AL R A 2000 45 DLk 7E &
INAE K E AN R BRI B A5 R o R B i
BT K SR K B 0l 1980 — 1988 4E WA, 7E & /)
HRKHE ERCN IR SE R T R R it
AR | 1 R B R IR R 2 R AR S 4
AR RCR (K 4) o R85 F 58 AT 8 i
N 225 kg hm ~ it %0 i , S T 07 (8 LU, 4 it 280
BEAR ARG — 1% 2 N 400 kg hm ~* 3k E ALK B
AR B A R N 0 ~ 100 em , 3 H IR 56 % Y
TIEHEREAH 0~23 cm 0 ~70 em B{#F 0 ~ 100 cm A
G EXHE AR, HE 4 LA A
TF S, 0 000 3 1) — 2 R A7 A s, B o5 AR 2 o
(0T L B0 S 76 G i N 225 kg hm
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- ¢ {EYH ¥ in aboveground crop 5 0~100 cmE3Ed in 0~100 cm soil
Vi + L3 in crop + soil R B AY not accounted for
— Wi (fE4H EFBH in aboveground crop)  — — ZIAFR (0~100 cm L3 H in 0~100 cm soil)
90 — - -ZHR (fE4 + Liin crop + soil) === ZIIR GRIFEFIH not accounted for)
\ -
Ssb T~ »=0.000 2x-0.118x+ 85475
= W s
z ~ . R=om
2 0r "-~________ _______ A
}; .
T 60f n- Y
n
“5 : M ¢ e ’ ¢
g s0f " ‘: n L4 : n . =
N TR OO $:3 SR E - e
% 40] ' A . o jrosoe0fopi
4 -
= ] R2=0.067 5
= 4 -~ -!- R - S
Jﬁ 301 n ‘-_""_.!! i-.-
EE _‘..* - . U
20 f 00" . (B * 1@ n
[ .-y =-0000 2x+0.122 Lx+ {4 7" s y=-00002:2+0.015 3¢+40.732
n
10F R?=0.144 6 n u R*=02754
0 ; N ; N N N N ; ,
0 50 100 150 200 250 300 350 400
HNUHEF & N fertilizer application rate (N kg hm™)
100 *  fEYHL_EEBH in aboveground crop
¥ =-0.000 3x*+0.072 8x+ 78.537 L] 1/%4%41 mi;"l;:
2 == in crop+soil
90 Lhat F B F| iy not accounted for
VO N . — 20X (fEH_E#BH in aboveground crop)
80 faecc"7T RS | — — % (L3 in soil)
R s - == ZIR (EH + L3 in croptsoil)

— = 2R CGRIFHHFIM not accounted for)

»=-0.001x>+0.324 2x+ 38.288
R*=0.3382

»=0.000 7x?-0.256 3x+ 40.456
R*=04260

TCAEMILE Recovery oflabelled N (%)

L

»=0.000 2x?-0.036x+ 19.446
R>=0.0343

0 50 100 150 200 250 300 350 400
S0 A B N fertilizer application rate (N kg hm™)

e B EAEICBE R TE T Ju f Christie' *’ FfF 7% , B [ 9% 35 B0 ok JR T+ Johnston Fil Poulton''?! Note: Data of North China Plain
from Appendix A of Ju & Christie! %] , and data of Rothamstad, UK from Johnston & Poulton''?!
B4 FREARD(Ze) RS R (47) "N 7R B0 1 4 W MR |+ 5% B o I RHE 2K 3R K RUIE A 0%
Fig. 4 The ratios of fertilizer N by crop uptake, residual in soil, loss and the N fertilizer availability ratio on the North China Plain

(left) and Rothamstad, UK (right)
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AT, bt 25 it 40 82 38 i, & B 4 O A% 0 I8 A 3R
FE B 5% B A AE T B (AR R AE T 0 K
RAEG AR R AE L TL, 5% W R A TR, Bk R
—H R 20% KA. 7E A N 225
kg hm 7 LUJG , 3% [ 4 6 1% 48 U0 R 5% 16 o T
W, 5% B S 7E AV b T A0 AR SR A R AR AR R K T
MEREA R AT, T E AR ILAE 47% ~95% |, V- H){H
R TN % A5 FRECR 15% 5 B 88 R AE T0%~91% ,
YA 81% A RECH 6% o LTI LA K
B A b RUIE A 850 T 35 45 08 3 AR 10 AN E 4 4
FHRE A 458 2 3257 259 458 o [ 9% 3% 10 N 40 8 (O
Bk 29% R 19% ) o B AT B9, X S )R 5
SEJ R A P S bR A 7 o R AU A KR N X
WALTF XA K F E AR db FUIE A RCRAR Y 32 22
JEPR I« (1) i 2 ad 6 it 260 1l 1) B AR i T AL AR
(FERMER) R e; () EYE AT E
L R 7= B KPS W i 2R B PR R 255 (3) il
SR FH A H0E 28088 7 X 3 gt 2k el

FEE R RE E ORI R4 4kia 254 Tk
o DX = EAE Y bt AT A E TR D 7 0 ) &5 SR %) 3R
A B AR £ AT T A g AR
FIHRL N 35% , & kK 1% ik - RAE AL
WK 34% K VE K 2% , R FAK 5% , A 13%
A eI A (H b f 355 A A T P s sk B ) o
U 58 BR St T A Al BT ) 3 4, 0] U 1% 40
) R0 L % B R 2 R 48 % , AR SCRT
YRR AT R 48 % 38 1 4% Fh ik 42 1 46 I R 0 24
5 52% , EEREN E 2R EREL A
T A 4 b AT A TR 07 8T 45 SR, X A P
SRR 2 1 AT TR A A T, % G AU
FIFH LR 27% , A0 NE A AR AR X 5% B 249 30% , & 15
RWK 23% , W kIR 18% , WAk - 2 AY b Bk
2% o LSRR B A AR AT A4, AU
1% G5 I 250 - 3965k B R Z R 57 %, gl 2 A 3¢
JT U8 4 BB R 5T % 3 3 4% i 34 72 451 2 A e
RN 43% o A 3 A Ok g B B RUIE A
T 30% fody , HoAR BAC 8% B BB v

LA VA BT, 3R B BE AR P A KO AR
A 3R AE 50% ~ 60% 2 [6] , 81 2k R AE 40% ~ 50% 22
] AR 56 RUIE A 2R AE 60% ~ T0% 2 [, 41 5%
RIE30%~40% 2 [8] . BRI, ZUIE 5 28 R A5 8%
AR TR o B AR 2B 1) 3 B8 8 2% A7 2 24 AT Y 538 AT 55
A T 7 B K 00 0 o i BIF 5 A ) T AR B A
R DL 8 it 2 4 s U0 A BRI S (1) AR H

i A E S BRI 5 (2) S8 BUALAR Tt 20
G R THHONE 5 (3) 0 Al AR 204 il 412 o ™ i G SR
B ALR R oA T R R T R PR R AT A
APUEA AL E FRICR B A 5 o i, 3 [ A AR IE
B B ML ™ 9 T IR, 7 A P B A 8 R b
4 ZNE R AN 0, B R AR . RIS 51 5 3R
S5 1) REDRE 2 MR HE ol /), B2 28 75 e 1Y R AUFI K 1 8
BRI AL .

4 5 if

R FH 54T 22 F ARE & R AR IV 35032, 78 S B
FH AN BE TR BRL LU B 507 1 v 1K, TR I T AR AR
X BB I S5 R T i, DAKE &5 SR B SO LS R X
O 25 45 S B 19 ik BT R0 R T . A% 8 ROIE R R )
S LA 4 W A RS At 0T it A TEL AR SR L 3R T IR A
S il A U A 2 R 1 UIE T b R RN, AN
fiE 4 TP AU e X AE 7 i IR A R A T A
IR BT O I 255 5 300 o AR SCaE— 25 B T % B
JERHE R VA i L TA S AR B TE R R S T sk Y [
A 2 A R 1, SR X+ HE T AR A A ORI . B
RAC A KV 78 38 10 5 P 45 35 R AE 5 75 1Y 2L
S M AR RN 5 T A B PR Tl o iff 0
SE A £ AR AL

ARSCHE I AL RS, R RS H
B P BT HE R, 52 AR 4 6 A Ak 0 e Wi A 4 3
ROPH I BE 1, &5 2Z 40 OC 0 ANE 1) BF 5% 4 2k 1
i, B X it ) AUIE B VR A 7 00 R HEAUIE O 4k
FE IR 5 A0 B A, RIEA SCRIn R T
RN B2, A B R A 8 2 Y 4 4 -
YEYIR 2, 76 14 22 9 I 006 20 35 02 A5 0, 4 i &
SR b J5Z e 2R 3k 2R e R0, T X 3
I KRB AT SRoB 23 & 45 8 B AR A, LS50
A it — 28T

Y F H R E K AR AT e BB T AE # XL S
FUEF R A5 210 X R H 8 H @I A F L
- SRR M R B R RN R R
ST, T AR A X 2 AR R &R 76 AN R it /A5 18
HEEF R i U 2 ), £ 46 VR B AR SR IR AT
RFEUR A 48 PR T AR 1 D2 R B I R R Y A8t 2R
O, AR LB A - RIRA - R A =R Z
KE,HIEHMEE -EYKRRAEE LN T
BRI AE A SRR, T — 2 W E
P A il 2Rk R o i R Tk 3 B e Y A
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THE CONCEPT AND MEANINGS OF NITROGEN FERTILIZER AVAILABILITY RATIO
— DISCUSSING MISUNDERSTANDING OF TRADITIONAL NITROGEN USE EFFICIENCY

Ju Xiaotang

( College of Resources and Environmental Sciences, China Agricultural University, Beying 100193, China)

Abstract Since the invention and application of nitrogen ( N) fertilizer, people always wanted to measure the effects
of N fertilizer application by nitrogen use efficiency (NUE). The traditional NUE is the percentage of fertilizer N uptake
by crop to N fertilizer rate, which didn’t consider the replenishing effect of fertilizer N to soil N consumption. Due to the
defects of the concept and calculation, and the poor interpretations and understands of the results, there are a lot of misun-
derstands in the literature and daily communication. Therefore, many improved method for calculating NUE were proposed
by researchers. However, although these methods had been involved the residual effects of N fertilizer on succeeding
crops, they didn’t touch the core issue of the replenishing effect of fertilizer N to soil N consumption. Based on the main
N flows in the soil-crop system and the relationships between the fertilizer N, soil N and crop N uptake ( called three N) ,
I proposed the concept and calculation of nitrogen fertilizer availability ratio (NFAR) in this study. The core item for
NFAR is that the residual fertilizer N is regard as the replenishing to soil N consumption. I recognize that the NFAR is
50% ~ 60% and the loss rate of N fertilizer is 40% ~ 50% under current N management practices in China based on the
analysis the data from the "N tracer field trial, which reflects the high loss of fertilizer N in practices. It is possible to in-
crease NFAR to 70% ~ 90% by improved fertilizer N and agronomic managements. The NFAR expand the idea for the
effects of N fertilizer application. It would be important for demonstrating the real effects of crop N uptake and soil N fertil-
ity maintain by N fertilizer, and would reflect real loss to environments of N fertilizer application.

Key words Nitrogen fertilizer availability ratio; Traditional nitrogen use efficiency; Replenishing effect; Fertilizer

nitrogen ; Soil nitrogen; Crop nitrogen uptake

(REHRBE:HERA)

http : //pedologica. issas. ac. cn



