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Abstract:  Objective Wuchang and Changshu are the representative production areas of high-quality japonica single-cropping
rice in Northeast and East of China, respectively. However, the amount of nitrogen (N) fertilizer required to maintain a high yield
in Wuchang is usually much lower than that in Changshu, but the agronomic use efficiency of fertilizer N (AE) is higher than that
in Changshu. Different hydrothermal conditions, crop varieties, farmland managements and soil types in these two places make it
difficult to identify what causes such regional differences. To explore soil factors' influence on NUE, black paddy soil (BS) and
gleyed paddy soil (WS) were collected from the two rice fields. = Method There were three N treatments as follows: no N
treatment (CK), low N rate and high N rate (N 150 and 300 kg-hm 2 with '°N urea). A rice pot experiment was carried out in
Changshu National Agro-Ecosystem Observation and Research Station to compare the rice yield, NUE, and total N loss between
the two soils. The characteristics of N mineralization in the two paddy soils were also studied through a three-week indoor
anaerobic incubation experiment.  Result The results suggested that the rice yield, agronomic fertilizer N use efficiency and
above-ground N uptake of BS were better than that of WS among these N treatments under the same climate, rice variety and
management levels. The NUE of BS was higher than that of WS by about 20.0%-28.7%. However, the '°N recovery efficiency of
BS was only higher than that of WS by about 5.56%-8.01%. Although the above-ground N uptake by rice increased after N
addition in two soils, the N increment of BS from the soil source was 95%-215% higher than that of WS. Also, the increment of N
taken up from the priming effect (difference of above-ground plant N uptake derived from the soil between CK and the
corresponding N application treatments) of BS was 173-354 mgpot ' and 88-113 mgpot ' for WS. This observation was
consistent with the results that the soil N mineralization amount of BS was 0.95-2.49 times higher than that of WS after N
application in the anaerobic incubation experiment. Thus, this result indicated that the N application had a greater priming effect
on the increase of N supply in BS soil. Also, the total loss of "°N fertilizer in WS soil was significantly higher than that of BS with
the increase of N application rate in the pot experiment. ~ Conclusion Overall, the high yield and NUE of BS may be related to
the fact that N fertilizer could provide a greater priming effect and maintain a higher soil N retention level. However, the rice
yield of WS depended more on the N fertilizer input due to its lower priming effect of N fertilizer and had a weaker ability to
retain fertilizer N. Thus, the soil is an important factor influencing the difference in agronomic use efficiency of fertilizer N and N

use efficiency in paddy fields.

Key words: Agronomic use efficiency of fertilizer N; Fertilizer N use efficiency; '°N trace; Priming effect; Mineralized N

RFEBRREA A TR BRI R 5, it A
B4R KRR A R AR . AR, FREIRR X
HAEHAELAM SR 2ZFE R, K=MF R
VR R E A KRR A X, 2018 AR KRR HE AR
BATH S 2N 352%, Ba - ek E L
37.7%M. BIIXRE H A P AR w4, AN 7 818
17785 kg'hm 2, R T4 EFH{H ( 7 289 kg'hm )1,
RS R RSB A B SR AR AN,
30 AR AR IR FH A F 2 R R 159 kg-hm 2,
K = A R0 5 ik 279 kgrhm 2, 9 X B A 7
1 CHAAERLE A AT FUR & 7= ; Partial factor
productivity of fertilizer N, PFP ) 5%/ 54 kg-kg ' N

135 kgrkg ! NP ST KRS -34S AH T, Py PFP
25 57Uk W AR b A EH A7 il 280 F T 38 n A AR

B 7= RO PR ANEAR 22530 % ; Agronomic use
efficiency of fertilizer N, AE) Z&FK =, A
H 7 5O B TR 0 B B sk (R AU A
F*R; Fertilizer N use efficiency, NUE ) FI{EY) £
WA R I R A (R EUNE AR RO

Physiological efficiency of fertilizer N, PE) 1, Che
WA T S A 21 AN T RS RS XA
AR AR, IR ARICREIX <200 kg-hm™ jifi 0 it
~, H AE & 18.8~23.0 kg’kg ' N, NUE i 36.8~
40.9 kg'kg 'N, PE J}j 46.3~64.3 kgkg 'N, & T
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KT R IEAE X >250 kg-hm 2 il 0 (A Y 5l
12.4~13.4 kg'kg ' N, 34.6~35.6 kg'kg ' N Fil 16.7~
30.0 kgkg ' No ghAx—45 0, AN LI AL
e X ABE R ECR & TR = AR ss . 2R,
R A e U R A8 A 0 K TS )
X, IKIRGEAE . VR Rl R A B AR TR], + 1
WANIE], G252 ) i R 5 | e N A A3 1 IX el
ZESF AR . OB A RS, R AR R
P 2R K/ T - 59 U A R AR B AR 5 AR 7 ot
i, W EEEAEY RS, 2B X R
S RUK B AR SRS BN 252 . Rk, FEAH
[F A AU SRR BT, A& R X AR A
FHRCR N+ 4825 57 I B R L ACRHE R W, A Bh
T AR AR = 1 % DXl R0 7 AR A ) 1) 1 48
JEPR L, AT A = A e A AR L RUIE = 7 m R
TR RS

T EEEY A KT R E ORI, B
AIE, FEMR RA R PR 172 Uk A 215D, 4k
R OTILTE RNt 0 K R R R A A
FEAEFR bR, 35 KR 8 77 %o 18 025 L 7 % A e
TE 52%~83% [l . X RU] AR RE =L, 2
P VR e R i 3 PR 2N A Pt S 1Y)
EEARE . ARACF =R =AY, HEA
NEREA AR 2230 — 5. B4R, AEH AR E A H 1] g
2R M) R DX R 7 AR R U R R R 25 R
TR R 2 — o e A G AR R K S PR A
eI AME AR RS, B30 A KK
K E A HLAS ™ A A R R ROk
Ji o JREAFKAE TR BA & RAR, (HKFH
FRE AT S 7K R SR 2 S B A R S A& ik &
B, MESATRAZABIET 20 mgke ' BEES.
BRIt , KRS 0 Al B B 7= A 1 Joa AT 2 A
e H L RURE T i ™) A A RGeS + A ks
TE S LA AT T R\ SE, Z2HCRAZE WK
A Wy s 3 7 pe O MR A WA 4y (( Two-pool ) F8 Uk
FIUZDIGR A 304 T . K 15 9% A — e R P L
PUT ARG HELBRES, APLES T, merE
pedmdl, BRI, THHFIEAK ST, B
Mg R E I SRR HENY . Two-pool F5Kifk A
(] Bf PR A — R 8 ) 2 5 R ok 43 i) 3R AE 5 7 Ak
M2 A + A LA 08 L3R fb R
B, HARIARE R, BT 8Ep g

Zi b, AWEITRROKE IR, A HIX
AR B AL R AR B L5 R A
SRR A RIE A FHRSCR X 25 5 2 [ A BK &R

W, R R TR X AEY L5
W R R AR AR A A R AR SR, iU 4 4
AT BB AR A, UL RE, —BimE,
PN FRCEIEIMA G , JEARIC R FE B L AL N
SN, X —VE FBERR R U A - e R s T (s
Fr /AR R s AR ) 1), g R S 85U
I PN AR IS IR A RAR T 22 (75 2R A
R el O, AR RO
BARZHCEE NN — 0 FOR R A S AR
Z IR A A ), (EAR g e A5 U7 AR
AT N XGRS SE R, 150 kg-hm 2 £ 55
AT AKREW A (IR AR ) 51
R IXAH LR K, Hig & F 0~60 em 1 )2 5% B 0
BRI . X — 5 L U I Uit A A B RE
PR . T ARIURE RSB AR, B ERA
b 0 IV S O 1w N R i w51 o S
WEIVED AT R A R i, R e IR, Pk
S 30 A B E AR 2L 3 7 AR B U A R
3Tt

YT, AR ALK = AR IX R R
FE BT 43 500 45 B0 M SRR RS . BB BROKRS
R A U A TR A R K R R B Ak
TEFIHFR PN fRic R B KR AR, L Rl
IR A )it K P T KRG A 7= o L 4 AE R
R Hb RO ) £ AR R Sk, DL
BRI 5 AR IS G = KR IK
5, WESER R AN R G 0 T PR OK ARG 1 A e
SRR RRAE LA B KR £ SR it R kAR
AR R 52w, BT R HEIER A S &ZE
FIHRCR X322 S B, O R UIE O Ak 55 3
P AL At 9 R

1 MRS

1.1 it

P AR AL F RIEVT W (44°53' N,
127°32' E ) HITHH# (31°55'N, 120°70'E ) F5H
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WA K & A 2 K AR = (BS ) i 8 A 5
WAL & B IE W S+ (WS, BiEKRE L ). 138

Fem AT G, B 5 mm fiig . fhf 11
HALPER DL 1,

F1 g R

Table 1 Physico-chemical properties of the soils

N o A Pk oA S A TEROT A Bkl OBPRL KL
Pl - Ra S 3itl
pH  Organic carbon Total nitrogen NH,-N/ NO; -N C/N Clay Silt Sand
Tested soil Soil type
/(gkeg')  /(gkg') (mgke') /(mgkg") 1% 1% 1%
A RKAE+
BS 5.6 19.01 1.69 15.74 2.59 11.2 7.68 65.28  27.04
Black paddy soil
L+
WS 6.9 22.96 1.70 16.34 38.0 13.5 2.43 76.44  21.14
Gleyed paddy soil
1.2 KFEEKIXE KEEMEAZKA PN Rt

B AR I AE VIR P AR ZS R G0 KB AR
A I 5T 3 AR E AT, 3 0 CK ). 150,300 kg-hm >
I 3 ANt UK, H A o R A B O it SR R R
MY FARIEFEX K = MK xR 30 40734t
R, SALHEL IR, FREL 10 kg IR
AR, HBRES EHOEE S, FEARM R
FARAVRE, BT I MBS IR 24 h 45 it
RAKRE SR R RE 46, FAARPIIC, B3 . K
TRER 7 R 3 T 3 X R P RO e, g R K A - 4
I THEACIRZS , IEAR4E 3~4 em A ERAK)ZE, EH
1 18] 58V T 22 5 PR R BROE IR S B K A U
o FMERA PN ARiCIRE, FEH 15%, R
AE. BEAE. FHEAE 4 . 3 . 3 AYLLBIGEAH . BEACCRA
B R SUBI VR O AR 4 iE A, i FH B P,Os
90 kg hm >, #PAE A PIVE R, ot 50% AR —
SAME LR, S0% LA LR B G, 3t
Jiti F K,0 150 kg-hm 2, /KRS ISEE Yot 384,
i FECE T FRR R 23 20 2 o T A ARLAR R i 2 G 7K
MEBFRZEBEE, T 105CRKRE 30 min J5, 75
CHETREFERE, Bkt 60 BRI, 2k +
R R A)E B S50 g HE, KT 5010t 22 BRAR &R 55,
it 100 HIfREN . HES2A S ®EHRATE S
i ( PRIMACS SNC90-IC-E) M5 ; FE&h N
JE ol IR 52 28 SBT3 23 A 36 FHAY. (ZX_2009 ) 7 .
ARG R K F

BN FETFH 40 (APE% ) = FEfER PN FRic e
LG PN EE-PN HRERE (0.336%) P

( Nitrogen derived from fertilizer, NDFF ) 2,

_ A E AR T APE(%)
JERFH I APE (%)

NDFF(%) x100;

KFEE S E R ZBE (mgpot ' )= HFEELA
FH X ZWE Ty R ERY,

KA E(mgpot ' )= KA H AR RE P,

KRR BRI E R (mgpot!) =X F 28 EAM
P x K4S A Y NDFF (%) P

KAWL IR (mgpot!) = YR -
A HE A R Y

+ 3P AR R AR B (mgpot ' )= HEETE x +
HAEAE (%) x 13 P"NAPE (%) x 100"

BRIEH A (mgpot!) = MU A kK AEK
A FE A 4R e — - A ek 2,

PN R R AUIE A H % ( PNitrogen recovery

efficiency, RE) (2%,

[ NDFF(%)x 7k i 2 21 AUk (mg - pot ) |

RE(%) = ‘ -
’ i (mg - pot )

25 9 2 W 3L A A % ( Nitrogen  use
efficiency, NUE) ',
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MUE(%) =

T4 R KRG _E 45 (mg - pot ") — o AUAL PR R _E 4% (mg-pot ')

FIA R RWHE & (mg-pot ') = Jifi & T /KA
Wi+ 4 A R TE A AL BEOK R b A R

PN 3SR R R (mgpot ') = PN R R
~RAR TR Y,

1.3 #kEEFRIAE

FREBGE 2 mm G KT+ 10 ol FFHEE )F 100 mL
HETE R, 4% 60%H A5k & (WHC) ik, BT
25CHEFA PR IE— 8. ZJ5, A FAH Y
TiA 0. 150, 300 kg-hm > PR ZE W, #& LK
1225 IiokjE, AIARICEESEAm T, JFH 704 et
IS, BT 25 CMEE A TR 3 . o iltE
BEFRmI5E 00 1. 3. 5. 7. 10, 14, 21 KpEHLEUH
3AEE, MIA 2mol L' Y KCIEW 25 mL (w: v
=1:5)4RGEE | h 5 e tEEgtatug, 4R
ML (Skalar Analytical, fithik, fif>%) X+
HENH,-N, NO; -N i, 21 d bR REE X
PIA T RRA A

N,=[ (NH;-N) + (NO3-N) ],—[ (NH,-N)
+ (NO; -N) ]y

K, N EBH AR ; [ (NHS-N) + (NOs-N)

F ot BRI S EMESA S EZM; [ (NH-N) +

(NO3 -N) lo AREFAIIR SR e SR & iz
WA 53— B F8 B AL ( Two-pool 85U AL ).

N, =N, (1—e_kflt)+Nr (l—e‘kr’)

KXrp, NN EBT AR ( mgkg!' +); N, Mk,
g 5 AL 53 B AL SR — G N H R R N,
ke RGBT AW T LS — SR
B2 o RIS (d ).
1.4 HiR4bE

SFHI IBM SPSS 26.0 Stk (R il « Kigxl i
HEUECTOMIT . HLHAS A B TR NG 2 53 B 1
(P<0.05); *RJH Sigma Plot 14.0 #fFXF R340 0"
WERIEATAG s 22KIR A Origin 2019 5 Sigma
Plot 14.0 #fF,

Jti% & (mg - pot )

5

2 4 R

2.1 KEFERREHIGSHE

Bl 1A LIE 1, CKAMEF, BS +3E KR
B R EET WS 30.5%, 150 Fi1 300 kg-hm Jifi
RACLF BS # WS 77143 3l ik 2 5 i 33.6%F125.6%,
HAENAR AR HME (AE) H17.5~182¢g¢g ' N,
BEET WS 12.0~14.5 gg ' N (P<0.05 ),

120
[ IBS pZAWS—a— J™5CR 124
Z
100 . " 120 %
~ E\ {16 &
s 80F , ¥ . %3
ﬂj; T * ) %3
LS 6ot * T . z
23 I 7 =
8 400 ; % e
= 7 R
2
=
20 g
o
2

0 0 150 300 0

Jifi% 3 Nitrogen rates

TE: BS: BHAUKREE; WS: Si+; 0. 150, 300 4
HIFR N0, 150 F1 300 kg'hm * (UIEEALEE . N R, B o8
4 WRAAREIL BV « brifide, *RoR A — il AL 3R AR £
B 45 R 22 7 W3 (P <0.05 ). Note: BS represents black paddy
soil; WS represents gleyed paddy soil; 0, 150, 300 represent N 0,
150 and 300 kg-hm? nitrogen rate treatments, respectively. The

same below. Vertical and error bars in the figure are the
meantstandard deviation of four replicates (n = 4) . * indicates

significant differences ( P < 0.05 ) between two soils under the same
N treatment.

BT 250 2 T PIRIK RS 1 K RS RL™ e b AL AR 7
FIHRCE

Fig. 1 Effects of the different N applications on rice grain yield and
agronomic efficiency of N fertilizer in two paddy soils

22 ONREEMERZERUEERN AR

150 F1 300 kg-hm? jiti & F , Wi 44 REC R PN
7 B AE R FH 3O 24.8%~36.1%22 6] , NUE( B
ZHEFRMAEF %) 7 34.4%~65.7%Z 8], RE
PR EALT NUE (% 2), KA T, BS Y RE & WS
WE R 5.56 A, T NUE W3 & il WS
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Table 2 Effects of the different N applications on '“Nitrogen recovery efficiency & nitrogen use efficiency and physiological efficiency of
fertilizer by '°N labelled & apparent physiological efficiency of N fertilizer in two paddy soils

KWk R % . .
N TN . N AL A BEZR PE of PN FW AN A: FR% PE
T4 PN R EREE A I Z RE NUE
Nitrogen rate Physiological efficiency of fertilizer Apparent physiological
Soil >N recovery efficiency/% Nitrogen use
/ (kg'hm?) by "°N labelled efficiency of fertilizer N
efficiency/%
BS 150 36.09+0.02 65.64+0.06 50.55+3.33 26.93+5.92
WS 150 30.53+0.03* 45.68+0.09* 39.56+2.79* 29.61+7.77
BS 300 32.78+0.02 63.13+0.09 50.50+3.46 26.43+8.64
WS 300 24.77+0.04* 34.41+0.07* 58.53+£3.53* 33.49+10.15

TE R EER 4 CADRTE B 197 S (HAR 22, * 0K [ — it UL 21T PIAD L 387 45 45 21 22 57 3% P < 0.05 ). Note : RE represents

"*Nitrogen recovery efficiency; NUE represents nitrogen use efficiency; PE of °N

represents the physiological efficiency of fertilizer by '*N

labelled; PE represents apparent physiological efficiency of fertilizer N. The data in the table are the means + standard deviation of four

replicates (n=4) . * indicates significant differences ( P < 0.05) between two soils under the same N treatment.

I 20 NES M. AT, BS U RE Ml NUE i
WS 73 B 25 5 8.01 Fl1 28.7 S 43 .
23 KiE LM EMENRERENRZKEBS

FSEES

0. 150 F1300 kg-hm i &AL, BS A
TR SR S W S T WS, 40l 30.2%.
33.3%F1 46.7% (% 3), it PN FridikX 13
150~300 kg-hm *Jifi & F BS /K Al 37 4 5k J5 A&
BN 1 345~1 526 mgpot ', AERRIEA SR A
211~383 mg-pot ', # WS (MR 45K 988.6~
1 012 mg-pot ™' Fll 178~289 mg-pot ') il 36.1%~
50.8% 1 18.2%~32.3%. R4 CK FIAHL 150~
300 kg-hm ™ Jifi AL B K ARG b L350+ R R R 22 (83T
Boltd, MEAUS BS KR 2 M - Ok IE A A
173~354 mg-pot ', ifif WS WJ{¥ Ky 88~113 mg-pot ',
Rt 0 B0 BS Hb bWl - AU A WS
95.0%~215%.

Wi it SR R, P e P AR SRR B AR Y
i, AEAH Rt 280 T PR AR B A e O
150 A1 300 kg-hm > & & T, BS Fil WS 410 + 358
B RN 28.1%~30.4%F01 27.5%~38.6%.

MR N A UK R b 1 RN - 1 gk
B, AR B A [ i T R I R
B (£ 3), alEH, BERtAEMN 150 kghm™
WA ZE 300 kg-hm 2, S HFD 5 L AR AU 0
S AN, (HAE BS 4 F MR 1.1 4,

M WS EHIEEA L 2.1 %, SEMHE T,
WS AERL A 0 2 B BS & 29.9%,  H 4 AT
o7 )it A Y 47.8%. X — 80 {E = T BS M AUE A
P HR (30.9%~35.9% ).

24 ENEFRT UHE:

CK AP, Wifh+3E 21 d 2R LA E WS H
23.7 mgkg ', BEET BSH 16.0 mgkg!' (K 2).
SR, AMREGIG BS 3 21k A B 75 A
Jr i, YR ERET WS, 150 kg-hm? (REKFEF,
BS M Z2MH AN 703 mgkg', B WS
(498 mg-kg ') I 1.41 f5, 300 kg-hm® & A AL FE T,
X — ZHE 4k g m ok, BS B R LA &k
162.6 mgkg ™, 1M WS AU 63.9 mgkg ', AI# G
G 154 1%

Two-pool FEEL I ( N+N, ) JEFR/R I8
RRBR S, £4TLIFH, CKAHT,
BS #) (N+N,) I&F WS, MAMNEAZBME, BS
B (NAN,) B KT WS, IRELEHH, BS b WS
£ 36.0%, TEEALLIE P BS # WS il 154.9%.
Two-pool FEEE AR N, Fl k, (XK Z) 4l 53 90~
EHFI— B R 3 s N, F kARG 0 2 1Y
WAL H— B R0 R, BS o, AR N1
T N, N AR/, IR BS 8 N, (1.66~81.0
mg'kg" ) B/NF N, (16.0~88.1 mgkg™' ). ¥F WS
M, MEKFES, NIRRT N, iiEaRL s,
N BIRT Neo
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points represent the amount of soil mineralized nitrogen, the solid line represents the relation of time and mineralized N by Two-pool

exponential model. The data in the figure are the mean + standard deviation of three replicates (n=3) .
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Fig. 2 The variation of soil organic N mineralization and fitting the soil organic N mineralization processed by Two-pool exponential model
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Table 4 Simulation parameters and determination coefficients in the Two-pool exponential models

Jite 2R Two-pool $5 HUHx 7l
+3%
) Nitrogen rate Two-pool exponential model
soil / (kg'hm?) N,+ N, N, ka N, k. R’
BS 0 17.7 1.66 0.15 16.0 0.15 0.98**
BS 150 75.9 27.5 0.73 48.4 0.13 0.99%*
BS 300 169 81.0 0.85 88.1 0.13 0.99%*
WS 0 252 13.1 0.90 12.1 0.12 0.99%*
WS 150 55.8 23.0 0.49 32.8 0.08 0.99**
WS 300 66.3 33.7 0.40 32.6 0.07 0.99**

. **FROR P<0.001 KET S AL, Note: ** indicates significant correlation at P<0.001 level.
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