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(IMK-IFU), Karlsruhe Institute of Technology, Garmisch-Partenkirchen 82467, Germany)
Abstract:  Objective The high chemical nitrogen (N) fertilizer input in cropland soils of China has caused a large
accumulation of residual fertilizer N in the soil in the current-season. This soil-residual fertilizer N can either be absorbed by
subsequent season crops or lost to the environment through gaseous and hydrological pathways. The rice-wheat rotation is a
dominant vital cropping system in the middle and lower reaches of the Yangtze River agricultural region in China. However, the
residual effects and fate of the soil-residual fertilizer N in this cropping system remain unclear. ~ Method In this study, a '*N
tracer long-term in-situ experiment was used to continuously monitor the fate and the residual effect of soil-residual fertilizer N in
the following 17 years under non-fertilizer N application in a rice-wheat cropping system. The experiment had two N fertilizer
treatments, with 100 (N100) and 250 (N250) kg-hm™ of labelled urea (30 atom%) applied in the first wheat season, and no N
fertilizer was added in the subsequent 17 years of the rice-wheat rotation. ~ Result  The results suggested that 34.5%-37.9% of
the applied fertilizer N was taken up by the first wheat crop, and then the amount of residual N uptake by the rice and wheat
decreased exponentially in the following rice-wheat rotation years. Over the following 17 years, 12.2%-15.8% of the applied
fertilizer N was taken up by the subsequent crops (9.2%—11.8% for rice and 3.3%—4.0% for wheat), leading to the accumulative
crop N recovery of 50.1%—-50.3%, which was significantly higher than the in-season N use efficiency. We found that
22.9%-33.5% of the applied fertilizer N remained in the 0—20 cm soil after in-season wheat was harvested, which was then
gradually decreased to 7.8%—9.8% after 17 years, but still accounted for 73.5%—78.5% of the total residual N in the 0—100 cm soil
layer (9.9%—-13.4%). The cumulative total loss of fertilizer N over the observation period estimated from the isotope mass balance
was 36.3%-39.9%, which was close to the total loss of fertilizer N of 32.0%-39.2% calculated based on the N fertilizer use
efficiency and the residual rate of 0—20 cm soil in the current season. The '*N abundance of crop grain, straw and soil all decayed
exponentially with time during the observation period, which predicted that it would still take 28—37 years for the crop to decrease
to the natural N abundance background value without N application. Conclusion Overall, fertilizer N losses in the rice-wheat
cropping system mainly occurred in the current-season, and the residual effects of fertilizer N in soil lasted for a long time, but a
negligible amount of this residual N can be lost to the environment. The keyways to optimal N fertilizer management in

rice-wheat rotation are effectively reducing in-season fertilizer N losses and better utilizing soil-residual fertilizer N.

Key words: Rice-wheat rotation; '°N trace; Residual N; Nitrogen use efficiency; Nitrogen loss rate; Taihu Lake region
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Fig. 3 The "°N abundance values (

FARFEY) Year and crop
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a, ¢, e) and the fitting model (b, d, f) of grain, straw and 0-20 cm soils in each crop season
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SRR HE N E RIS, RZ LHER N HSRFEE A 0.371%, Note: Figure b, figure

straw, and soil respectively, and the natural '’N abundance value is 0.371%.
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24 EEZEMMEISZFRNEEE0~100 cm TEH

Vil

2021 R EEER)G, 472 REE 0~100 cm ][]
88, Sy M SRR 35 5 LR RAE L2 T B A
FRAE, il 5 AT, 0~100 cm +IEAE &R+
e PN R R U BRI B E R, 0~20 em £
ER PN FEERERTHMAZE, H 20~100
cm [A] 4% + 2/ +3E PN FEEHE T 20~100 cm +
HEON ARERE (0.368%), RIAMBAEAFZE L
e (E sb). &M 17 455, 0~100 cm )2
11558 88 13.4% (N100) F1 9.9% ( N250) (4] iR 4L AT
A, HEESMTE 0~20 cm 2. 5% 820 1
RN R E R, 0~20 cm 2 B E AL
e AR AR A 73.5%~78.5% (I 5¢).
20~100 cm )2 i Ek B A NEAY & Y 2=t A Y
0.35%~1.26%. FULATIL, FEEFAERET, +1E
IR FEN T EERZE, TBEERZNEE

ZEY i
2.5 RIGHIELABE R @

FREAE BT, AR E R A 24 22/ ) RIE T
RN 34.5%~37.9%,0~20 cm )2 IR BB RN
22.9%~33.5% (% 1), Ja%k 17 EREERES, £
J2 R BRI 15.1%~23.7%, AHR Y [l %
DA 12.2%~15.8%, Pi# Z(EUH 2.9%~7.9%.
DL 0~20 cm -+ 3E5% B AL AR & U7E I R
PRI R, BDRFERSr (67%~81% ) A BEAEY)
FIHT, AU (19%~33% ) fit 2k gk AR )2 13,
T AR A W s R

RIS AT, AR VE Y SR MICRFT 0~ 100 cm
+ 2 B 8% B R AT HER TR AR A SR . FEAK
NEAMEAR R 35 MERKEN, JELHBAERN
36.3% (N100) F139.9% (N250 ). %655 T4
Z /N E B ENSRA 0~20 cm 5% B RiHE 45
Y R EUIE SRR AL (32.0%~39.2% ).

EE HHENERE TEREERR
Soil total N content/(g-kg ") Soil N abundance/% N residual in soil/(% of N applied)
0 02 04 06 08 10 12 14 16 0 0.3_'?' 040 045 050 0.55 0.60 0.65 0 I2 4|1 I6 if 1[0 1[2
g 4&—0—1 a) P e b) P e c)
= 20r /,,f"""':"— 080 20 F - T
g e U L
2 401 ,fj:'l" 40F 40 F !
= 6ot A 6of 60t/
ARSS e o
Heop | LU 80 i A N100
Ly 0368 b rén é -~ N250
100L ool 1001

5 2021 FEEBLEHRRT 0~100 cm £ 2 2A (a), T PN EE (b) FEEEE (c) LK

Fig. 5 Distribution of soil total N content (a), '°N abundance (b ) and residual "N rate (¢ ) in 0-100 cm soil profile in the last season

F1 REHEUEREEERERZHEER
Table 1 Total fate of fertilizer N in rice-wheat cropping system during the experiment/ (% of applied "N)

35 ZALB AL 2

%1 AL i 34 B AUIL AR A 2 1

Qb3 N fate in first season N fate in subsequent 34 seasons Total fate of N fertilizer
Treatment o dEmmE BRE R FHERER REE EHREE
ofles ; ,‘ O RBER B
(0~20cm) * ] R (0~20cm) *  RHEmE® (0~100 cm)®
N100 34.5 335 15.8 9.8 7.9 50.3 134 36.3
N250 37.9 22.9 12.2 7.8 2.9 50.1 9.9 39.9

(DN recovery rate; @Soil residual rate( 0-20 cm ); @ Total recovery of residual N; @Unaccounted fate of residual N; 3 Total recovery
rate; (©Soil residual rate ( 0-100 cm ); (DTotal loss.
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30 RBUIESRBENME

WA KRN, s v Bt A 1 100~250
kg-hm? PN FRiCAERI T, A 35%~38%l G F /N
BRI, X ST ARIED AL, RIRS R d R4
FH N 224 2R 5 — B 19%~49.5% . 524
ZRIEFHRM L, 5202 1E 5t 1 ek /AL e
A [ SR F 23 30 452 8 o Smiith AT Chalk!™ 504 T
2Bk 83 B THRIC N JURHER AR K25 B L I, o
TR IR B AR R B R AL 4.6%, 5
=N 1.6%, FHUEH 1.1%, RRELERBER,
MB/NEWAR)G, B FKF . B=F/NEMEN
ZEIKFE AT 5% B 1 [T WS 8P 1 43 AR 3.1% . 0.8%F11
2.1%; WG, JEZIEYNT e B LA & [ CR
B s TE] A RS 28 T A8 /N o T ZRAE ) TS AR 1 it PR mT
AB R B S [B) J5 8, RS0 5% B UM 38 W o o 4 7 1
HEAHLEE, R0 g e R mr ., R
B PABAE YT A HERR B AL IR AR DGR AG, (B 2
YEY) Z A48 0 RARTCRENA S o] W, A5, 5
Z 17 AR BRI T 12.2%~ 15.8%F 5% B3 AL AE
A, R BERF RIS 50.1%~50.3%, P&
T F % Sebilo %Y K RIS R BT
FERIAE G 27 4F[R], FESRE-A/NZ Pk 2 G2 SRRk
WIHA T A 1 14.9%~16.1%. R, AR Z 0 5% 83
PEAB R BRI . T VIR E S 4 AR TP R A
INE-H BRI AR IR KB, 5 B BRA
JE [ ZR20H 14.6%~18.1%, ALAE A Y SRR %
AR 50%. SR, HETRH 6 TAEY A R 1t
FEAETH I AUE I Z i A ZUIE 5% B3 2400 % JE A
WMo Yan ZEPUA AR B RUIE A 5% B 50N AR 3.
FE ZUEF R (KT 30% ). QR H IR AR, &
A AEY 1) RFVENE I FHZET] Ik 40%~68%. I,
e A =, R 7852 K R A 5 B 5% B3
ROV, E YRS BRI, DR EY i 2
FUAFI R

A, A —Fp 4 LR RIE Y X ik B AR IR A
MR e 22 510 ARBFGE R B, 76 A — 1
- FAE W KRG AN 22 % 5 B AR AT LAY Il ICRR AN
W], ARFAE AT MK RE X 4 396 5% 53 1k A 204 [T i

REEF/ANE (E 4a), XATEEEH TRRBEAEK S
BERESBEART S T/ANES, Tk
et ok AL AR LA M s . e, ZRORE ¢ v 8 R R
Al R KRR ISR T/NE B R BRI . A5
SRR BN, AR T KERARZ/NEN 1.8 fif.
XJEH TR A K ENABE R AR, EYX+
HERCRE S5, KRR R = TN E R A
T L , 5 A iR A TR A0 5 1 7K A S 3 v 49K 43
Bt 25 BRI A b /N A K DL R e R 3
L, e W R A /K RS T 3 5% B 1 A R0 A TR i
R AFIEAESS , TEY) ™ 8 MO R G T
(1, B2), AEZFMT, VEY I R 2R
TSR A, ORI . R A
A= T A TR o 3 A B R I i DX 7 A T
W 0~20 cm + AR R, AN ARG B
T HIEAFE T HEAERT LA B 7 B, 25 s
& (Kl 6), XRMMEEZRGEA A VHENEES), #
SUNREPOR (Y UE - AP 2 S nk £ AN (14
Sh, RELELSASTERBER, BENE (132
gke ) H IS FRMERZLELA S (130 gkg ")
ZRTREZES, WHTRUIASER NREERER
FE 80 3R OSSR A 51 £
32 RBUEERNSHRESEERE

- 5% B AR RO b T AN 4R RS A LA R
HEEMEM, 4558 (K 4) B, N100 Fil N250 4b
PR /NE SR T BB R0 00 R 33% 1 22%., &
17 F5AE 5 ,0~20 cm K2 HIEIIR B 7.8%~9.8%
WIRILIE A, 0~100 cm + )2 KRFRE 9.9%~
13.4% W1 IR AAE AL, VA 5% B3 AU W] KA [T 4 7 08
RPER . RYEEYRERL . FEFFAIRZ 180 PN F 5
BRI AT 1, N100 F1 N250 AbFE T 5% LA A
8 3 1P S (5 B IS R) 240 4 45 4R 54 4F (- 3 ).
X RTEARDII, 3% B AL ZOE Y 1 3L
PG £ P HFSE 28~37 4 Sebilo 21T INIE -4 /N
EERRTHIRBUEAE LT E ML GEN L
HerpAbr, R ARG W0 A RUIE SR 205 B i
], 32 PN ] R R AS [ P 44 2 A 4 % 3% B8 A AE
RIOFFHBORANE , AHIEFE oK RG] 5% B U8 i
WA R R T4/NE, Wik, Xk
FIEL SRR [T S5 A, A5 B ) AT i 2l o e Ak,
09t FH U e 25 T % B A0 A R0 e R S Rk
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2003—2004 4F 24 Z= /N2 IR B R B SHIE ™Y, 2004—2021 4F 17 AFEZ 0 AEAF A R DT RBO R IR T 2 & ey SCike 227, il 43k
{E AR (AR o 254 M B ok A AR K B AN SR 2200 IR SR i U A B9 BE K H Zhao %8P, Note: N input includes dry and

wet deposition, Non-symbiotically N fixed, irrigation, seeding and chemical fertilizer N input in the current season. N output is the N uptake

by crops and the loss of chemical fertilizer N. The N deposition

rice-wheat rotation from 2004 to 2021 are from the published studies®®" 2%, The data of Non-symbiotically N fixed is from Zhu and Wen!

and irrigation and seedling nitrogen input are from Zhao et al'?.

data for 2003-2004 wheat from Xie*'; And the N deposition data of
30]

K6 X3MIA 0~20 cm + 4R Z RV A {5

Fig. 6 Estimation of apparent nitrogen balance in 0-20 c¢m soil during the experiment period

mfa] . KEBFFERY, ML AL e i+ 5h
PLRRIE AL, SEINPEDIXT LA R A, X Rl
PG HAR R ENE AR RO Y R, K it e —
SE L A 8 - S A g B AR IR RO R, 4
5 A A AR R A= B ) o Rl R A
WafEHEY AR, NIRRT R ILRETT, &
HOE Z2 095k B AL R BRI, 46 J6 5k B )
] R, SARBPFEEM AL R, M RIEK
FE A 30 it P ZRRE 5 00 T 3 ke B A A S 5 B Ik
[T RE 2 B . A AN R AR Rk B AL R 152
BN IR)ANTR] , H HAE 398 v )45 2 Ik ) 2 ik L+
4, R R B AL IE B b 58 LA HLEE B
AEEE L,
RAWFFERM, Tt AR RS E 7R 2 —F= ik
WG EEIREAAE 0~20 cm By HHEH, SRR R

W 60%~90%" 7 ARBFITHIESE T
%, BMf 17 4R )5, R ek gk & m e e &4 3
FAET 0~20 cm BFRIZ T, BAIER B EN
73.5%~78.5%, FWAGEEA AN G AHZ -5, &
43 D PR AT BE 2 B T KRS - B ARV Y X Y
JEJZ R TR TR, SEREE A B 2R E
B . TH R AR S R ) M X R 22 5 A R G RIS
GEIRFW], MBRRBUGRE, 4Rk RsR
T 0~20cm Wy tJzT, it 4 MAEKZE 20~60 cm
+ 2 A58 B A iR R AY 0.1%~0.9%. HK, K
T80 Hb DX R 22 A - HE R RS AR AR SR, 3R)% 14
SR SR S Ak, T ELIRE 2R )2 R IR Eh th &
W R A R AR, O A f VR Ak R e
RAEIR)Z T HE5R B R AR o5 — R H Y KRS R %
WIEY, HRZEEERIRZZ Lf2 i, J/
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EEFER 20 em LT, FESEAY AL 2 [FIRE 2 R /N
FRAMEK . R T 20~100 em )2 1351
5% B AL AR R4 0k 5 ZE VR BRI A
33 HRBUHERNHEX

T MBNEZRNEFHFEFRM 0~20 cm T 15K
R, RS S AR A R R R R 32.0%~
39.2%, XL IE A AT BERL R B AR SOE R 2R E
TaE. ABTRES R (B 5) WoRREE IR R
IR EERZ L (0~20 cm) FERNA S T
B RUR)E 8, RIS RN L1 IS A 4 K
T B HEA RS, H 0~20 cm 35 B AL AE A
FE S5 A PR 1A ] 1% 2% 1) ] 403 398 S5k BR AR AT
R Em . )G 17 ERERED, R2HHRR L
JIES 8B ek 2 g R A B AR W ORT L (67% ~
81% ), fUADER PR B AR LI (19%~
33%) (& 1) MR R 2R i 1 Al 5 A 0Ll 44
WAL BRI R A 36.3%~39.9%, HET Y
Ze/NEFAEF A 0~20 cm 5% B SRS
A 2 AR IE AR SR 32.0%~39.2%5 K
T o IXLE— 25 8 B AR R 22 e VR A b sk
B AR AR /N, AIEHR F 2R AETERAE
Z%, Zhao IS LB, KWIRE A A H A Rt 4%
Ui R . SRR RO AR R AR A R 43 ) o A A
FHHE 9.9%. 2.7%. 17.3%H 21.6%. T 4
RIGHERR TR, RIAH I Y R A Bk
WA . &R R, HFRERRSIA .
BEAR, ASHIFGE 45 5 U8 B vk 2 2 RIS e (/R
I+ HE5R B OE N R SRR R A AR B
Bhn, AT HORFIRE T A REHKE. X6
IE T E RS ) BB A SRS, BREEY)
W MSCRN - 49 5% B3 240k o SRUIE A R i 5 A
8T AN G ORI RIS AR AMEAE AT, AT
SO TP Aty 20N ) FH R IR 2 1) S B 1 0 o

AWM, sk R G S A K TRk
B, x5 Sebilo B LE R AR, HAWA
A 2 —B o - sk B AL B G AR, AR S B 27
AR, BISR-A /N RIE 2R 40 R0 TR
TR AR 8%~ 12%, ILAh, S5 —HBo5k A L
AT A GE o R A A S R B, 2
SEERATREE T (1) BKEEEARN, R
VEAR ) RIS AR, Y 2 0 B 2 A 5 it

A 0.6%~4% 7[R i3 n] 200 5% B8 AL A A
BRI (2) SR BRILAR R e T 25 sl Pl
AN . MFEREAER BT REZ, wAKSmE
TEALVER, 0k i sk B AR RE U PT RE o 2 U S A
FITE AT, R RE R EREIE R . (Har APV
G R IR 22 Fe VR A FH 5% B AR 0 20 L 2 # 2 0% =i 4
RAEWAL, MG 5 MR K BRBUE 5]
LA 0.11%. #5358 8 AL A T BeE /N A2 2
Wi e R, B TR E R RS,
SRS IRMAREAS . FE AT, X
S HES AN TG HE— A 00 . PRI, ARSI i X 5% B3
FERE A AE - 5 rh A AR 28 R ILRI I, DA
T Ay o R 458 - MR8 B LA 2 A s SR IE R 2o
OISR T

4 Z5 &

ERIAER M REZ R D, HIER R
NERAE I 22 17 4 8] 10 J5 BAEY 2R TR T 12.2%~
15.8% MWl AR iC &AL , W& 5 T &UE i 28R A
R, HHRBAIE A F R RZE L (0~20 cm)
R A DI AR ZE 48, BRI 17 )5, %
B R A A B Sk A W
73.5%~78.5%. it A RNEIEA 36.3%~39.9%H1 2k
FIEEH, A R R R AT 2, AR
HALIERTE G A E A KRB B/, I,
of A A A A B a0 EI Y LG, R TR
ZRATHIED, AR S AL REAHE, #5
YER - it .
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