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The Fate of Fertilizer Nitrogen under Different Straw Returning Methods in
Maize Field of Black Soil
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(College of Resources and Environment, Key Laboratory of Straw Comprehensive Utilization and Black Soil Conservation, Ministry of
Education, Jilin Agricultural University, Changchun 130118, China)

Abstract: [ Objective ] Investigating the fate of fertilizer nitrogen in a two-season crop system under different straw returning
methods can provide an important basis for nitrogen management under black soil protection. [ Method ] This study conducted a
SN micro-plot experiment in 2020-2021 at Lishu County of Jilin Province using the '>N tracer technique. Three straw-returning
methods were set up: no straw returning(CK), straw deep tillage returning(DTS) and straw mulching with no tillage(NTS). Under

each method, two nitrogen levels were set: 180 kg-hm 2(N1)and 270 kg-hm 2(N2). [ Result ] At maturity stage, 38.0%-46.8% and
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12.9%-18.6% of plant nitrogen in the current season and the second season were derived from °N labeled nitrogen fertilizer,
respectively, and fertilizer nitrogen was mainly distributed in grains (59.8%-68.5% in the current season and 59.3%-79.6% in the
second season). The utilization, residual and loss rates of fertilizer nitrogen in the current season were 32.4%-43.9%,
32.8%-51.4% and 13.2%-32.7%, respectively. The NTS combined with an appropriate amount of nitrogen fertilizer (180 kg-hm?)
significantly increased the utilization rate of fertilizer nitrogen by 29.5%, while DTS significantly increased the residual rate of
fertilizer nitrogen in soil by 18.2%. Also, the utilization and loss rates of fertilizer nitrogen in the second season were 8.5%-14.9%
and 5.1%-14.6%, respectively. The cumulative utilization, residual and loss rates were 40.9%-58.8%, 10.4%-26.4% and
18.4%-47.3%, respectively. Compared with CK, NTS treatment significantly increased fertilizer nitrogen utilization efficiency by
18.3% (N1) and 45.9% (N2) in the second season, while the DTS treatment significantly increased fertilizer nitrogen utilization
efficiency in the second season by 42.3% under N2. For the total fate of fertilizer nitrogen in two crops, compared with CK, NTS
treatment significantly increased the cumulative utilization efficiency of fertilizer nitrogen by 26.4% (N1) and 21.8% (N2), while
DTS treatment significantly increased the total residual rate of fertilizer nitrogen by 64.0% (N1) and 72.9% (N2). In addition, the
NTS and DTS treatments significantly reduced the total losses of fertilizer nitrogen. Compared with N2, the N1 treatment
significantly increased the utilization and residual rates of fertilizer nitrogen and reduced the loss rate of fertilizer nitrogen in two
seasons. [ Conclusion ] Straw mulching combined with an appropriate amount of nitrogen fertilizer is beneficial to improve
fertilizer use efficiency while straw deep plowing is more conducive for the maintenance of fertilizer nitrogen in the soil,
especially under high nitrogen application rate, and increases the use efficiency by next crop. Both straw mulching and straw deep
plowing could significantly reduce nitrogen loss.

Key words: "°N Tracer; Straw returning; Nitrogen application rate; Fate of fertilizer nitrogen; Residual effects

AR At 2 A bR R R R R AR R 3
2020 4R ARl =48 KRR T UL ™ 400 o 4
(1 30.2%1 32.3%M, FEAFAE A Tk A F= 11 2 22 I =
T Bu N il g w i I e a8 L2y 3 - ]
THEK LML AL BORBL, R AR b
JIE R B B A ™), 2 2 - R ) — 0T
TR . TR IR A 245 A ERAY 30%, 1 H R
AHEFIFHZALN 30%~35%, Ak TRESEE (3
T 40%) Bl R H R AR IS AT . 2
KRR AR, AGE R IRIR 9%, B %
M—RINAE S Y, B H AR ak ek e,
AR Af AR SRR A H R 0 b A 25 1) A BRAGEAE , BB
PR AIEF R, BIRAR ML, T4+
AR W, MR LR L2 T | 454
IR AR 0 A B A FH S B it S 2 R R R g . R
WFIE R, AR HEES RN LR Z 2R, HHh
TEVHRE T 2 A AR, SEmiie e T R A
Y= Bl iR R A AE R A IR it P AS AT
RS R e AL, IO TR R eIk | 5 4,
JE— P R B A A PR i . SRR, fE ISR
Jiti A B T BE ARG AT 0 T BERS AR IEE D Ra =, IF
R E AR R, WAk i

WFFE R, RS AT H S 2O o ME R 20 2k 1 49
FE, IR T ZUR 0 24 R AR FPEY) P
AT DLAS R34 H A 38058 5 34 F AR B %% DI AR G

KT MR RTE LAY & g iy 21 [ A 4b
O KEHGE, #an, Quan ZPRIFREILT 23 4
PN R BRI A B, TR AR AR FR AR R Y
TR R E R R 34% . 35%F1
31%, JFHIEH SR XA, AL X A%
1o R AR BB A 2k 26 . JL IR m e 2 AR
e IX EHEE ML R, HIECRAERE Ak, A A
FREFE LT P FER, D TRRIRR,
T B EVHERILNTD + BB R, ARHER
MEBSEHFIH L R R R 31%., 42%F1
27%, I H5EGEPEM L, F5FFHE 350 BT IER
REFHRBERE 15.8%, FRRED 24.3%,
XU PHU A A LR RORFgT R, AR AU oK
R F R . 0~40 cm 5% B R M % R4 5 K
33.4%~51.1%. 41.8%~59.1%F1 4.2%~13.0%, H
AEFHR, R g TR LM 7T, +
HRA R MAR LM EERNRZ —, Bk
BN R AT IS AR Ak S R, i gR R
JERH UL B 4 g SRR B R OK Y 24 R BRI RSOR

http://pedologica.issas.ac.cn



508 + b1

=

61 %

ik 47.6%~60.8% "1, FE M 4 Tk LAY 3 4R BB
A3k 61.1%", Smith F1 Chalk!"™ .45 T iAWY,
T —FEY TR B IR AR A AR L 10%,
B J5 A TR ALK

H AT, A b FRFSFF 2230 1 5 2 DL S 2 26 A
TRBIAE I R 32, Sk 35 30 T ) A 3 1F 49420k,
Wk b F K A2 R AR, e R R RE SO
FEFFURBHIA AT BRI A 8, BOnFLBE, @A
TR R FE G A S T HR BE I TR Ay, B+
AHLF A AR U7 R EE Oy 2 3K AR
W ARR, s SE IR E T M ES,
2 S A oK R [ RS AR B 5 5 AR R R R 2%
[ G 7 4% B A5 XA AT A O A (T 2 H
A AT PRAE . L, ASEFFE A R S X
RIGAHSE A, R PN REE I, WA RS FRk
FH 75 =X 3 22 W0 2R 1 P BE R AU WOBOR A L et
RAAE PR B R, DI SRR R
(18 8N A BB (AR 2 A A

1 bPR i

1.1 KX HER

I T 2020—2021 4E7EH AR AR E i [E R
R 2F T ARBLR S50 36 (43°16'N, 124°26'E ) #H47,
TR X ol g T 2 0 Bl P 2 XU, AT 4B
KN 614 mm, VI 6.8°C, ik -5k
A, W5 HREE R AR N . pH 6.1,
AHHLF 189 gkg', & 1.27 gke'. WA
84.0mgkg' . A4 R W 239 mgkg' . &M
183.0 mg-kg ',
1.2 Rt

RGP RIS [ AS FEAE B =X, BIRS AT R #
WH (DTS) MA#FE A H (NTS) PLE TR FF
i O BB (CK )5 B Ahad 7 20T 3 A it
AR, B & 180 kg'hm 2 (N1) Fl 270 kg-hm
(N2). HAMEBER 3 &, 3t 18 A~/NX, /MXH
Bl 144 m?* (7.2 mx20 m ). FIENIRE (& N46% ),
FHREGEL 12 BorntA, Ak i w55
(P,0516% ), FALAAAAE (K060% ), Jifi it
990 kg-hm?, ENEEABLEIERT— IR PERA . R
) K SR R B 99, Fie 2 13 R BRI 65 000 £ .

I IX KR FRAR 0, oM. FOK T4 5 A
AR, 10 A WDBER

R WEIRE AL SR R ), RS /NX IR E X,
FFE ON JRESREE, X R R A R, T RLR
0.6m> (1 mx0.6m), AN 0.45 m, HHIX
FPAE 4 B K. BIX Pt E B 10.11% 09 PN fRid
R#E, HH . RS KXAHE, % FEYiE
AR AN,
1.3 MEBMEKRFE

T KRR E BRI N B b R AR 4 B
PN ARG R, RO BN ZERT L IR kR, AR
Rl T o AR HIRRFE M BT 105 CHEAR
A7 30 min, RJEET 70°CHIMLA P T 2E T,
I BT o o B — 50 43 BRI o R S P AT A BRES HIL
(XGBO4 A, #EGfES, KEFNIMAEARAF)
BEWE, & 0.15 mm i, HTFMERSTL2A SRS
PN FERE . EEAIXEER 3 A, AEREHR 4 em
F BSR4 0-100 em HHERESY, B 20 cm — 2, IRH
3 EIERERIRA N 1 MRER . BUREE, RREL
FEFLAME BOAR R ) 3 e . RS, DMRIE RIS
B A E T R R, e R R L R PN
X2 TS Y, e FARRAT X BURE (7 8 A T 5
ide HHERERNTE, B 0.15 mm ffi, FHFM
FEAEN PN ERE AR A A AR PN
F B3R FHELIG E AL (KDY-9820 A, KETUO,
Jent @ e LR R A BRI AR ) FFALZR BT
%4 ( MAT-253, Thermo Fisher, [ ) fll5E .
14 HEAESHES

M BR W A i/ (kghm? ) =A%k T 9 i &/
(kg-hm™) <A PR/ (gkg') /1000

PR Bl P R ORI TR R U LE 5] Ndff

Ndff/%= ( JRAE S PN FE-N AR FRE)
/ CHER PN EFE-PN HREE ) 100

FRR R OR A R LE ) Ndfs/%=1-Ndff,
A, Ndff, Sy Ak T R FOR IR T AL AR L
THEREAH PN ERAM R/ (kghm?) =1

JZIESE /em x HHERT/ (grem”® ) x BHKIE/ (gkeg ")
XNdff,%100

http://pedologica.issas.ac.cn



2 1 FAFIRAE . ANTRIREAT I 5 2R 2R oK AR AR 25 10 509

U, NAff O 3 R ZOR I T AR HL ]

AE B 2R 3R %= 1E W B8 R AW 0
(kg'hm™) /IEAREE & / (kgrhm™) x 100

ECRE 5% B R /%=t 3 P IR R A AR B R
(kg'hm™) /IEAREE A& / (kgrhm™?) x 100

AR BIKF Y% =1-IER AR /% —IERHA
A E

BARALFHR ] DPS 8/ AUR 7 22534 ANOVA ),
AbPTE] £ 5 R B/ B 221 (LSD ) i A7 ke,
P<0.05, 3CHH Origin2021 #{4F k41K

2 R 51

2.1 HEHEERERERREEKERENSS
2020—2021 4F 4% kb BR T oK OFF R = 4 0 o
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Table 1 Ratio of nitrogen source from '°N labeled urea (Ndff,) and soil (Ndfs) under different straw returning methods and nitrogen application
rate

HERLF= SR R
Ndff,
i " Ndfs Grain yield Total nitrogen uptake
AR REFREH 7Y 1%
/% (2020) / (kg-hm™) / (kg'hm™)
2020 2021 2020 2021 2020 2021

N1 CK 38.0b 13.8a 62.0a 10 395b 11 073a 160.1b 163.5b
DTS 38.0b 13.7a 62.0a 10 735b 10 808a 167.3b 172.6b
NTS 40.3a 12.9a 59.7a 12 527a 11 390a 195.9a 207.5a
N2 CK 46.8a 13.4b 53.2b 11 303ab 12 519a 186.8b 170.4b
DTS 46.3ab 18.6a 53.7ab 11 138b 11913a 223.5a 174.8b
NTS 44.1b 15.1b 55.9a 12 473a 11 821a 228.7a 222.6a

T [ —FUARE/NG FRER R TEARRDE F S W RS FFE 7 208 22 57 3% (P <0.05), Ndff,: AP AR K T ICRHE M 65
Ndfs: MRAZE R T LA B] . T 1A, Note: The different lowercase letters in the same column indicated that there were significant
differences between different straw-returning methods under the same nitrogen application rate ( £<0.05 ) . Ndff,: The proportion of nitrogen
in plants derived from fertilizer; Ndfs: The proportion of nitrogen in plants derived from soil. The same as below. (DNitrogen treatment

Straw returning method.
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The distribution of "N in maize organs /%

T NI1: fli%ht 180 kghm™, N2: Hi%4t 270 kghm®, CK: JERFFIEH, DTS: WHILH, NTS: %#rE0H,. T, Note:
N1: Nitrogen application rate 180 kg-hm 2, N2: Nitrogen application rate 270 kg-hm 2, CK: No straw returning, DTS : Straw returning with

deep plowing, NTS: Straw mulching with no-tillage. The same below.

E 1 ARFEFFEE R Y206 A R N bR ZUIETE 96 2R R 4525 B 1 o A
Fig. 1 Distribution of "°N labeled nitrogen fertilizer applied in different straw returning methods in different organs of crop plants in two
seasons
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application rate ( P<0.05) .
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Fig. 2 Distribution of residual '*N fertilizer in 0-100 cm soil layer after maize harvest
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Table 2 Fate of "N-labeled nitrogen fertilizer applied in the current season under different straw returning methods and nitrogen application
rates in the two-season crop system

F I kS PRF
SFUIE Ak 7 FEFFI 7 3 Utilization rate/% Residual rate/% Loss rate/%
2020 2021 PR B 2020 2021 2020 2021 FAEEET

N1 CK 33.9b 12.6b 46.5b 41.9b 16.1c 24.2a 13.2a 37.4a

DTS 35.4b 13.1b 48.5b 51.4a 26.4a 13.2b 11.9a 25.1b

NTS 43.9a 14.9a 58.8a 42.8b 22.8b 13.3b 5.1b 18.4b
N2 CK 32.4a 8.5b 40.9b 34.9b 11.8b 32.7a 14.6a 47.3a

DTS 38.3a 12.1a 50.4a 39.7a 20.4a 22.0b 7.2¢ 29.2¢

NTS 37.4a 12.4a 49.8a 32.8b 10.4b 29.8a 10.0b 39.8b
Nitrogen treatment, (2Straw returning method, (3 Total amount of two years.
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