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%, B ik [ H A MU AYSE I . 6T Y 2 fE
FFIA FHOGHVE ) 7= R = 398 5% R0 19 52 ] () BF 5%
CEEEZ I SEN R U TS S by S N ()
XF 5435 SR ARAL, U HOR B = 456 AR AL i X+
SR FURI AR i) FE T JR 119 22 A 7 SRR AT A TR 1938
HAMNH R . Fik, AR5 T 2017-2020 4-7£
M 2 F 08T R AS AT A 1 e A0, 255 R )
RNt FH A, 8 5 1 2L A5 FF I8 R DRl E0K ™ i
I 23 0 82 0 2R it R, R i IR T B S
BRI FH RN A Ak M 4 P L B AR
1 MRERZE
1.1 I XEER

IRIGAL IR T 2017 4% 52 4 a 72 I8 A BH I
HEAT o S X AR s TS TTALHES, U243 W, AR R
5.6 °C, AE /K& 594.8 mm, HEZ&EHE6-8 A ,
i R 2 KU, 3 SEAT R R o B — A —
& FAREER R BRI R 4 a9 T 4G T
Z b XS FF R AT O, H 0~20 em #F )2 £ 5
b N - 4R 1.07 g/kg, 2B 0.40 g/kg, &
BP18.60 g/kg, A7 %L W 34.1 mg/kg, H &% B 143.7
mg/kg, AR 16.7 mg/kg, # 5% 2.1 mg/kg, HHL
JF 23.4 g/kg,pH 5.86, 0~100 cm I3 Z K (LA 20
em i) HHER TSR0 . 1.251,1.387,1.369,1.330 Al
1.350 g/cm’.
1.2 K%t

IR FERE 0 AT, 2L 6 it 2000
0.70.140, 210, 280 A1 350 kg/hm?, 43 % ic /E NO,
N70,N140 ,N210,N280 #1N350, /NX 1 FL 60 m?, 3
UCEE S, 45 A 3L it ol et Rt 0+ — B, 43000 R 90 kg
P,O-/hm? 1120 kg K,O/hm?, EJCMH IR ZE (& N
46%0) , WL AT B AR A5 (7 P,O5 18%0) , #1 IE i FH
AALHR (5 K0 60%0) o 25 AT A0 3 40 % EE T-#%
A — W PE L, 60 %6 3717 JU9 38 it , Fr A5 5 IS
B XS HE Ry AR — R PR o %M X oK A e e
P 2 154 il o R A B RN IE L, B OK P A 9~11
t/hm?, Hijii & 7 250~350 kg/hm?®, MR PG AEFEFT
A OKOF £ Ak B R AR FS AR IR & 1 0 10 000
kg/hm?, ¥ [HEPE RS AR R AL 29 10 em K, FRE4F 11
H AT BHIE B I A 20~40 cm, F5FFAL B A4
FE R 7.0,0.5F112.1 g/kg, T KFEF

6 JTkk/hm®, B FT 25 SR8t 55 2 1l 6 K H R A
PREE—E
1.3 HEmRESHH

R B2 I B B B AR Y 2R ORIk JE 0~100
em T HEEEF, 43 0~20,20~40,40~60,60~80, 80~
100 em 542K, T FER 1] 5 55 857 B 03 FL 42 2 mm
i, R HI 1 mol/L KCI R ( - Wi [ 1:5) B4, ]
FHR 3020 57X (mulit N/C 3100)i0 & + 38 i & &%
i, Al T 105 CHET 24 h, e T3S K&

F KRB, AN X BEHC10 m® HEFT YRRk
IS8 RFRL = 5, RIS 14 %0 MIAR S KR . R 4%
/NIX BEILIE B S8 5 1 5 SRR, T 105 “CHER 2%
H 30 min, 70 ‘CHET 28 46 F i, RT3t J5 1 H 3ok A
FEFF A& . BRI I IR 27, >R HLO,-HLSO,
TH A, HIEILIE R D R A RO R AL 1
1.4 $EHRITE

FTAT Ak B AR RS FFAE 2504 EHLHAS R A0
[] , DALt , 7R3 35 OIS A1 T3 i AP A 5 A ALY
REITHAEN R TR AMERE. BTl
55 0 5 R B, SR SR BRI R R 2 R R R AR AL R
REFATE, IF 0 AR WK H T IR

AT
FPUCALE R AR 208 (kg/kg) = A X R 7 —
ANt X AR ) / SR Bt (1

SRR ER R = O R XA R B AR AR 2R
Al A DR PR B R AR R/ R AR A R X

100% (2)
KB R F A = 1 (kg/kg) = A X R ™ 5/
Rt 2R (3)
REFMEBE A= RPUE A — Rk 1 R
F) /AR SRR A X 10026 (4)
TR B A (L 20 em 43 )28 (kg/hm?) =
4 7 T 20 X B R AL BE /10 (5)

SR E R WH 1k 8 (kg/hm?) = /i 20 XA Bk e, 135
SR R AR X T R R R B e — AR A(X
HOR IR A (6)

BB 2 FUAR K B (kg/hm?) = B AU AU + 0k
TR AT BT 2 4 IR R RO b i — AR AR 5 R AR 2
R L A 2 B A (7)
1.5 ZIELE

IR B0 K FH Excel 2010 43, SPSS 23.0 #£47
Geito#r , 2R H SigmaPlot14.0 #4F.
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HEATHTHEREXN EX =2
FEFF 0 R bt 20 0 T R OK T (R
1) BEE ZNEFH R ARG, 45450 K7™ X it 2
4 e S0 R — 3, B A N S TP AR G, &
it Ak B 5 G HE LD B P X 4 7 i R 28.5 %0~
73.2% . EZE 4 a TR BILIN210 A3 Ry e m , oF
¥ 12 331 kg/hm®, it 0 5 M it 210 kg/hm”

2.1

F, L O FE G0 i e 2R ek v e AR TE —
TR R T A7 o I 9 A XU, JHE e N210 b 11 SF- 3
PR3 ) b N280 1 N350 4b B i 119 kg/hm? Al 213
kg/hm?, 156 W 7EFS FF 38 B 250 it 2 dt i o — 2
LT AN BB W 35 38 I A5 oK 7= f o AR A X 50 b X
(18 A B >0 MBHE it v RS 38 AN I it 2R a3 A
250~350 kg/hm?*"7!, Hip= 4k 9~11 t/hm* %) 35 8
TE 12 M XS FF 3 TC it 4 2 1) 28018 7 PRk 7 2 1Y
HIEE T, AT DAt 35 AR AUIE 4

®1 BHTETARERELENERTE
Table 1 Yield of maize with different N fertilizer rate under straw returning
Jb =4t/ (kg/hm?) Yield BapEsR ) v
Treatments 2017 2018 2019 2020 S Average Increasing rate
NO 8 504d 8 364d 6 934d 4 682d 7121d -
N70 9 686¢ 9 795¢ 8 906¢ 8 208¢c 9 149¢ 28.5
N140 11 729b 10 780b 10 868b 10 338b 10 929b 53.5
N210 13 262a 11 940a 12 180a 11 942a 12 331a 73.2
N280 13 028a 11 817a 12 139a 11 867a 12 212a 71.5
N350 12 872a 11 790a 12 091a 11 718a 12 118a 70.2

T« R SEUE G ARG B 3R 45 A B TR) 22 53 35 (P<<0.05) , 1Y 7 28 2% it 20 Ak B AL T it b B A 7 B39 EE 1) . Note : Vaalues fol-

lowed by different small letters in the same column mean significant difference among treatments (P<0.05). The increasing rate is the mean yield

increase rate compared with the NO treatment across all four years in straw-returned.

B G A4 FH AR B A AS T 385 o, A5 AP i /R
AR IO 25 1 P W W R, AT 381 g 8 7 B 1Y
e At N 2 S R 3 (R 1) o A HZR AR & 8L
RPLE ER= 8 SR EN LR, S8R Eok
7 i it R M 2017 4F (1) 203.8 kg/hm? T R 2020

16 000 2017
T 12000}
—
£ 8000
1Y)
< ¥=23.033x+8360.89 (x<203.75)
Jul =
ﬁmj soook  ¥=13054 (x2203.75)
R'=0.9024**
0070 140 210 280 350

it L (kg/hm?)
Fertilizer N application

AFRE 171.5 kg/hm?, AR B 1A 1) 15800, R MRS AT
i FT 3 A NS P AN SR AT 5 A 3 ™ R
(7] Ff 4 300 ) A T ae T AT — 205 e R ZRUME o, (LG
FFRER BRI 2 — i I 18] JE it A RE At 23 VE P I U
A N AEE H R AL

16 000 2020
= 12000
Pl
£ 3000
B0
< y=40.330x+4915.56 (x<171.46)
ﬂﬂiﬂ 400 y=11849 (x2171.46)
R =0.9254**
%70 140 210 280 350

it L (kg/hm?)
Fertilizer N application

Bl HHTHTHEAESEKRTEXR
Fig.1 The relationship between spring maize yield and N application rate under straw returning

22 BHEHTARBEREMNEXIZZFAEY
=1

FEFFIE R il B X R REAE K
FROR R BEER IR A BB R R i A2 T 15
M 343K 3 T I /K OF- (P<<0.05) | Bl 35 /6 AT 34 43 B
(1 8 T, 3K 26 416 s 249 i 25 s 20k 11 6 T 22 0 2
(E12) o BFFELs SRR W], AR R A RAA R

A F R AT AR W BE AE 11.1~29.0 kg/kg , 4 Jiti & &
it 210 kg/hm* B}, SRR Z AR 2= 3008 0 AL,
R ARG e B2 M 5.6~10.5 kg/kg , SR i Bifi 25 A% FF 38 H 4
FEL P A BT 38 n , APt 202 T (70 kg/hm?) A& 24 350%
B (E 2A) o #E 2020 IR, H 2 FA
FA 2R A i U R B 2 PR AR AT
A BBA R WA M R A R BRY S
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it 80 S 1A 6 R 2 2020 4R AR, 24 it &L F A
70 kg/hm? 3 i #1) 350 kg/hm? i}, H: B A& K A1k
MR BE R WA ™ J1 0 B 63.7% F1130.7

kg/kg T [ %) 27.0% 1 34.6 kg/kg, H ¥ 7£ 210
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HBUAEE AR ERR (kelke)
>
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N
(=}

2017 2018 2019

Ay Year

2020

FHAR M/ %
Cumulative N apparent use efficiency

kg/hm* i}, 4351k 47.3% F158.7 kg/kg (& 2B, C) ,
e WYk 5 it ROME L AR A5 A v i AUIE A AR A
I, e T 0l L A R v R A N A R
FIHROR B L EHE

80r B

EN70 ON140 MN210 mN280 ON350
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60— EN70 EIN140 mMN210 MN280 ON350

120

@}
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£

Cumulative N partial productivity
®
=)

2017

2018

2019
Ay Year
AN FbE R R — 443 45 Ab BRA] 22 53K B 35 K («=0.05) . F [l Different lowercase letters indicate significant differences be-
tween treatments in the same year at «=0.05 level. The same as below.
2 BAEETAREERENRRAZRFYEN OKERBFREFHC)
Fig.2 Cumulative N agronomic efficiency(A) ,use efficiency(B) and partial productivity (C)with different N fertilizer

2020

rate under straw returning

23 HBFEHTAEEREXNRZTFENFN

S PTAR R FF A FR TR IR R AR B L 3
BT 0~100 em & 2 AR R VA7, E R A
A R HANEA AT R G A (195
kg/hm?) Fll EFLVEH 1L (280 kg/hm?) , A0 i H 351
LG FOKR A F W WK T A R R L
Bt AR BRI . FEFF AL b it A
ST 2 B T B, AT R 2R P e D) B e SR G
SN i FEAR N0 N70 . N140,N210, N280
FIN350 &b 3 4 a P Y5 A A & & 70 0 8 5.5.6.5,
6.7.6.7.6.7 Fl 6.8 g/kg, ¥ ki & & £ 43 5 Hy 10.6,
12.2.12.6.12.9.12.8 F112.3 g/kg. FEFFikH T A
+ 2y AR BREA AR (K 3A) Bow , b

it B, ORI - R T AR R A R R
e 2020 4F AR 9], N70 . N140,N210,N280
FIN350 Ab B 1) 0~100 em 326" i 2 & R 435
%) 126.5.157.2,191.1,216.6 fi 256.2 kg/hm?*, 5
FE 1T - M 1L, 76 it AU T (280 1350 kg/hm?®)
HAy#y AR 2R E 5T 13.0%
33.6% . SULIEIT, mit AL A N T 22 )2 Y
W R AR O, WO T A/ R R 2 £k, 1
H1 80~100 cm T R FEHIH N T 18.4% F42.2%,
BT AR

e Ak it AU 388 1o oA K 20 AU it D R4 o 40 28 W i
Fe B A R FU R (K 3B) , 5 3 it A AR i
FWANF T kR, H S 210 kg/hm? it & & A L,
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N280 I N350 4b B A E W ITE B 3% 25 5% . M & it
R AN, I T AR R 7 LR AT
W H T, N70.N140 . N210 . N280 1 N350 Ab H f4 4 a

A
300
E10~20 cm
N 020~40 cm
2 2500 @40~60cm
= Z
}072 M 60~80 ¢cm
<% 500 E80~100cm
g g
= d
B 5 150
i 2 °
=
ﬁg 100
RS §
- 50
FS I 01 A A St A O A A ]
0 70 140 210 280 350 A1

i F/(kg/hm®) Fertilizer N application

A R R 715 5] 42,165,318 578 1833
kg/hm?, 2¢ B i FH 5% A EUIE SR (H R BEAE B VE ) %) 4
R, B S BCR E A B 2RI,

B

1000r m 4 |- # AWMt Upland N uptake

O U ZE R W 5 Apparent N loss .
E 2 2 a
E £ 800F )
23
K< goolg b
SE
= Z
=
= £ 400
&= ¢
E
ﬂ%& S 200 d

e
0 1 1 1 L
70 140 210 280 350

i & A/ (kg/hm®) Fertilizer N application

& A i A RS R AR TR B 238, The initial soil in Fig. A indicated the soil taken before the start of the trial.
3 BHEHTARESREAENTETREZEREBAMERFTZREMRE B
Fig.3 Cumulative soil mineral N(A) ,accumulated N uptake and loss(B) in soil with
different N fertilizer rate under straw returning

B THTREEERENHE
1 2 V38 RIS FH 5 DM P B 8 T RN IR
B REAFAH T ARBRR SR E 5.
R ISR AN U e BT 3 A DG (B 4) .
REBA TR R R ELMEEM LR (R=
0.9798) , HE K= R F KL LR (R°=
0.705 1) , 5 & F e % 2 1 3 2 vk A ¢ &
(RP=0.708 0) , SR XML B2 B EFEHFHXLR
(R*=0.668 8) . 4 &N £ A f FIAE W W A o +F
-, RN AR R it 0 188.9 kg/hm?, LA )
% KR 11 850 kg/hm?, A A Hhy 40.1%,
ARFZMIK AR K 65.7 kg/hm?, DIFIIE R AE N0
R i 260 B2 1Y) 95 96 A A AR DX, 25 25 1 ROR AR
RAEWIE = RMARBARF I, R
Hi DX EAE A BRE R 179.5~198.4 kg/hm?,
3 i it

R 52 M VR A L o R T 1) B B R
Pz 9 Al A P v, 4 B AY N0 FH 4 T L
P R AR R AR P R SR 2 R —
TR, PR R B SR B R R AR A
HIF 5T H AN TR A 3 B AR oK 7™ 1 A 9T I8k 2l , (F X it 4
A2k L e 1R AR — 5, AT A i 5 R Z&UIE (210
kg/hm?) B}, 4% 4 a FORIBPAT fe i 7= o, (0 2 AU

24

FH A 5 210 kg/hm* B, B2 MR AL M
LR AR T 37 43 [ R G 32, S BORR 554 &
TR AT I A0 AR BRI RS DA —
B P9 RO it A - 58 5 oK BRI SOR AR
HA R B o ] A 28 K 2 R RS, BB S i
BRI B Iz 2 (A A2 + 0 it R it
B[] K - et AU AE T 2 N E L A iem 2, ARBFSE
R Bt A R AR R K, BRI R R ALK
Rl g A= 7 o 349 2 3 B vt 4t ) 38 o g
FEAR RO R 3, 3 55 AT B BIF 9 45 R — 30022
e TT U, R A A FH 2% 4 T MR ) e i A
BSR4 RO 1) 35 Bt i, DA PR TIEAE B e 7 O sk e
REIETT5 Y )8, js D J B Bk

FEFFVE N —Fh B ZE M IR0 R, S A E A K
RE BT A DL AR E SR IC R 1 HE AU
AT DABE I 3 ML i R 2 0 A R L iR T LA
PR KRR E 12 RS FFAE S —Fh R0 ¥
U8, Gt a5 R wow M HE RS AR, B4R 1Y
T 2 A NH, AU AR HE TS 53 50 AT s 2 708.9
1.99 F14.36 J7 ¢, Pk, 7640 F FH RS FT R PRI A
AT Bl 02 20 58 U5 A mT e 82 R T TR) Bl i i Al
AT FRESE R AR A P B A Ak i B . AT
R R FEAFE ) HIEA ORI, HE M AR B
R AR I8 52.65% I8 H 2 a f1 3 a5 REA R K
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701 C
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<60 ° o y=-02212x+39.8575
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-
S 50
z @ 0
£ °
Z dor S
N
o 30.
A
=
20t
1080 =60 <40 20 0 20 40 60 80 100
REBATRI% N surplus rate
& 4

16 000 B
y=-0.3705x"+29.6785x+11906.4818

g

=

= 12 000

&)
“g 10000

=

<

< 8000
iz
o6 000,T

980 -60 -40 -20 0 20 40 60 80 100
HEBATRI% N surplus rate
35

REM L B/ (kg/hm’) N loss
)

1
=% 60

I I 1 I I 1 I ]
-40 -20 0 20 40 60 80 100
REBATRI% N surplus rate

HHTHTEERUERESEAE A EB) . EEEARERCOMAERWIRELE(DWXR

Fig.4 Relationships among N surplus rate with fertilizer N application(A),yield(B),N recovery efficiency(C) and N

loss (D)under straw returning

WA IR E T 70.66 % F191.70% 27 (HFREEERY
S BARFSFFB I E T R SR R E T
MUY R S IR S & s E
W BT R Y SR R T
it 35 8 1 RUIE i 6% 1 iR 5 Al o0 i AH OC 1Y) - 8 i
P IR T 00 65 A AN 35 20 ORI, e & S oK ™
AR E AR HI, 7E R
o SRS AR A T 25T Bl i 12 A9 &UIE , DA R IEAR
HAE . A5 R, 5l G L, R
I TH 254 AR it 20 b B, 3 R R - 5=
PROR = 3LIRAS 1 24 U0 = 3 % 210 kg/hm’ =,
FARMARZNT RN TAZMHRA, ARZRI A
ARE

TE B A H AU =i, R 2Bk 7
MR Wk 22 0 R 2R 1 o B A R AR R T Bt R
U A SRR R SR AR O A —
9 Jey BRA: 7 A7 v i AR 7 o I B8 A 57
O T A TaA IR EE AR A
B NGAE 2 1EE 2 R S e T 3R A A
FEAHE AR AL BRI, MEARBERFEN
AR, BAR R R R A%, 015 T8 M 9 2L A H

B E R DL REAR K 1 AU, IR 2T FE R Y
WA YA R KB RN (EY -2 MA R FCR
BERRAR Y X AR Rk T L ek
HEVEDIU A, o — 3853 W 3E o 2 H  AisAk I AiF Ak
IR AR L A A AR T 2 | X PRI 3 B — 2 R T 5
Wi AR 2 SR e 2 A R i e e TR S
BENLEXR S R HEZRMAXR .5
AR IPCRELM LR HARMAZERBEAK,
LLAMA SRS IS AR NS AN &
Ko HLAH NV RE 8% 35 B Y 77 5 43 0l 2 188.9 AT 11 850
kg/hm?, & 2 F LA FH % R 40.1% , B K 8 65.7
kg/hm?*, Ho45 5 S50 B d g 7 2 Ab B (N210) #5230
F I LB 2 4% 00 O B it 280 119 95 %6 1B M B A X
(), i 2 1 56 DX 3 H AU & VS L AE 179.5~198.4
kg/hm?, 7£ 12t 070 B PN 3R A 1) 6K 7= o de i DB
RE TR AT BAL, HAete iy HIER R R
LS, DAL I T VR A F 5 X 342 25 6 AR A F 2R T
PRI K ™ F R B 25 1t R S Al . b X A
P 325 2010 Y 5 2 DA 2 4 L 22 s 1 T (] 3 oy
filt , AS B 5 v A AT 34 o 7 247K HLJ2 B8
55, 1 5 R DI I AT 5 i — 20 B UE T
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Optimum nitrogen application rate for maize under continuous straw
returning in black soil of central Northeast China

WANG Bobo', XU Xinpeng®, HOU Yunpeng’, HU Cheng*, HE Ping*, WU Yupeng'

1.College of Resources and Environment , Huazhong Agricultural University, Wuhan 430070, China;
2.Institute of Agricultural Resources and Regional Planning , Chinese Academy
of Agricultural Sciences , Beijing 100081, China;
3.Institute of Agricultural Resources and Environment ,Jilin Academy of
Agricultural Sciences , Changchun 130033, China;
4. Institute of Plant Protection and Soil Fertilizer ,Hubei Academy of Agricultural
Sciences , Wuhan 430064, China

Abstract In order to determine the appropriate nitrogen (N) fertilizer application rate for maize
under straw returning in the black soil of central Northeast China, a site-specific field experiment from
2017 to 2020 was conducted in Gongzhuling County of Jilin Province. The experiment had set 6 differ
ent N fertilizer rates (0, 70, 140, 210, 280 and 350 kg/hm”) to analyze the effects of N on maize
yield, N fertilizer utilization efficiency and soil N balance under straw returning , and to explore the rela-
tionship among N fertilizer rate , maize yield and N surplus rate under straw return. The results showed
that the maize yield first increased and then decreased with the increase of N fertilizer application rate un-
der straw returning condition, but the amount of N application to obtain the highest yield was decreasing
with the extension of experiment, reduced by 15.8%. The cumulative agronomic efficiency , the recov-
ery efficiency and the partial factor productivity of N application in maize all decreased with increasing
rate of N fertilizer application. In additin, soil N residues were significantly increased by 13.0% and
33.6% at high N application rates (280 and 350 kg/hm?) compared with the soil before planting, re-
spectively , while their cumulative apparent N losses reached 578 and 833 kg/hm®. The correlation anal-
ysis showed that the N fertilizer rate was 188.9 kg/hm”, yield was 11 850 kg/hm*, N recovery efficien-
cy was 40.1% and N loss was 65.7 kg/hm* when the surplus rate was 0. The results indicated that the
appropriate N fertilizer rate under straw returning conditions could significantly improve maize yield and
N use efficiency , and reduce the apparent N loss. Considering the crop yield, theoretical surplus rate
and apparent soil N balance , to apply 179.5-198.4 kg/hm” N fertilizer was the appreciate range under
long-term straw incorporation in the experiment region.

Keywords straw returning; nitrogen application rate; nitrogen utilization efficiency; nitrogen loss;

nutrients balance; maize; utilization of straw resources
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