5556 45 5 1 )]
2019 4F 1 A

+ o il
ACTA PEDOLOGICA SINICA

DOI:

RARZEMNHLZFNZ/BEERTERREF AR

LGN

10.11766/trxb201805210207

AN

ANEHE F R HAFT LA A
TEM HERMY'
C1 0 Aol K2 A 2 e / [ 5 /N2 T AR AR WF 5T b A R R B AR BB R R o, KM

(2 RISl TRk R E R E g (P EREB R IR ), BT 210008 )

(3O EEIEA R A, WEHS  453730)

B E O MBREE TR XS EREE ), b E AR K B bR
WAKHE AL AR 8, FE B A B OB M 5 T AUIEIE B AN T R OR R AU R
R B o RIS BRCE AR AN E 25 T FEMEAE R IR R (T1) | BRit 38 PR & + 38 it 3% 58 bR R
(T2) . Bt R IRBHEMEEEIKRE (T3) MG ESE KRR B R IRER (T4) , FRANIEZE X
Y450, 80, 16041240 kg-hm™ ( AN, FR) 4K, 450 LW, BEE R8N, FHpas
FERLP= 6 | JR) AR 7 e J) AR Sl 4 249 38 B A S 3G I s R AR R 35, T ZE0NE AR) P 20403 0 3 B oy 38 i KA1
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) PRIl RIS R 2 B 1 35 0 B O
F T TR PR, T 4 2 A D) S 3 e A 0 B R g
A 2H 2 B — R R LB RRAERE, T X B
ZRNRH R B — R0 1 R EY, 4
14 T R B G P O B I AR AR 2 5 i L R R
I ) 25 e PR 35 9  ELAT I S R L R
W, A7 e P e A B0 B R R R A A . A
NN, TEBHE B AISO T, BRRE SR %
WE bt 5. 4R s M P i AU R R T MR
WEFE AR, 7825 A 0 A6 F T, — WM ]
PORR DR 22 9543 06 P % 3 R % T AR v A
i ORI | N N S it & s N R XS
HORAFAE I 25 BRI, A L g
K, HHEHMEAT (225 kg-hm ) MIH, i IR
YA 2090 1] S B TR, T4 B R K iE20%
U T S84 AP 77 . v R P SR 28 5 035
BEAh, A PR IR R 5 SR 2 a8 207 5 i A
PN, G R AR 45 4 00 1 ot 3 SR 26T
RE/NEFRMAIER R BRI, A
I7] 14 SN 32 2 7 50 0 74 R SR R A o 2 A
B U (0 H AT N R OR AR IX %
= X RIS 207 R R G, HLET AN RRTIE R
T R — B KR % X R A B, Bfii% X
PN R i e N B N

320

NI, ARTCES G Y BN A/ K
FE AL DX S B A ™ v i IO 19 2 B R Y | e
ROT A RNE R, % 2 w47 1 /U iz % 1
) LI, BIF ST A /N A2 /7 T K 7 A A U
HtE B A, DU iz X A T AT G A6 A 2R A AL AT
TG R H bp S B A 1 BIE MR SHE

1 MRSk

1.1 R HER

R T20154E10H —20174E10 H 78 T 3
TE TR A /N T /B OK B AR AR X1 T R 4 e
BorprE Bl B B R A AR SR (34°017 N,
114°45" E) 47, it TR A R, Hrs
TAS R B, s MY KRR R R, AR R
14 °C; KBNS, ZEPHE—8H .
2015—20164F 4 /N2 /5 T ok A H WK 676.8
mm, 2016—20174FE4 /N2 /5 KA B WIREK 5 -
501 mm, JCFEMI214 d, HEEE 928.5 h, Ak
553 S22 e AR A A R K R LR . e
Mo AW PR Y R BRIt , Ho~ 20
emBFZ AN . R WAL A A
BB A11.2 gkg'. 0.79 g-kg™'. 36.1 mg-kg ',

280
240 =
20 LY JNFEZ: Wheat season
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Fig. 1 Monthly rainfall and daily temperature during the 2 wheat/maize rotation cycles from 2015 to 2017

1.2 KR 5T

TR I HE AR B Sy [ AN RN 22 49-198
1 K S RO 958 . AUIE S A ON 5 2k IR
K (RAEAKRTHTA3.2%, H N A2 R H A 22

BIRE, £H5Z7L201210392722.7 ; Loss control
urea; fAAXLCU) FIHE#E K ZE (Urea) PifP, ¥
T Fg O DA NEA FRA sl R4k il A5 1520 . 80,
1601240 kg-hm™ ( AN3F, Rl ) WA KT,
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P2 /N ZE TN FORMEY 2. W . S Bt
AT o SRUNE it 4 = 4 4 i 6« 4008 LU R Ay
S IE A H B A SO L, SRS A SRR
15~20 ecmhb; GBAEA/NEFIER Y], HEKkE
ZENUILINRE IS EY W $ il S SN <& [19) 191
K, EERIGEMFEK . B FPIE S 5% P,O5

#*=1

150 kg-hmFIK,O 90 kg-hm & 1E Jy 30—k
P o #5380/ X RUIE 2 25 7 2R it 40 k7K P
R, ARG EIRES, HLHE
G, /NKEACN16 m®. IR 4% /N X Y 7K U8 5%
SLLABH 1E /N D TR) AHE B e o 200 XAt 4 8 5 >
—3

ETPES

Table 1 Experiment scheme

RAILiE % E0iEE R

N application N application rate
, N application method
(mode and rate) /(kg-hm™)

CK 0 ANJti%. No nitrogen application control
Tl 80, 160, 240 PR & — R MEFEIE Single basal application of Loss control urea (LCU)

Tl R 2 60%FE I, 40%:3E JIE Split basal and topdressing applications of urea at the
T2 80, 160, 240

ratio of 6 : 4

PRIREKO60%FEAL, il R 2540%iE AL Basal application of LCU and topdressing of

T3 80, 160, 240
urea at the ratio of 6 : 4

W R RO60% I, 5K JR%E40%IB . Basal application of urea and topdressing of

T4 80, 160, 240

LCU at the ratio of 6 : 4

1.3 MEmMBS57R%

H_EAEAREE SRR RRS AT (&N R ZEFT
PN = e o/ 7 = | U D Y VA o = R a1
HFF105°CAE30 min, 80°CHE T EfH T, PR,
B SOR AR SR FH L ER e R0 D A R o

FANE B E KRB AR N X T R
W, ZeHET 5 BB 3% bR i K 4 B B SRR AR
s,

1.4 HIELIE

FNEA 2305 (kg kg ™= Ot U IX 4 2 7 b —
iR X B 5 ) /it A =

SRHA AR F R R (kg kg ™= (JlA X 2R
H— A A X R )/ RRU A

FRRERWMOER (kg kg™ )= & X RBUE -
TSI AR/ BB R

VML IR A L IR K1 800
yuan-t™', R E2 500 yuan-t™', #EHAEP,0,3 000
yuan-t™', HPAEK,0 3 200 yuan-t '35 ke
IS IR S AE T S M A TR, 2015—20164F Al
2016—20174- 4 /N Mk 43 114 2.4 yuan-kg ' FI2.5
yuan-kg™', EERFMNHE K14 yuan-kg ' F1.7
yuan-kg s FEEAEYE AL ST 8h 1 S 1 T4 57 5

K420 yuan-hm 35 HABB AR 7. 4
2 b . FERD . VEE . WORSE R RIEYHE2 600
yuan-hm {15,

K FIMicrosoft Excel 2 0134k 33 46 £ 45 |
SPSS 19.0X% Ky b 47 BN B Ty 22000, JF R
/N 22 (LSD ) ik FEHRAS [m] Ak B3 ) 1 2 S e
Origin Pro 8.0 &, EIEHHAR/NG FREFRR AL
FHH] 22 T3k P<0.05 i & K.

2 4 R

21 AREEMENEZ/EERTERREKERN

AL

PR = BAFTEAE PR AR 5 (62) + 2016—
20174 A /N 1B R K A% il AL B 7 o K IR R
R E2015—20164F 1. 160 ~ 240 kg-hm % 4
T AT, &N H EORMAE = RN T
FT2. T3, T4, HEEMA R HF160 kg-hm ™ 7=
HiRE. S5T2~ T4, 2015—20164EF12016—
201 7AETI/NE P2 3 77 R 3 Sl i i 1.4% ~ 4.6 %
M 9.3% ~22.4%, T Kp=m =05 mH
3.1% ~ 10.7%H 5.6% ~ 18.5% . M24E47 K8
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KF, WEMAEIGIN, 1EY-FRm R
ThHE R RS, AR Rz % 7 R 7 5 24 LA
T 14 PR AH X482 5

A INFE 1B KA Z U B AR 2 380 3 B A it AL o
3N T ke sh (%2) o Mi%E ~160 kg-hm™
1240 kg-hm I}, TIET2, T3IMT45, MEZRM
RILR FROCRW R AHRI R (£3) o 2016—
201 74F FE AR Y AU AR “# R0R 5520 15—20 1 64F Ji

T, IX A S AR AN SO0 IR AR BT - e
FEAT Ko

ARGy Tl R MR IS % = R 4 SR R
(R2) , A0 A Ui 2 R A 4 7 & AR R AR
FRCRMEELMINE, WA/NERTAREA RE
s R % 75 SO A B I AR I & /N 22
AT EROWE T A AR X A TR SE A
BF.

=2

AREENZNE/BERTEMRBHENF N

Table 2 Effects of nitrogen application (mode and rate) on yield and nitrogen use efficiency of winter wheat / summer maize

K NF Winter wheat

H K Summer maize

wH mREE o wm meE PR e
N rate/ AE/
Year N operation 5 Yield Increasing AE Yield/ Increasing
(kg -hm™) . . N B _ (kg-kg™)
/(kg-hm™) Ratio/% /(kg-kg™) (kg-hm™) Ratio/%
2015—2016 CK 0 5320c - - 6 766¢ - -

T1 80 6 463ab 21.5 16.9a 9 347b 38.1 35.4a

160 6 725a 26.4 8.8¢ 10 736a 58.7 24.8b

240 6 648ab 25.0 5.5de 10 292ab 52.1 14.7cd

T2 80 6 429ab 20.8 13.9b 9 740ab 44.0 37.2a

160 6 482ab 21.8 7.3cd 10 016ab 48.0 20.3bced

240 6 286ab 18.2 5.2de 9 797ab 44.8 11.9d

T3 80 6 348ab 19.3 12.9b 9 719ab 43.6 36.9a

160 6 524ab 22.6 7.3cd 10 141ab 49.9 21.1bc

240 6 269ab 17.8 4.0e 9 813ab 45.0 12.7cd

T4 80 6 126b 15.2 12.0b 9 953ab 47.1 39.8a

160 6 650ab 25.0 8.3¢c 10 531ab 55.6 23.5b

240 6 215ab 16.8 3.7¢ 10 260ab 51.6 14.6¢d

2016—2017 CK 0 2 898d 5943e

T1 80 7 223abce 149.2 47.9a 10 906d 83.5 62.0a

160 7 785a 168.6 30.5b 12 843a 116.1 43.1b

240 7 400abc 155.3 18.8¢ 11 561bcd 94.5 23.4¢

T2 80 6 925bc 139.0 50.3a 11 484bcd 93.2 69.3a

160 7 136abce 146.2 26.5b 12 116ab 103.9 38.6b

240 6 973bc 140.6 17.0c 11 637bcd 95.8 23.7¢

T3 80 6 846bc 136.2 49.3a 11 540bcd 94.2 70.0a

160 7 515ab 159.3 28.9b 12 512a 110.5 41.1b

240 7 309abce 152.2 18.4¢ 11 719bc 97.2 24.1¢c

T4 80 6 720c 131.9 47.8a 11 046¢cd 85.9 63.8a

160 7 360abc 154.0 27.9b 11 745bc 97.6 36.3b

240 7 233abce 149.6 18.1¢c 11 568bcd 94.6 23.4¢
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s
£ /N3 Winter wheat H £k Summer maize
o it
A AIEZ % I s =2 [ S W=
Year N operation el Yield Increasing AE Yield/ Increasing AL
(kg-hm™) B i . R ) (kg'kg™)
/(kg-hm™) Ratio/% /(kg-kg™) (kg-hm™) Ratio/%

2016—2017 S #Mean 80 6 635b 79.1 31.4a 10 467¢ 66.2 51.8a
160 7 022a 90.5 18.2b 11 330a 80.0 31.1b
240 6 792b 84.4 11.3¢ 10 831b 60.1 18.6¢
Tl 7 041a 91.0 21.4a 10 948a 58.1 33.9a
T2 6 705b 81.1 20.0a 10 798a 71.6 33.5a
T3 6 802b 84.6 20.1a 10 907a 73.4 34.3a
T4 6717b 82.1 19.6a 10 851a 72.1 33.6a

AF FOKVR (P) Source of variance (P)
AEH Year 0.000 0.000 0.000 0.000 0.000 0.000
ALz % Application (mode and rate) 0.010 0.013 0.072 0.764 0.566 0.954
Jiti A Rate 0.001 0.001 0.000 0.000 0.000 0.000
FEOr < FALIE%E Yearx Mode 0.630 0.297 0.429 0.040 0.040 0.183
SR> Jiti % & Yearx Rate 0.224 0.049 0.000 0.243 0.110 0.000
HIE % > Jiti % B Modex Rate 0.761 0.804 0.593 0.042 0.107 0.319
LEMY RIS % < i B B YearxModex Rate 0.886 0.890 0.262 0.933 0.889 0.963

e AE, RAFRCR BsJE AR 143 3 38 ) A7 B W) 81 AN ] b B 7] 25 5 85 3 (P<0.05) . 1Al Note : AE, Agronomic efficiency;

Different letters after data in the same column mean significant difference between treatments in the same year at 0.05 level. The same

below

Bt LG i, B RARE T & NE/E
FRAEY BRAR WU (PIFE4Z) BRI
B8 R AR R B, T RN A 27 R N AR R R R
RN EFEAE (R3) o BZ160 kg-hm i 7K
(47 B HR640 kg-hm™) F, T1 R ZE WU
e, HIGRAE AR 2 3808 FUA 2R ISR 1 2
FT2. T3MIT4,

22 AEABREEBRRTEFYE

AR AL Z % 50T, PI4EEEN 160 kg-hm™
JE] A 7 RN (B 4 Ak 25 24 P T Al il R Ak
(F4) . 160 ~240 kg-hm = A KE T, R
BTIAMNEZE ) ER AR &, AREE T
AN TAS I HUAS A X6 458 i 1 J AT 7 o
H, MAWEETIAZFHEN S TT2, T3A
T4, HAEMAE 160 kg-hmHF ik ) Hk
23 FESHAENXR

MEARZEZE TR, FPHELNE, B E
KAV 25 7= a5 it 2R D 79 06 R PR AT — o0 Rk O R AU
A, BREMR (£RS) , ALEEEFATIFiEA &

M169 kg-hm B /N 7= BT (7 518 kg-hm™)
Jiti B 173 kg-hm B Bk e (11 757
kg-hm®) .

WO, B EUIE A R e e a2
IR 32 W0 3G 0 0 e, AR AR B A — i UL S 7
WK AR B R R 0 T, A AT
TR R AN R AT, 255 R
o FEPR RS U AR I X /N /R S A T
WAFSE I, BERERI7E420 kg hm BT,
INEEE231 kg-hm AT E KA 189 kg-hm i} Af
SRR VE R i A IR A Y AR L
- SR SE I 64 /N / oK E IR IR S5 R, )
FE AR A M250 kg hm™, FAREAEGARE RN
180 kg-hm™. ARHFFEH, BEE A N, #EL4
AR = Y BN G 218 AR g, — Rk
Bt R IR #E 160 kg -hm AR B4R R A | 1™
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R AREENLNLZEERREAFRRALYERNEM (2015—20175F)
Table 3 Effects of nitrogen application (mode and rate) on accumulative nitrogen use efficiency of winter wheat and summer maize in

2015—2017

HEM
N uptake/(kg-hm™)

M A L

ALz % S

NAE/(kg kg™
N rate/(kg-hm™) (kekee™)

) NUE/(kg-kg™)
N operation

CcK 0 495¢ - -
Tl 320 851f 39.1b 2.55a
640 1088a 26.8¢ 1.80b
960 1 016¢cde 15.6e 1.06de
T2 320 809f 41.8a 2.67a
640 1 027bed 23.2d 1.61c
960 968e 14.3¢ 1.04e
T3 320 827f 42.3a 2.65a
640 1 046ab 24.6d 1.65¢
960 989cde 14.8¢ 1.15d
T4 320 824f 40.4ab 2.68a
640 1 034be 24.0d 1.63¢
960 983de 14.9¢ 1.05de

H: NAE, ZUB4&A%50%; NUE, AR WK Note: NAE, Nitrogen agronomic efficiency; NUE, Nitrogen use efficiency

R DL 4 m AR AR AT o — U 42 2k

PRZ I AE N R T BB R AN . — R 5%
RIEA G A = BRI R R7 HxK, R
FIBATE L —ak “M” , R B 3,
Bij 1R MERRA G, RE LR VP 4 A K A 1 1 N s 77
Gy P TR H A R RT R IR B R i
(15~20 cm) WAOREMEA L . AHF5E
Bl G IS T 0N DG T X AU 4
P RN T R SR I EREE L R AR . A
BN DL SRR iz 25 7 SRRl % .

FNE I FH 258 000 £ w8 2 B AR Al A 7= e A Rl
P T Y5 G 1) T LSS, R /4R RIS H W B B
7 2T L B 2 AR R A R
A PO Y, fE MM 225 kg hm R R
KL (60%)+ IR 2B it (40%) Ab P T oK B 4 24
HOR T — 2L E s B IR R AL . R
2 DO, — U O R R 4 IR A
— YR R PR R . BRAESE DTS IA N,
50% 5 it +5 0% 3R T 38 it R 2 i) 2N A1) 2R B 2
ET I ET e, TS D Il R e
H/ANE EREERB TN, FE80% IE F Jiti &
B — KRR E (/hF168 kg-hm?Fl £

K180 kg-hm™) 7T Btk 45 g S0 IE A =7 ) I % i Al
A7y BRI, AR WU 10 %45 2% IR K A B AT i
FARAFROR | RS S R R ARG Y L A
i, BEME R RN, BEENER R R R
¥, B S AR K OF T e 45 2k bR 2 T B
B EUE A R A AR IR, REJELE160
kg hm it 27K 35 2 RUIE — YR 3 I8 % it T A
3 5 AU R AR =, 0 BH it 45 2% FR
O REA R TR mE R R R Wl iE 10 T
it P38 PR R | A G PR 2203 it 3 58 R 3R DA K
B it 38 38 PR A8 i R IR R AL BRAE A N V] K
KA T PRSI AR E 52 AR A S0 I
FIH

HWFoe4s . W 20% 50 58 /45 R B UG
EEAEA R, o] g R EY e, B R
BAS RS B A, maistas YL AR &
PR, SRA160 kg-hm i, 2015—20164F4(
g — M R IR R (TR ) Bm, IR
Rt R IR F Bt (T44bHE ) k22 ; 2016—
201 74FE T LN JR AR 7= 5k JAAR 7 {8 S 8B A% 43 [ A
¥ T HAE R O N B, TR & T Ak R
ANHE B R AE Wl AR AEAE Y, N 2
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Table 4 Economic benefit analysis of nitrogen application (mode and rate)
PN o AERE . - \ A s
i ALiE%E  EEE Annual J =l R} B A BIEAT BN (LECIN gy ot
YVear N N rate/ yield Annual output  Fertilizer cost Labor input  Other input Income
operation  (kg-hm™) , /(yuan-hm™) /(yuan-hm™)  /(yuan-hm™) /(yuan-hm™) /(yuan-hm™)
/(kg-hm™)
2015—2016 CK 0 12 085d 22 239d 3086 0 8 400 10 753f
T1 80 16 659abc 29 997abce 4012 0 8400 17 585ab
160 17 460a 31 169a 4938 0 8 400 17 831a
240 16 939abc 30 363abc 5 864 0 8 400 16 099bed
T2 80 16 169bc 29 066bc 3707 840 8 400 16 119bed
160 16 498abc 29 579abc 4327 840 8 400 16 012bcd
240 15911c 28 563c¢ 4948 840 8 400 14 375de
T3 80 16 067¢ 28 841c 3890 840 8 400 15 711cde
160 16 623abc 29 755abc 4694 840 8 400 15 821cd
240 16 081c 28 783c¢ 5497 840 8 400 14 046e
T4 80 16 079¢ 28 638c¢ 3829 840 8 400 15 569cde
160 17 181ab 30 703ab 4572 840 8400 16 891abce
240 16 476ab 29 281bc 5314 840 8 400 14 727de
2016—2017 CK 0 8 841f 17 348e 3086 0 8 400 5 862e
T1 80 18 129de 36 590cd 4012 0 8 400 24 187cd
160 20 629a 41 297a 4938 0 8 400 27 959a
240 18 962cd 38 155bc 5 864 0 8 400 23 891cd
T2 80 18 409cde 36 835cd 3707 840 8 400 23 888cd
160 19 253bc 38 438bc 4327 840 8400 24 871bc
240 18 609cde 37 214cd 4948 840 8400 23 026cd
T3 80 18 386cde 36 733cd 3890 840 8 400 23 603cde
160 20 026ab 40 057ab 4 694 840 8400 26 123b
240 19 028cd 38 195bc 5497 840 8400 23 458cd
T4 80 17 766¢ 35578d 3829 840 8400 22 509d
160 19 104cd 38 365bc 4572 840 8400 24 553bc
240 18 801cd 37 748¢ 5314 840 8400 23 194cd
¥ Mean 80 17 208¢ 32 785¢ 3 860 19 896b
160 18 347a 34 620a 4633 21 258a
240 17 601b 33 538b 5406 19 102b
T1 18 130a 34 595a 4938 21 259a
T2 17 475b 33 283b 4327 19 175b
T3 17 702b 33 727b 4694 19 794b
T4 17 568b 33 386b 4572 19 574b
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Table 5 Relationship between winter wheat and summer maize yield and nitrogen rate in two years
7 e I 2R it
x, MR p, KRR B B A . N
. o , _ B B Yest K
1EW) AIEiE%E Quadratic response function of grain N rate for maximum
Maximum grain Coefficient of
Crops N operation yield response to N rate grain yield/ 5 5
5 ) yield/ (kg-hm™ ) determination , R
x, N rate/(kg-hm™) ; y, grain yield/ (kg-hm™)
(kg-hm™)

K Tl y=-0.115 8x* + 39.25x + 4 193 169 7518 0.794%%*
Winter T2 y=-0.107 3x> + 35.38x + 4 215 165 7131 0.748%%*
wheat T3 y=-0.105 4x” + 35.84x + 4 183 170 7230 0.801%*
T4 y=-0.101 4x* +34.86x + 4 152 172 7148 0.818%**
HEXK T1 y=-0.181 1x* + 62.68x + 6 333 173 11757 0.806%*
Summer T2 y=-0.18x" + 60.12x + 6 504 167 11524 0.766%*
maze T3 Y =—0.188 9x” + 62.747x + 6 470 166 11 681 0.780%*
T4 y=-0.170 7x* + 58.86x + 6 487 172 11 560 0.811%*

Cgege?

T ** R A B P=0.01 1% B 3 /K F-Note:

FAE R AT IR 0L I, LR B IEWI4E
M aisi st . R E MR ER | &N EH Eok
AEZ VA . BN RS, 256 /T
Ll O R, RIS A AR X R
Jili A TE160 ~ 173 kg-hm S, AT H—IK
PEILHE P IR FALHL, HeAh, R E] [T AR b 57 )
IR TR A ISR E WIS YN D SR
PLEGH RO 228 BRI R ML, 2mA AN
4 17 2 P ARG R 22 AR B, AW SEAE
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indicates that the correlation reaches P=0.01 extremely significant level

A

(1]

[ 2]

EEGA, BRAM, ERE, FOENEMRYEE
KA R BCR A ZE. hE AR R R, 2017, 50
(11) : 2189—2198

Pei RJ, Yuan TY, Wang J Z, et al. Effects of
application of humic acid on yield, nitrogen use
efficiency of summer maize ( In Chinese ) . Scientia
Agricultura Sinica, 2017, 50 (11) : 2189-2198
Brifg e, WO, XUk, S A/NE BRI K
ZR IS FOM T A T B Y R IR S LR
%, 2016, 22 (2) : 542—549

Jin HY, Xie Y X, Liu Y, et al. Study on the
suitable application rate and method of urea with
short controlled-release period in winter wheat ( In
Chinese ) . Journal of Plant Nutrition and Fertilizer,
2016, 22 (2) : 542—549

LR, Fuam, BatF, S ARARE N £ E
Kprd, ISR S AR FI B, FoRB
2015, 23 (2) : 111—116, 123

JiD Z, Wang D, Zhao J K, et al. Effects of different
nitrogen forms on spring maize yield, N use efficiency
and soil nitrate nitrogen ( In Chinese ) . Journal of
Maize Sciences, 2015, 23 (2) : 111—116, 123
e AR RE E R g it R, PR E %2016, b
e P ER R, 2016

National Bureau of Statistics of People’ s Republic of
China. China statistical yearbook 2016 ( In Chinese ) .
Beijing: China Agriculture Press, 2016

http: //pedologica. issas. ac. cn



134

SRAANAE . RLIE T X A /INA R R i e BB M IR B 52 173

[5]

[6]

[10]

[11]

[12]

Zhao C S, Hu C X, Huang W, et al. A lysimeter
study of nitrate leaching and optimum nitrogen
application rates for intensively irrigated vegetable
production systems in Central China. Journal of Soils
and Sediments, 2010, 10 (1) : 9—17

Wang Y C, Wang E L, Wang D L, et al. Crop
productivity and nutrient use efficiency as affected by
long-term fertilisation in North China Plain. Nutrient
Cycling in Agroecosystems, 2010, 86 (1) : 105—
119

W e, HOKF, [FIEL, 4. By /NE-£oAR
A DX 03 V8 49 7= ik 0 B 358 2800 14 4 S R ARUIE
ABFAR, 2014, 34 (21) @ 6115—6123

Yang X L, Lu Y L, Tong Y A, et al. Optimum-N
application rate to maximize yield and protect the
environment in a wheat-maize rotation system on the
Guanzhong Plain, Shaanxi Province (In Chinese ) .
Acta Ecologica Sinica, 2014, 34 (21) : 6115—6123
B, A, 22X, 4. 201343 E AR A6 AL i
FARBL B FH B FR SR A4, 2015, 21 (1) -
217—225

Yang F, Meng Y D, Jiang Y, et al. Chemical
fertilizer application and supply in crop farming
in China in 2013 (In Chinese ) . Journal of Plant
Nutrition and Fertilizer, 2015, 21 (1) : 217—225
W, FaE, 2, S JIEHE X R AN E
7 N TR A A R AR R . R
2013, 50 (5) : 956—965

Dai J, Wang C H, Li Q, et al. Effects of nitrogen
application rate on winter wheat yield and soil nitrate
nitrogen during summer fallow season on dryland ( In
Chinese ) . Acta Pedologica Sinica, 2013, 50 (5) :
956—965

ELmese, A ORI e I U Mt BRI 7t
W HPE TR SI0REE, 2014, 20 (4) @ 783—795
Ju X T, Gu B J. Status-quo, problem and trend of
nitrogen fertilization in China (In Chinese ) . Journal
of Plant Nutrition and Fertilizer, 2014, 20 (4) .
783—795

X7, MRS, BEEH, 5. S RRILR R AT 5T
MAFAE N .+ HGE iz, 2010, 41 (4) : 1005—1009
Liu N, Sun Z T, Han X R, et al. Research progress
and existing problems on slow/controlled release
fertilizers (In Chinese ) . Chinese Journal of Soil
Science, 2010, 41 (4) : 1005—1009

Zhang S G, Shen T L, Yang Y C, et al. Controlled-
release urea reduced nitrogen leaching and improved
nitrogen use efficiency and yield of direct-seeded rice.

Journal of Environmental Management, 2018, 220

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(10) : 191—197

fEerz, FLEAE, XI5, G5 GR REAT T XU R
i AR, L, 2018, 50 (1) -
43—50

Hou H Q, JiJ H, Liu Y R, et al. Effects of slow/
controlled-release fertilizer on grain yield, N uptake
and soil N balance in double Cropping rice ( In
Chinese ) . Soils, 2018, 50 (1) : 43—50

JABE, B, A, SF R RN EAL g R A AL T
X B K TH i) 2% B MR S A 520 A8 3R 5 I
Bdk, 2016, 22 (6) & 1449—1457.

Zhou L P, Yang L P, Bai Y L, et al. Comparison of
several slow-released nitrogen fertilizers in ammonia
volatilization and nitrogen utilization in summer maize
field (In Chinese ) . Journal of Plant Nutrition and
Fertilizer, 2016, 22 (6) : 1449—1457

RN, CHAR, WIARLAL, S ORIR BT 4R 22 R
P 2% 5 0% 30 DR 2R T T K R 7 B A K R T B R R
TEYIZ4R, 2012, 38 (8) : 1494—1503

Zhang X C, Dai Q G, Hu X X, et al. Effects of
slow-release urea combined with conventional urea
on rice output and growth in soils of different textures
(In Chinese ) . Acta Agronomica Sinica, 2012, 38
(8) : 1494—1503

TWF, B, kR, S ERIREX/NE-E K>
it M AR M. O IR, 2010, 29
(9) : 1744—1749

Yu S F, Yang L, Zhang M, et al. Effects of
controlled-release urea on wheat-corn’ s yield and soil
nitrogen (In Chinese ) . Journal of Agro-Environment
Science, 2010, 29 (9) : 1744—1749

FIE, FE, KR, & KIS K
KFGMREGERKFI LW, £ILLE, 2016,
31 (4) : 199—205

Jiang Q, Li L, Zhang F L, et al. Effects of loss
control and conventional fertilizer on nutrient
accumulation and growth and development ( In
Chinese ) . Acta Agriculturae Boreali-Sinica, 2016,
31 (4) : 199—205

MBS, SR, BEE, . ARZERIREEE L
I DX K By it TR i A A RO 2 4
2017, 25 (6) : 848—855

Sun X, Jing J Y, Li S Q, et al. Effect of different
rates of slow/controlled release urea on nitrogen
content in spring maize in loess highlands ( In
Chinese ) . Chinese Journal of Eco-Agriculture,
2017, 25 (6) : 848—855

U, J7A3Eh, REERIE. SF. ARERNX AN
P LB A ROR R AL, 2017, 32

http: //pedologica. issas. ac. cn



174

+

il 56 %

[20]

[21]

[22]

[24]

(1) : 149—155

Bai S S, Wan S Q, Kang Y H, et al. Effect of
Different Loss-control fertilizers on winter wheat yield
and agronomic nutrient efficiency (In Chinese ) . Acta
Agriculturae Boreali-Sinica, 2017, 32 (1) : 149—
155

Zhang Y T, Wang HY, Lei Q L, et al. Optimizing
the nitrogen application rate for maize and wheat
based on yield and environment on the Northern China
Plain. Science of the Total Environment, 2018, 550
(7677) : 1173—1183

BEPERG, ZUARAR, BN, 4F. AL EN &N E/E
FORAEAE i MR NE SR B sE e . Rk,
2012 (1) : 59—63, 102

Xue Z M, Yao JJ, Zhao P P, et al. Influence of
nitrogen fertilizer distribution on production and
nitrogen use recovery within the rotation of winter
wheat and summer maize ( In Chinese ) . Soil and
Fertilizer Sciences in China, 2012 (1) : 59—63,
102

aiiee, sREED, AMIA, S A& NE—E
FRFEAER Z v LS A5 S A AR ARA 5. 2R
4, 2011, 26 (S2) : 85—89

Ru S H, Zhang G Y, Sun S'Y, et al. Effect of
nitrogen application rate on nitrate nitrogen distribution
and accumulation in soils in wheat-maize rotation
system (In Chinese ) . Acta Agriculturae Boreali-
Sinica, 2011, 26 (S2) : 85—89

Wrs, INAIYE, AEoSE, AF. PRI K AL R
e A AR B IR S XSRS IR A
2017, 42 (1) : 87—90

Pei L, Sun L Y, Mai R X, et al. Problems and
countermeasure for agricultural application of
new Loss-controlled fertilizer ( In Chinese ) .
Environmental Science and Management, 2017, 42
(1) : 87—90

WA, skEA, FIFW. K55 BRI RN % /N2
A K SR R WA R . T A A B, 2009, 20
(10) : 2399—2405

Qi Y L, Zhang F C, Li K F. Effects of water deficit
and nitrogen fertilization on winter wheat growth and
nitrogen uptake. Chinese Journal of Applied Ecology,
2009, 20 (10) : 2399—2405

Cui Z L, Zhang HY, Chen X P, et al. Pursuing

sustainable productivity with millions of smallholder

[26]

[28]

[29]

[30]

farmers. Nature, 2018, 555 (7696) : 363—366
BERE L MR, ROE, SF. PR ILAR R 0
IR XA E R i R AT m. K bRk,
2017, 31 (6) : 237—241, 278

Liang Y, Kang J H, Zhu R, et al. Effects of mixed
applying controlled-release urea and conventional
urea on yield nitrogen utilization of spring maize in
rain fed region (In Chinese ) . Journal of Soil and
Water Conservation, 2017, 31 (6) : 237—241,
278

PRHE, WIEZ, JTRIE, 5. RIS F X4 /h 2
it U R R R R WS . A SR S IR
iz, 2008, 14 (3) : 450—455

Chen X, Tong Y A, Kang H H, et al. Effect of
postponing N application on the yield, apparent
N recovery and N absorption of winter wheat ( In
Chinese ) . Plant Nutrition and Fertilizer Science,
2008, 14 (3) : 450—455

ZEE, KA, BRBE, SF. ERIREXKFEAET
KRR i AR R ARG R sg . b E 5 S R,
2018 (1) : 23—27

Li Z G, Zhang R H, Chen F, et al. Effect of
controlled release urea combined application with
common urea on yield and nitrogen utilization
efficiency of rice in paddy-upland rotation ( In
Chinese ) . Soil and Fertilizer Sciences in China, 2018
(1) : 23—27

FERE, REM, BREM, F. ERIKEAR L
AE it X K e A B R R s K R R R,
2016, 30 (4) : 178—182

Wang X Q, Zhu J H, Chen B C, et al. Effects of
different proportion of controlled-release urea on rice
growth and soil nutrient ( In Chinese ) . Journal of
Soil and Water Conservation, 2016, 30 (4) : 178—
182

PRade, skEoe, HRSZEk, A ARJL-F R A A 2
AR Rk MK A R A A ARl
iz, 2015, 23 (5) : 535—543

Chen S Y, Zhang X Y, Shao L W, et al. A
comparative study of yield, cost-benefit and water use
efficiency between monoculture of spring maize and
double crops of wheat-maize under rain-fed condition
in the North China Plain (In Chinese ) . Chinese
Journal of Eco-Agriculture, 2015, 23 (5) : 535—
543

http: //pedologica. issas. ac. cn



1 3] SRAANAE . RLIE T X A /INA R R i e BB M IR B 52 175

Effect of Nitrogen Application on Yield and Nitrogen Use Efficiency of Winter
Wheat and Summer Maize in Fluvo-aquic Soil

ZHANG Weina' LIU Yujuan' DONG Cheng' XIE Yingxin'" MA Dongyun' ZHAO Xu®'
YUE Yanjun® WANG Chenyang' GUO Tiancai'

(1 College of Agronomy, Henan Agricultural University/National Engineering Research Center for Wheat/Collaborative Innovation
Center of Henan Grain Crops, Zhengzhou 450002, China )
(2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China)

(3 Henan Xinlianxin Fertilizer Co. Ltd, Xinxiang, Henan 453730, China)

Abstract [ Objective] The aim of this study is to explore reasonable nitrogen (N) fertilizer
management mode in Fluvo-aquic soil of the Huanghuai Plain, in an attempt to provide certain theoretical
and technical basis for accomplishing the goal of zero growth in consumption of chemical fertilizer in
China. [ Method ] A stationary field experiment was carried out in Fengqiu of Xinxiang, Henan Province,
a typical grain crop growing region of China, from October 2015 to September 2017. Then experiment was
designed to have four treatments on N fertilizer application, concerning mode, i.e. Treatment T1 (application
of loss control urea once as basal), Treatment T2 (application of conventional urea split as basal and
topdressing), Treatment T3 (application of loss control urea as basal and conventional urea as topdressing),
and Treatment T4 (application of conventional urea as basal and loss control urea as topdressing), and
four N application rates for each treatment, i.e. (0, 80, 160 and 240 kg-hm™). All the treatments, except
Treatment T1, received 60% the fertilizer as basal and 40% as topdressing at the jointing stage of winter
wheat and at the flaring stage of summer maize. [ Result ] Results showed that average grain yield per
crop, average annual yield, and average annual economic benefit increased first and then decreased with
rising N application rate, but average nitrogen use efficiency (NUE) declined gradually all the way. Among
the treatments, Treatment T1 160 kg-hm™ in rate was the highest in yield and economic benefit. In addition,
it was also found that Treatment T1 varied sharply from all the other three (T2, T3 and T4), which did not
between themselves, in wheat grain yield, annual yield, annual crop output and annual economic benefit.
Furthermore, analysis of the economic benefits of the two years showed that, Treatment T1 was lower in
labor cost than all the others, the same in N application rate, because it saved the labor for topdressing, and
moreover it was relatively high in yield. So among the treatments, Treatment T1 was relatively higher in,
economic benefit. [ Conclusion] Based on the equation of analog curve between yield and N rate, it is
found that the application of loss control urea 160 ~ 173 kg-hm™ in application rate, is relatively suitable to
the studied area where rural labor is quite limited, and hence has a vast prospect of extrapolation.

Key words Loss control urea; Winter wheat; Summer maize; Yield; Nitrogen use efficiency;

Economic benefit
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