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T, kPR R AR R RN, i 236.25 ke/hm® U, KPR RS A ok - NERIEE
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SN YA R 2R K. ARSE SR
HE, 2002 ~ 2016 AFEGE TR WoR BN A oK™
4.7 thm’; Hf 2002 ~ 2007 4E, SEMA EokH
750 5.0 thm®* 5 2008 ~ 2016 47, # M A E ok
By 4.4 vhm® (SO SIS ), ZHAAL
FAE L AR X L AR b e R A 2 3 AR
kAFOK R, FNRRShEZ " &
WAL, Rl A S Y, R R R
il A ot S A Y, R A ) B i
33970, A TSRS E B RRMHAN, SER
BRI S R, B E A B AU SRS
FERRE R AU R S R R R S
P ORHE . FOK . /NZE R M B A b
WEAEY), (X T EK - /NEZRIEAERANE E T
IR TR D, KEB I oK B R i 00T
52 11 SR DT 3B RO A R K 2 B
S, s RENNAE ERE Y, Bk
WIEK - NEMEEMR D, ik, ZH S
N R M RE AR SOR  oE A, AT 3 AFEAY I
RS, ZiG %k w . AR R IR,
5T T ARt A 0 i R i 2 — BRI RAE
Yrrea . FARFIHER . LETHLA S ZRZmW, N
BRI - AR RIEY R . 5
I N it FH A AR

1 RS

11 RE S SRR

TR0 B AE SN PR, AT Bt BH T AR IR DX
2 (106° 31" E, 26°26" N), 1ZIX & #4435
BRI, KRR, FHIRE 149 C,
TeRE 285 d, AFEREJKHE 1187 mm, FEEHF
4 ~ 10 H. Hbik e R SN s R B0, S iE o
gLkl L REBUR B R e 1o B TR SR A
TR Ty . BRI 1821 ke, AA 144 okg, 2B
0.68 gk, 441 24.66 g/kg, FRHE 13.33 me/kg, HAK
B 8230 mg/kg, 0 ~ 100 em +)ZMIAEAE (NO;-N)
126.8 kg/hm®, pH{H 6.1, +IEATE 1.29 g/em’,
1.2 gt

KBS F 2011 4F 4 H IF 4R, 2014 4F 6 H 45
P Pl LU R e b, 1 YRS, BRBE 10°, %
6 MEH, NXEA K 315 m* (9mx3.5m), 3K
A, BPLXAHS], DN FRIAE KT IR
1, Hrp gk /NE NOARAL R DL oK /NS
N 2 N

NEFRRIEZE & 1485755, 76 b B > 0Lt A ) Ll
Bt TR i, A A E R . A
Jifi i 42 ¥4 A P,05 120 kg/hm®, K,0 120 kg/hm®; /)
A AE Ty Aok S5, A AL BRAEE . B A Y
} P05 75 ke/hm®, K,0 90 ke/hm®, EIERIRZE, E
K Z i - BE AR L 20:30: 50 Wi, /A Bp
BEBE AT LA 4022040 it BEAE N o B
5 (P05 12% ), #IEAGIRE (K0 50% ), ¥1E
FENE Ut o HE R4S LA 4% BR Y b A H )
IHEF R o B EOK RO BB 21, /NE S FD
JE 18, ERT A4 AR5 Avfii, T
BRI A AR, 9 AREk 10 A _EAjlik.
INAETAE 10 AR AR, T4 BEIURI R R 6 T
WAE 5 HIKEL 6 HRIoik . /NI EKRTE 5 A A
—AHBER,

F1 AERELE (kg/hm®)

bS] G N N

NO (CK) 0 (ANjtiUE ) 0 CANHEZEAE )
NI 146.25 (75% N :4k) 90 (75% N k)
N2 195 (N flifk) 120 (N itk )
N3 243.75 (125% N 4k ) 150 (125% N {4k )
N4 292.5 (150% N fitfk) 180 (150% N 4k )
NS 390 (200% N 14k ) 240 (200% N {46)
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AR R E
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HEE (em ),

R0 B Ak B SR FH Excel 2010 A1 SPSS 20.0 4%
PTG 0T, 45 3R Duncan ¥:AE P<0.05 7K
S AT AT

2 RSS9

2.1 B - NEREEKRR T E

MF 2 ATHL, EOK 3 ARy R NI>
N2>N4>N3>NO>NS5, RIAGifE & I, Kk Rr =
O 2.429 t/hm®, 7= Bl U A B IR EE I, 4
it A B 35 N 146.25 kg/hm® i (N1 ZRFE ), F KK
B, N 3.722 vhim, 225 B AL
BT R ARG, 24 L IR N 390 ke/hm® B (NS 4k
), EOKRFERL =L, 42277 vhm’, N1 H
NO 2 5 53.2%, NI 5 N2, N3, N4 2% 3 A g #,
HNO. NS R RE;, NE3FLETmERARN
N3>N2>N1>N4>NO>NS, B itE Z AL, /N3 ki
FEEE R 0.948 thhm?, 7=t i il 20 B 19 184 o i 1 o

FAG, Y0t HEIS N 240 ke/hm® B (N5 ABFE ), /)N
kR R A K, M 0.745 thm®, N3 F NO 2 &
28.6%, N3 5 N1, N2, N4 Z R A&, N5
S B - /NEREE 3 FFEERRIN
N1>N2>N3>N4>NO>N5, B &R E;, Tk -/
FMEEFERL R 3.377 vhm®, 7= 8 B A 9
B, K - ANZ B AR A N 236.25
kg/hm? (F (N1 AL B ), FFRL = i fic i, oK 4.842
thhm®, 22 J5 7= E il 3 IR, Mt Ak
N 630 kg/hm” (5} (NS ¥ ), oK — /NE [ EMEFF
R RAL, S 3.022 thm®, NI b NO #2475 43.4%,
N1 5 N2, N3, N4 ZRARE, 5N, N5 2250
Fo AT, AR R B R K S B A
ST, SR KIS, R A
RN R e, H/NEAERIE A 2 R LT, F
PR I R AR SRR B Y AR
PEHFEARBEM (F2), RYWEK - /NERIEE
FRPFF L 5 S R, 7E—E

HEAHES N 150 keg/hm? B (N3 AR ), /NAFPRL™ BN, BB nm s, (BRI —
HiRE, N 1219 vhm®, ZJEPRBEEARROING KPR, BT TR, R IR,
%2 SETFELBHIENTRREFE
o ok Nk it
R (') K (%) R (') K (%) FPRHE (') K (%)
E
NO (CK) 3.174 £ 0.150c 0.875 £ 0.138¢ 4.048 = 0.275d
N1 4.049 £ 0.125a 27.6 1.263 £ 0.241ab 44.4 5.311 £ 0.366ab 31.2
N2 4.042 £ 0.154a 27.4 0.970 + 0.13%bc 10.9 5.012 + 0.265abc 23.8
N3 4.022 +0.158a 26.7 1.439£0.101a 64.6 5.462 +0.199a 34.9
N4 3.551 +0.162b 11.9 1.099 + 0.247be 25.6 4.650 = 0.397¢ 14.9
N5 3.565 + 0.208b 12.3 1.282 +0.101ab 46.6 4.847 £0.137bc 19.7
Ea
NO (CK) 2.741 £ 0.135¢ 1.202 + 0.040ab 3.943 +0.110c
N1 3.836 £ 0.165a 39.9 1.262 +0.179ab 5.0 5.098 + 0.289a 29.3
N2 3.835+0.185a 39.9 1.310 £ 0.152a 9.0 5.145 £ 0.284a 30.5
N3 3.291 £ 0.129b 20.1 1.233 + 0.350ab 2.6 4.524 +0.387h 14.7
N4 3.494 £ 0.079b 27.5 0.923 + 0.034b -23.2 4.417 £ 0.094b 12.0
N5 2.591 +0.139¢ -5.5 0.442 + 0.096¢ —63.2 3.033 +0.234d -23.1
et
NO (CK) 1.372 £ 0.642bc 0.767 + 0.256ah 2.139 + 0.870ab
N1 3.282 +1.136a 139.2 0.835 £ 0.007ab 8.9 4117+ 1.131a 92.5
N2 2.922 +0.914ab 113.0 1.119 + 0.240a 46.0 4.041 £ 1.150a 88.9
N3 2.924 + 0.602ab 113.1 0.984 + 0.334ab 28.3 3.908 + 0.936a 82.7
N4 3313+ 1.679a 141.5 0.967 + 0.406ab 26.0 4.280 £ 2.081a 100.1
N5 0.677 + 0.006¢ -50.7 0.510 = 0.236b -33.5 1.186 +0.238b —44.5
SRS
NO (CK) 2.429 +0.881b 0.948 + 0.245ab 3.377 = 1.040b
N1 3.722 +0.671a 53.2 1.120 £ 0.261a 18.2 4.842 £ 0.823a 43.4
N2 3.599 + 0.700a 482 1.133 +0.216a 19.6 4.732 £ 0.789a 40.2
N3 3.412+0.579a 40.5 1.219 +0.316a 28.6 4.631 £0.852a 37.2
N4 3.453+0.851a 42.2 0.996 + 0.251ab 5.1 4.449 £ 1.073a 31.8
N5 2.277 +1.279h -6.2 0.745 £ 0.427b -21.4 3.022 + 1.595b -10.5

e PR/ NG PRFORIKE] 5% Li2es B4R, THE.
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INEFERAR SRR, SR RARRE, E
R 2. WAEPR= AL S (£2), HEFM
FEAERRIGIN, F B AEREAR, A F Iy 2550, N
WS AR A BT M/NEAE T
FHERRTEE T, SRS T AR5,
22 # - BRlERRAE WK

it FHANEREE U Fok L /NFEXRF R E R,
F 3R, AR, FARRERIG A R AR R
AN 250, 24.1 ke/hm®, AN E, WA
W, FERIA 243.75 kg/hm® B (N2 4b3E ) |
T KT R W R A RN A A 43 5 R 49.8. 37.7
ke/hm®, HABIE M, 25 bt ammm, ma
TR, 7EMEZ 390 ke/hm® BF (N5 ARHE ), FOKFF
7 I R VRS FR IR 20 40 318 32.00 25.0 kg/hm?,
FLREAE AL PR e IR ME ;. AR, /N2 FPhL
W SR A FRS T R 40 501l 26.3 1 17.9 kg/hm?, i
RN, WRBEZEM, A 150 kg/hm® i
(N3 AbFE ), ZINZZ AT R 280 RS 0 280 43 ) o
37.4, 37.7 kg/hm®, HkEl @, 25 bt &
W, WA R, 7R 240 kg/hm® B (NS Ab
BL) /NG RRL R SR RN R R 4 R 23.4
20.9 kg/hm®,  H.I5 5]l AP A B A e AR (B, ANt N0
BF, oK — /INE (ISR AT L I L o RRS I R o
I35 R 51.4, 42.0 kg/hm?, i FHEEG, WA EZ
W N, 7E % 393.75 ke/hm® B (N3 2R3 ), £
K — INZZ [ EAERTRI A 85.6 kg/hm®, HLikH

S, TEMEA 315 ke/hm? BF (N2 Ab3 ), Eok -
INFE T EAERE R AR R 71.1 kg/hm?®, ELIAE R
B, ZJakpEaam, AR TR, 7EiA 630
kg/hm® BF (NS AbHE ), £k - /NERIEMEFPRI A
RIRS AP A 209K 55.4. 45.9 kg/hm®, Hik#|
EAEAL B i Il PIIL, Bl i U= A3, &
Ko IINZERFRL BRI 2R 5 e N 9 i i )
LA il AL B NSRRI RN E KRR
WA 5 = T NO, BRZS NS AbHRL; 45 Ah BRI AS FF
WA A B 22 5 U/ INEE N3 A BFE R RIS
FFON R o AL B Bk — /N [ ARk
FIRG AP 2 (BR2s NS AR FE ) 2y 2 5 T No Ak
L, OUiBA, B GV RR B E N TR L N
B RFEFF AR, A Z AR T EoK . N FPRL
MFEFF AR B ryys .,

MWEREF R E, T REHHERH A
NI1>N2>N3>N4>N5, £ K f¢ 5 7= i 4 3.722 thm’
(N1) W}, Jifi & & 4 N 146.25 kg/hm®, 25.4% R4k
NE A BB BE TR, W% & T N3, N4, N5
AL B NAZ FOIE A 2R R B N3>N2>N1>N4>NS,
INFE B PR RN 1.219 thm® (N3) B, /N2 &
N 150 kg/hm®, 20.6% 1 16 I8 & B 19 B /1N 22 ¢
WA, W35 @ T NS AR oK - /N EAE
B e O 4.842 vhm® (N1 AR ) A, Jifi 0
N 236.25 kg/hm®, 23.2% ML AE A BEGE W & - TR
WA, 3w T N4 N5 ABHE,

R3 ZEIFFELENENRERRENE

3 NG JEI4
UKV FPRIWERE REAAEE ZUCRIHERE O FPRAEE R AUCRUER OfPRERE RS AUCRI R
(kg/hm®) (kg/hm®) (%) (kg/hm®) (kg/hm®) (%) (kg/hm®) (kg/hm®) (%)
NO (CK) 25.0%103b 24.1+10.5a 263+ 142ab 17.9x11.2d 51.4+22.1b 42.0+9.0b

NI 495+95a  36.8+20.5a 254 34.7£103ab 272 +7.5¢ch 19.6 842+ 147a 639z 18.6a 232
N2 498+93a 37.7+156a 19.6 352+ 11.6ab 33.4+9.1ch 20.3 850+ 144a 71.1%19.0a 19.9
N3 48.1+£100a 30.1+143a 11.9 374+10.1a 37.7+7.4a 20.6 856+ 162a 67.8%16.6a 152
N4 474+127a 34.1+155a 11.1 30.1 £8.0ab  30.5 +8.8ch 9.1 77.6+£166a 64.6+22.1a 10.3
N5 320+137b  25.0+10.4a 2.0 234+123b 209+ 6.7cd 0.0 55.4+250b 459+ 15.0b 13

23 oK - ANERIEERR LD RTCIA &=

YEM k)G, #HZ2 (0 ~ 20 em) HHERAEAS
A (NO;-N) | B %A (NH;-N) 43 Ho ) W 3%
4, EXZ LI 3% ~ 124%, NEZE LN
45% ~ 7.0%, %5 AbFRHFE £ 18 b NH-N i B
e AHEENER, FKRZEWER G NOs-N Fil NH;-N
439k 324, 3.1 kg/hm®, Jiti &AL 5, NO;-N £l
747

NH;-N ¥ 5 3% 7 38 i, 76 it 2 390 ke/hm® Bf (N5
4b B ), NO;-N FiI NH;-N ¥ B 7 5] 4 69.1, 86
kg/hm?, FLIRE Rl AiARIERE, /N2 ok
J&i NOy =N il NH;-N 43 4 47.3, 2.6 kg/hm’, it Ji]
RIEJE, NO;-N 1 NH;-N ¥ B 2 i, 7 it &
180 kg/hm® A (N4 4bBH ), NO;-N Fl NH;-N ¥ & 5>
A 1384, 7.9 ke/hm®, HIAF| e EE, FENA 240
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kg/hm® {5} (N5 40 3 ), NO;-N il NH;-N ¥ £ 5> %
91287, 7.7 ke/hm®, 5 N4 ACFEIC B E 2R, NI,
NO;-N 5, NH;-N F) 1% 55 347 45 B it 2k 00 185 o o 4
s S ANCH A L, HHERE TR
MTCHLEREZ , TSI A ZE 13 e WU . ANt A

JEEE, 0 ~ 1 m HHEHEREA A TCHLEH 275.5 ke/hm’,
M AN G, TR LA Z S 2, YA S
630 ke/hm” [N, 1-3E5% B TEHLA N 616.9 keg/hm®, H.
REE . I, 0 ~ 1 m 3 EREE TCHLA
P it 2 () 1 22 S A AR R N A

F4 ZEAFLENIELTNRSENE
EAKZE (0~ 20em) INFZEZE (0 ~ 20 em) JAAE (0 ~ 1m) FAEREE LA S
EUS I S Y AL/ A AEE HEEY LA Lm R
(Nkg/hm®)  (Nkg/hm?)  FEEE (%) (Nkg/hm®)  (Nkghm®) AR (%) (N kg/hm?) sl (%)

NO (CK) 32.4+34.4a 3.1+2.4b 9.6 47.3 +£40.4¢ 2.6+2.1a 7.0 275.5+79.8d 18.1
N1 55.8 £40.0a 4.7 +2.5ab 8.4 54.4 + 38.3bc 3.0+ 1.8a 5.5 301.5£91.5¢d 19.0
N2 54.7+31.4a 5.1 +3.3ab 9.3 76.3 + 47.9bc 34+19a 4.5 202.1 +82.1cd 27.3
N3 54.8 £27.9a 5.6 + 3.6ab 10.2 91.1 £20.9h 49 +3.8a 54 366.5 + 41.9bc 26.2
N4 60.8 £ 39.7a 6.1 +3.6ab 10.0 138.4+41.9a 7.9+ 74a 5.7 431.2 +76.9b 33.9
N5  69.1+37.6a 86+66a 124 1287+332a 7.7+82a 6.0 616.9 = 109.6a 22.1

2.4 FOK - /NERIEAER R 1 A EE G T

HE TR, FK7 R SEA R CR T
WM TG . TR, KRR &
(3655.0 ke/hm® ) Bt &0 A 193.8 kg/hm®, T4k
BENL, N2 Z[al, YDAt s ™ e 95% AR = ittt
HASH], AR 3 472.3 keg/hm®, R R
} 269.4 kg/hm® (452 ) F1118.3 kg/hm®, 118.3 kg/hm’

5000

kg/hm?)
i
(=3
(=]
S

FRAPR 3 (
S
g

o 3
10008 y=—0.032x>+12.406x+2 452.6
R*=0.3118, n=54 3
0 . . . ‘
0 100 200 300 400

Mg R (kg/hm?)

E-FERGEFEE (kg/hm®)

y=—0.012 3x’+8.679 8x+2 452.6 S
1000 R?=0.344 7
0 L ! L L L L )
0 100 200 300 400 500 600 700
AR (kg/hm?*)
1

NIREE SRR e TR, RS it A
oA 101.7 ke/hm® B, /22 R = s e (1 193.6
kg/hm’ ), FEAEAT N1, N2 Z 0], YA =8N
1 133.9 kg/hm® B}, UK 151.9 ke/hm® (5 25) Al
51.5 kg/hm’, 51.5 ke/hm® b R85 A 4 4k # 2t AT 6
THAAS I RAE M A il 352.8 kg/hm® I, JEAER - &
RISk R et (3 983.9 kg/hm?) , A AT

2000 [

E 1500l e 8

E 8§ ¢ ¢ 2

=z g 8

@ 1000 8 ¢ © g

2 ©

& o

o

Iy S00¢ 1=-0.023 7x*+4.819 5x+948.59° 8

R

< R?=0.240 4, n=54 8
O L L L L J
0 50 100 150 200 250

iR (kg/hm?)

700 [

£ 600} o

2 s00 | ¥=0.001x7-0.198 4x+211.38 o

=z L 5

Hjé o R*=0.746 3

& 8

£ 300

AT

i =3

200 °

- ]

£ 1009 8

Q

(=3
0 1 Il Il Il Il Il ]

= 0 100 200 300 400 500 600 700

(=)

i E (kg/hm?*)

ERESERIMIIEIRHIIUE B Lk
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N2, N3 i), A%}~ H 3 784.7 kg/hm’ A, Jifi
H A 480.1 kg/hm® (4725 ) H1225.6 ke/hm’, 225.6
ke/hm® A FREE AT AR i

AT L RN R0 Ay H A, S8 9 7 Y )
B8 A0 X A BE s, Gl O 3 AF I R, B
0 ~ 100 em +HEHFR B 1) NOS-N REE (H8i4g
b ) A E RIEBA B BRE 25k, (1) #20
B g 5 7 R 1 95% Xy it i ( IRBE A
WEFE AR ), (2) FREEAAF YR A B ik i
E e R AR 75%, (3) &mrsaaEie
WAEW 75% B m WA ARE, (4) K
Thm AR AR, W LIS AR /U
AR 4 FPEH: (1) MR E N0 ~ 225.6
ke/hm® B}, HF K7 7= &k 2 452.6 ~ 3 784.7 kg/hm®,
NO;-N L E 578 2114 ~ 2175 kg/hm®, # - E A
it A D, - HENOS N BB A
K 0.03 kg/kgs (2) 24 i Al & O 225.6 ~ 264.6
kg/hm® B, k7 7= 5 4 3 784.8 ~ 3 888.2 kg/hm’,
NO;-N 1 2 & # 217.5 ~ 2289 ke/hm®, 3 Jifi &
N, AR T JEAEARLG 2, 1 NOJ-N B R &
BRI 0.29 ke/kgs (3) M5l 264.6 ~ 352.8
kg/hm® B, J& AR FF R 7= & Ol 3 .888.2 ~ 39839
kg/hm?, NO;-NFH H it 7F 228.9 ~ 265.9 kg/hm’,
WAL, A R TR R 77, 1 3 NOS-N ]
B B R 042 ke/ke; (4) MEA R KT
352.8 kg/hm’ iif,  AF KL 7= & /N F 3 983.9 ke/hm’,
NO;-N L 2 & K T 265.9 kg/hm®, 4 jifi & AE, A
TR ORL 3G 7, b NOS-N B R B R T
0.51 kg/kg.

3 1tig

3.1 A AKX % - BiefER R, A F
W2 WAL F) 52 i)

it FH L BE XS In Ve =i, i it FH U )
AR SR AT Y e ek . b
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Effects of nitrogen application regime on yield and residual nitrogen in yellow sloping soil
ZHANG Bang-xi" > *, FAN Cheng-wu', LI Guo-xue’, WANG Wen-hua', ZHOU Rui-rong', HU Gang', QIN Song" *
[ 1. Institute of Soil and Fertilizer, Guizhou Academy of Agricultural Sciences, Guizhou Guiyang 550006; 2. Scientific
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Observing and Experimental Station of Arable Land Conservation and Agriculture Environment ( Guizhou ) , Ministry of
Agriculture and Rural Affairs, Guizhou Guiyang 550006; 3. College of Resources and Environmental Sciences, China
Agricultural University, Beijing 100193 ]

Abstract: This study aimed to investigate a reasonable application of nitrogen fertilizer in wheat-maize rotation system on
yellow sloping soil to achieve an agricultural sustainability and environment-friendly nitrogen application. A field experiment
was conducted to study on the environmental endurance and optimal input rate of nitrogen in a maize-wheat rotation system
with different nitrogen amounts (0, 146, 195, 244, 293 and 390 kg/hmz) in maize season and those (0, 90, 120,
150, 180 and 240 kg/hm® ) in wheat season. Results showed that the grain yield and total nitrogen accumulation in plants
increased and then decreased when the nitrogen application rate was continuously increased. Annual nitrogen use efficiency
was less than 25%. Most of nitrogen that resided in soil were NO; -N, which increased with increasing nitrogen application
rate. Indeed, there was a positive correlation ( R’=0.746 3 ) between the accumulated NO;-Nin 0 ~ 100 c¢m soil and
annual nitrogen rate. Nitrogen in the surface soil was indiscernibly, while that in 0 ~ 100 e¢m depth of soil was considerably
affected by nitrogen application rate. The annual yield was 3 784.8 ~ 3 888.2 kg/hm” and the annual accumulated NO;-N in
the 0 ~ 100 cm depth of yellow sloping soil was 217.5 ~ 228.9 kg/hm” when annual nitrogen application rate was increased
in the range of 225.6 ~ 264.6 ke/hm”. Results suggested that increasing nitrogen fertilizer in the aforementioned range only
resulted in the increase of accumulated NO;-N in 0 ~ 100 ¢m depth of soil at an average rate of 0.29 kg/kg, and thus, which
can be optimal nitrogen application rate to the wheat-maize rotation system for sustainable agricultural development in areas
with yellow sloping soil.

Key words: nitrogen application; yellow sloping soil ; yield; inorganic nitrogen; wheat-maize rotation system



