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Effects of Different Tillage Patterns on Maize Yield and Nitrogen Utilization
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Abstract: The effects of integrated tillage pattern on maize yield. utilization efficiency and direction of nitro-
gen fertilizer in aeolian sandy soil of northeast China were studied, and the relationships between maize yield
and nitrogen utilization efficiency under different tillage patterns were discussed, which would provide scien-
tific basis for rational tillage pattern of maize production in this region. In the aeolian sandy soil region, "N
labelled micro-plots were set up in conventional tillage (CT), integrated tillage pattern 1 (ITP1) and 2
(ITP2) treatment, and CT was taken as contrast treatment. The effects of ITP1 and ITP2 on maize yield,
utilization efficiency and direction of nitrogen fertilizer were studied. The results showed that the maize grain
yield significantly increased by 30.10% and 15.53% in ITP1 and ITP2 compared with that of CT, respective-
ly. The nitrogen utilization efficiency of three tillage patterns ranged from 27.10% to 35.46%. The nitrogen
use efficiency was 35.46 % and 31.40% in ITP1 and ITP2, respectively, which was 30.85% and 15.87 % high-
er than that of CT. Compared with CT, the residual nitrogen of ITP1 increased by 18.67% , and the loss rate
decreased by 45.65%. The residual nitrogen of ITP2 was lower than that of ITP1, but higher than that of
CT., but the difference was not significant. However, the nitrogen loss rate of ITP2 was 24.36 % lower than
that of CT and 39.17% higher than ITP1. Both of integrated tillage patterns increased maize yield and nitro-
gen use efficiency, and decreased nitrogen fertilizer pollution. Thus, IPT1 and IPT2 were potential strategies
for increasing maize yield in aeolian sandy soil of northeast China.
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5 H#A:2018-09-24

BT AR #5 ATk CRALD B 1 (201503116-03) 5 B 515 B TR R 25138 A A 5 H

FE—1EE R RAT5—) B R G AR R, RS LRSS . E-mail: qiaoyunfa@163.com
BEMES BRI —) o it FENF L HORAIE T . E-mail: miaoshujie@126.com



206

KRR R

%33 &

FRAE R E AR A b A A, Ry R
FME LA KR E KPP AEL B 189 kg/hm* A
Al Tl TR EOR P SR T SR it A A B R R
KAGT™ P2 B LB RN AT AR, O TR R T,
H 20 22 80 AR LAk , T F KAk B AN i H &2 8
ARBETINTS L RO A R it P AN R SR AT ok — R 47
WEE A, O gl T A ek . RILRY +
M X R OK B X 22—, V™ L KR
NERE 155 . HET AR L XD 4 X K ok o v 32 22
& T ARER SOR 8 A B S B0 RUIE AR AR A 3 m
BT U o A BEARVE A SO 4 R OK 7 B LA
PR AR ) R EEE XY,

KT R AA I [a] 1y BE A} 220 s 1) e 4 2k N
HMEF AT T EMIE . IRWIZARE P N R 2R
EEHARIRVHL G A E Ak 2 Foite IE 8 B 7 O i 4 £ X
TR A E M A BE S 2 1 sg ), A% 48 757 0 N ZUEF)
R J 20.8% , 1 HE5R B 56.2% . 4512k 23.0% ; Ak T5 =X
RN Z ) R IR 1 338 5% B3 > VE e e > 412k . Bhogal
SO TR R 3% SR K 3 06 o B AT R B it Ui R 40~
200 kg/hm’ i, fiti A B IBA 8% ~20 % # F Z=EH Wk
WORI T . R RD 26 o 52 me) HE A R, 22/ R IE B oA
R HE L BE T A2 8 1R A Bl B SR T R AR
P VR 7 FRE R FH AR B TR R 2
it A A B+ AR SRR R A X E AR K R T
JE AR FH 503 A A AR B RS T AR IV R K

AL IXC, 257 TR A + 2% B A U 4 1 398 19 7% {3t iz R
LR IEA RN 5SEY R AW E YA, A
T EKEFE@RUES G N B
Jite XoF S M 1) 3 R UM 2% Il s Wi A 5 5 45 B A it
A AT P LU R Y B v 0N ) A R R R A
355 G 1 HE e

HHIE 5T 45 2 32 B2 48 vp DLZ /3 i 4 o itk +
e R FE I — A H R 26k A8 R A B9 5% w0 DAY N
PN S NGEAE VP IE TR A % (X WO B )
JIES ) T A 55 e i DL 4 3 L PRk, AR SC AR RS 0
WG4, R N AR IE 7R B8 3 A K TR 48 1k 48
BOBRERL T, T oK EUIE W R B 2% i) B L B
AN R4 BB VR R ZUIEFH 22, 9 R KD £ b X
T AR BEAER AR} 2 e 1 52 AL FIR AR 40
1 RSk
1.1 HRXHER

5T X AEAL T AR A6 T 4 X 1 2B e VT4 KR
AL R RR S 1% B IR B (LR AR AL 58 B Rl
B B X 64T (46°80' N, 124°45'E), i3 X 34K &
JE 132 mL AR AR 3.1 C, =10 C G sh AR
2 600~2 800 C, LFHH 145~ 150 d, 4E XK &
400 mm A4, BN EEEPTE 79 A.FETHW
D BENR ZERR TR ILES”, Bl AL
YD A e BEVE T2 Uk A 3 ) TS AR B AR T DL 1,
FAe ) B2 Ry K AR, —4F — 2

F1 S TEERELER

1R 2N/

R/ em

B N/
(mg+kg ")

w3 p/
(mgekg ")

ALK/
(mg+kg ")

2P/

NI BN

(geke™) (goke™) (gekg™) (grkg™) (geem™®) >0.02mm 0.02~0.002 mm <0.002 mm

0-=17
17-129

94.92
47.14
16.16
16.01

2.46
317
2.56
211

93.6
68.4
52.8
5.8

8.02
8.09
8.12
8.24

0.61
0.42
0.25
0.19

29—60
60—100

0.36
0.18
0.16
0.11

25.85
25.46
26.32

25.90

9.11
743
1,96
2.99

1.29
1.60
157

1.55

70.32
T1.24
1457
80.13

11.20
7.01
6.99
1.28

18.48
2175
18.45
15.60

1.2 Rt
1.2.1 X% IR + R + 5, i 5%
B8 3 MERFHER R (DESEE(CD; (O 4k

E AL TATPD) s (O E AL 2(1TP2) , 41
HHERS R R W% 2, FiRE /DKM 10 m X 5.6
m,/NX AR 2.1 m,3 IREH .

®2 FEHEREAHI

WE PR 9 A 1 AN e
Cr e PRI AKHRA R AR B 17 o AKHR Y8 I E 1
’ TR e B SR AT VR -
Vet s POV B BERY A B BB AAT BUR BT 20 om. R AR S A
R T VAR T 30 cm . AR T 24 cm . 36 I G 76 TR 4L 1 U 28 &5
A BRI BB 15 T TR A A - B R D R
D Ly ﬂﬂ ik %éﬁ%ﬁ%ﬁ i mhm‘m‘ it i/w
ITP2 b 2 N 551 RS 10 em, 58 2 IR 17 em, 56 3 YWWIRAR & 25 om [
Al SN S AR 2 6 2+ 23 om 4b
1.2.2 "N #R#&ZE HE/PXHEE”N FRiC HE A X R, B FE B R IRK S, B/ X EE K i



% 5

It o K AF AN BV E R AR AL KD 4 X 3 K 7™ S 23 ) 3 09 5 ) 207

& 2 m JEAG VR 7 AR R 2 A TIX A
Xt N Fric AR, 55 — ik DX 35 3 2000 47 & L 2 A4S
TROX TR BS 2 m, 3&Fh 7 Bk T K B 1k PR B X A8 95 3,
FAZPEHLR: 70 cm X 56 cm X 105 em A9 ERHE K AR
[ X R AE - 5 em B AE MR Z 1L B 1R fIX Y
S EIERR NG, 2017 4E 5 A 9 H F Z= 5% Fh AT 7E
X PHH 500 ¢ A4 4,0t 5 mm i, F5 BOEE
(4 PR 25 RN LB IE TR 21, B I HL A% 25 it 2 3 X i 6
cm WAL, BEK 5 35 Fl, FhORE 9% B2 2 BR/BIX, BR R
28 em OIS T4 M b AE 25 B2 5.1 J7 Bk /hm®) . Jifi 2
#:N 190 kg/hm*.P, O; 120 kg/hm*.K, O 25 kg/
hm®, 1/2 Rl PR | o 05 IR 45 | R B0 IE A oy 26 1
TERG TRt . 1/2 4 PR 3R B8 AE K31 36 i .
1.2.3  HaX A4 P BRSO Ak 3027, )
DX Ak it 38 3 A S 5 PR 3R A A RIS o Wl IR A5 A Ry
WA B R B S A . AR DX P Bk SR FH 43 A 4l Ak 2
RN A T A DXt A /I8 Sy L AR TSR B
FERYEN P N 19.58 % BIARIC IR R . B — 4
B DX it 3 BT 2 PR 28 Ak 2% 3 7 2o ol R A A S A L
2 HRAE R IE
1.3 HBXESNUE
2017 4 10 H T KW UK G X I B K A iRl
NG FE R AEFFRATRL ATy 3 #8453 7E 105 C A&
#H 30 min 5,75 CHT 2AHE, AU T &, KHT
G370 A8 B A R AE A R R AT 0.15 m B IR AT S .
AT S EM N R a8, FRIRE,
SR U VR B 300 TR L #5220 em T FIXC
0—100 cm 4875 5 AR AE H R i, B RLIXCR 3 4
[F 2R A T BFEE 20,15 m 5, 0TI A&
HHYN FTFE4 . 2018 4F 2 A 64 R FAE Y
FE A AR L B L N B R A &R
JBT A 5
1.4 HESH
TR R A A ok B AR IE T N OISR AR L
B F % IFEAK N
fﬁ&”N,,*S'SNAk
YN, —6" N,
K07 N, Rl 5o 5 Anic XA i 9 N+ 4 8
(%) 30" N, Fik B0 5 ARARIC AR 97 N R 3 53
()30 N; NARICIRES N JFF H 3 0,
IS B ok A ARIE T NIRRT A =
SR E R XY SR SR XS
RN =" N Fric AE it H i — #E AR Ik
HHUN FRic 2 & — U N Frid iy &ZUIETE 55k B
I B R H Excel 2007 1 SPSS 13 #5441

X100%

BRI 25T,
2 gR5H5r
2.1 AEAHEERXEXREYERFTEERHN

P P 1 AT S BRI () B A A Xt S S 0 e ef
WA R EE KA Yy s Ab #2557 B 35, 1TP1 Ab 3R
MY R K, O 15.05 t/hm*, 48 5tk CT A1 ITP2
Ab PR A G N 25,46 %6 F1 15,11 % ; ITP2 Ab 3 [
TG AR CT Ab BEAG 1 i %, (8 4b 2 0] 22 5 R
. ERAEY R R A RS FERURRL 3 5 4 4 A AR
FIRE AT 1 B2 20 Fr  ITPL AL B 3/ F IPT2 A1 CT 4b
B0 ITP2 A CT Ab 3] 2% 5K 32 5 FORATRL™
3ANAL BRI 2 W # L ITP1 >1TP2>CT,IPT1 43
KPR B e 5 IA 7.65 t/hm? , 35 5 24 H e H k
L CT A3 K7™ 5 e Ik, 4 5.88 t/hm” ; AR 1TP2
Ab 3R KRR i B S T CT 43, ITP2 Ik CT
AEERE 15,53 % H 2 EORAR REFF R &S CT
AbFRIA] 22 A B . XKW ITPL A ITP2 Ab AT LA
MR £ X K= i TP A 08 A 2 6K

b o e 5 L
16 r
14 g B HR B
Sk B R [
g m & a
=10 b
- c
2,
6 -
R a
4 4 F b b
2 -
0 T b T a ol b
CT ITP1 ITP2

PR
Y o PR P R[]/ ek R R [ Ak A I 28 A 2 5 L
(P <20.05) s AN[A) K5 T8 R A Wy 5 A 3 ] 22 5 b 3 (P <<
0.05),
E1 AEASEEXMEXREVENTENTIE
2.2 AEHMERK T EXRRIIE S A
2% 3 A A [ D0 Ak A OB A A X % 3 oK I i
R YR ) 5 X K AR ) a5 e R A A BLL TTPL Ak
PR AR RRS AT R i A T A 2 SRR
CT Fl ITP2 Ab 3 8] 22 5 A o 2 5 B A 5 =0 FF R it
R R RN ITPI>1TP2>CT, E KWl A AE
HR R FF U RL A 4 BE L A9 53 00 R 4.02%6 ~4.75%,
33.85%~38.06%,57.20 % ~61.66 %5, HIHFR, T KW
WA 2R T2 T Ay B AR R T T 43 T R TR AL AR R AR 2D
(<5%) . SEEMER CT M, ITP2 Ab 3 £ K
I WA 223 TE B AR BB A 15.34 %0, ITP1 Ab B K iz i
R0 0 B R AT H R 11,05 %, 11 43 FiE 3 K7 Rz v e
AR AN 2 3 U W ARV ASE =X 3 5 ) 2 43 T B AR
FIVFEFE (8 B A 76T 43 TC 30 FF R rp L 3] 52 ) S I 3
P KW AR TE B AN [ 2% B LG S i T AN ) g %



208 K PR 2R R

%33 &

RAERW A GE J1. 3 B4 BUBE 1A 20 T oK B 4%
W AR Ak 4 N T K R i R 39.02 % ~
43.38% Ab P [A] 2 5N 2, X Ud HH R R AR OR AE

ROUR 7 FARMAE RN BE . TR AL AL N 75
AR AR AUAE AL A 0 L 91 5 W A 4 2R BY) 4 B LB 81 A
L FFRL > FE AT >R

R3 EXFEBERVEESSTE

W N it/ (kg » hm )

W N 4BE/ Y

Wi N HE/ (kg « hm®) W W N 43K / 2%

b3
e R FEFF APAL Ui Lk

R FEFF APAL Ui FEAF APAL

CT 5.9b 47.3b 71.1c 4.75a  38.06a
ITP1 7.7a 58.3a  106.2a 4.49ab  33.85b
1TP2 5.8b 50.2b 89.1b 4.02b

57.20a 2.55b
61.66a 3.15a
34.59ab 61.39a

20.62b  35.49b 4.95a  38.65a 56.40a
22.0la 42.94a 4,50ab  34.41b 61.10a
3.09ab 21.02ab 40.75a 4.24b  35.43ab 60.33a

W BN R /NG SR 3R A [F] 4 B ) 25 57 8 3 (P <<0.05), .

23 AEWHEEXNERN HSFHAROZMW

HH % 4 AT, 3 AN [m] AR VR A5 =X Ak 2 ) oK Y 8
R WS R N A R R A A 2 5
PPN TITPL Ab 3 d K AR GERFAE RN CT b HiR /)N,
ITP2 b3 fE ., WA =& 2 1 ITPL A FEiA 172.2
kg/hm*, [t CT 1 ITP2 &b 3 435 34 i 1 38.65 %6 Al
15.74 %, 1TP2 4b ¥t CT AbBEHE AN 16.83% ., 3 Fhi 4k
BB A A5 5 T oK W i NOAE R R K B A
LA (5 i) 22 S O i 3, S 38 0k 40,60 Y6 5 T R e %
W N IR EE B ITP1>1TP2>CT, 544 G0 F A 4 =X
CT AL, TTPL &b #0523 i 30.83 %, ITP2 4b 3
W A 2 48 15. 84 %, TTP1 Ab 38 Wg g 384 fin 4 33 58
ITP2 Zb 3R 1 £ . ZAUIER 2 PP AR A i
BV AR bR . th 2 4 AT AL AR BESE 3 B R FE A XA
FIHRA 27.10% ~ 35.46 Y0 » FEFI A 85 & (19 1TP1
AR 35.46 %0, LA S BFAERL X CT Ab 35 R HI % 4
30,85 AN A 4, AR R Rk Z 02 Bk 1E B
ITP2 &b ¥ K 31.40 %,
24 AEMEEXTHEURERNEE

A B AR AE 20 A 25 el A 46 R WL L 5% B A
AR 3 #r . R 2 AT, i A IR R Y

[ CT B I1TP1 ITP2
100
E 80 a
0 ]
% 60
~
2
® 40
m
& 20
h 0 o0,
R 4}
UNAFIERIE R £ |

B R R NG B R RS R A 28 ) 25 5 B 2 (P<<0.05)

A2 Yo BR B AE 1, 31 Y0 8 Y 2B B OR PR LRI L 27 %
PAARTRIE s 2%, K it % B8 7 4 18 v i OIE 1o £
R R E AN, O N EEY IR A R E SR,
X B oK it AR AR B A Rk, R 2 T
S, AN T O b B 1B AR 55 X 22 ) 6 oK W e L - R A
AR R R RPN % 25 5 1TP1 AbBEAR B3 7F +
e iR A B £ R 87.35 kg/hm? , ik 3 i 2000 & 19
45.97% , W FE = TAAGHER L CT AL 73.61
kg/hm®; ITP2 52X + HE 5% 3 A4 81.25 kg/hm”, /i
WA R 42.77% T CT A ITP1 A ¥ 2 ], 5 1%
GidphE CT #5204 A X TTPL Ab 2] 22 5 AN @
. RHAERNBERBRK L S LA RK AN
S AEGHHER S CT A3 1/3 ZIE Y 402k (&
2) s SAEGHER N CT M H . 2 B4R 1k 42 B 1 5
*AUIE B R AR, 43 T BEAR T 45.65 6 Fll 24.36 % .
R4 EXRXMENARICEREER

- KRGS N®/  UNWYE/  NREFMAHR/
(kg » hm™®) (kg + hm™?) %
CT 124.2¢ 51.50¢ 27.10¢
ITP1 172.2a 67.38a 35.46a
ITP2 145.1b 59.66b 31.40b
8| B TEnE FRB U
100 - p=—— = —
¢ ik
< 80
#
b 60 -
H 2 ab
B b
(R 40 I
£
20 F . a b
0 L L J
CT ITP1 ITP2
FHEHER

B2 EFEXRBRKENARIZEHIIBHERE

3 W
3.0 RERAL S B HHERS St 3T AR B 2 1 50

R ERA K 9 BT R AR AT R0k

A RRFR A I R R A A

U ARG N bR s B 07 ik R 5T 3 A BB
VERLZCT BRITNERN A ORI . A58 R B, 3 Fib
HEERE X FE R R AE 27.10 % ~35.46 %, iX 5 3 = Ff
HE R OKR FAEA 2 20.9% ~35 % MM &%, 1TP1



% 5

It o K AF AN BV E R AR AL KD 4 X 3 K 7™ S 23 ) 3 09 5 ) 209

Ab B AR ) R B R O 35.46 %, o A% Gt B 1R AR 5L
CT AbFE4E %5 30.85 4N A 43 4, B T IPT1 4 pli At =X
SETER A AUIEHTEE N, AT IR B 282 A 30+
Sl FEaEas w8 REASE & . A IR R O2 1 PR AR 5
RN 75 3 25 5 % 2y 76 Sk B 3 RURN HY B
DA IR FERN SR, 55 kTSRS
P AT LR X IR R EUIE AT BE R B A B PR AR
JHE 22 7 IR R B Al ok B w1 s R
SREEE ] B TRAS VR YA A 1) B R A R Al
PREZ AN 0] 2 7S R BA — 8 2 B A R TAED
55 PR 2 N0 1 2 Sl B 0, 10 B8 IR i R R
(] B A3 BLRES F e FH 345 m Lo A AL o 7 & B) B2 5%
) 1) JR R AUIE7E + 58 b 19 5% A6 RS B R O ok B L
A I F K EUIE i W R B2 T A i
il TTP1 Ab B L CT AR BEBFER B I 7 co, #F)2 “H 5%
IR 40 %6, B INAR R AR (R 3) . Z R A
JE A 453 2 3 AR R IR R B (3R 3D

SEHHERL TTP2 A A A% 31.40%, b
LG RHER R, CT #hn 15.87%, 1TP2 B2 S FFid
P G B4R ol - A+ 32 2B A0 AR Y, A3
Kb £ XA R 5 A1 38 55 )5 2D £ 3K 43 28 % L 1
T - A 0 A 386 0 A P T e R 0
A B G2 R AE KT A S AR BN AE 1 A B
A B AU B R 545 e G B RO LG,
VTR R P T KD A DX B B A A T 0T DL S b 3R
HepR g IR K E KRR D) 55 LR AR I E IR
B 10, PR AR AR AR 0935 L $i R AR R R AR I I i
(11272 RN 4 e sl A - e o = - 1 e
HL,RIZ 2~3 em JBJIE, BEAR 5 AR B /B IE
Y 2R 22 il BE 5, 388 i RIS R 26
32 AAMUEBRMERXNER~EH M

FARARKE H AR R % YA G B E R ]
DI RO s R . ARRF ST R I 3 AN b B E K
MR =R 2R %, ITP1>1TP2>CT,ITP1 A3 £
KL= B B ik 7.65 t/hm?  RAEGHERE L CT
AR 1.3 4%, BT ITP1 2l AIE+H#HEY 25+
Vi) o SR s -0 ) 3 TS 4 90 B R B i B AL
JE B it FH 2 st XD ) B OIR AR - I A
B - EALBEE A HUAE AR D - S S5 4l 1 R 45 W BT
I 2 A M A AR 1) T 1, A AL A 03 - 3 4 R R
NG G NGNS =03 M 117 i 7 N1 R i S -l =
P EMZ AL A S EE R AT A AP R e N, g
s A AR B R K S . B T AR R IX &
OKAAR T 16 N H TF 2 22 1 R 2 00 1 38 S 6 260 3R I I S A2

KU P AT RRIA AR Sy H VA YA N 1 bk B R
PAYE I IR 22 260 A7 B I ) 0 5 AR AR e A AL 2 4t 1
RIERI R AR BEFORA KD,

SRR VE 55X 1TTP2 Ak B R OK FF i 7= i A T
ITP1 fil CT kb3 Z (6], 5 1% 48 B R AH LL L S B
Jita 384 o - 9 K i L RO B TR AR A
oAt A 398 /0 BEAE OB 7R R RO FR T IR Z REOK
Ay BB hBRR AN T . R B, B BE R R
Pz K BE 7 o 1K 3 10 S8 s 1 AL G BEAE B
Z , L HEAHRXT AR 2, S5 M 2% AN R oK A s B
T AR BT 5 T b il BRI L (H 58 2 0 BUIE AR 7 2 42 5 1
SRy, 00 S5 R AR R AR R Y A K
([0 S 5 N2 S - = IO 0 S N D =" B V0 -
B FMESHHE E RN ™ &, 5 ITP1 FfE £
W, ITP2 X B E A 4 90 th T REW G & R
g BRI R AR 2 L B G A Bk )2 A BRI T R AR
R A K JE IR A B 0 T B2 40 R K BE 7 [R] IR A
PR S FEXT E AR R — 0% ok AEK, ]
ZAFE N R B AR KV A XA HLAE 9 85 18 H g 5%
R by FREFEE a5, O B FREFF IR H S & — 4
JE Al i ok AR L 3% 43 0 R A L FLA 23 B
R W 5 PR AR 3R 58 4 3% 40 19 B %, B A A
ITP2 b3 F K= 5K T ITP1 Ab 3,

4 45

i A K IR S 2 31 % #24 F K 0 i A
42 %5 B A R e L 27 W LRSS 2k . BEAE
R e K ZUIE R 28, R 26 A e 1 TTPL Ab B
H 35.46 %, LB G BHERI N CT kb3 42 & 30.85%,
RBHHERI S TTP2 b B AIE R 2RI Z . 2l 31.40%
ITP1 b3 45.97 U6 it 20 2 5% B 76 + 5 v . ITP2 £ 5
TR B AN T CT M ITPL A B[], (L5 #FVERE
KX CTAHIE 1/3 BN YEHKL, 5 CT ML, ITPL #
ITP2 &b B 4 2 51 J¢ R 7 I BEAIK 45.65 %0 F1 24.36 %,
3 A BCBE A AR 30 R OK FF R 7 i 52 e Oy TTP1 >
ITP2>CT,ITP1 4b B £ K ¥ bi 7= 2 iz =5 38 7.65 t/
hm?,CT 4Zb# £ K 7= & &AL h 5.88 t/hm’, 5 CT 4k
FEAH L ITP1 AR FEBE = 30.01% ,1TP2 ZbFEIE = 15.53 %,
ALRAP IR RG0S K 7 £ AR B2 R 25 JE L TTPL Fl ITP2
2 A AR AT 2R B AT Y PR AR R P i Ak 25 TTP
FARF ITP2 FRBHERI, ITP1 A1 ITP2 2 Fif =
A E RIS £ X T KR A e A
5% 3k
(1] S 50 S R 3 [ R ok 77 R Rk B 6135 ) A A L 5

F[J].EKA2£.2010,18(1) . 1-5.



210

KRR R

%33 &

[2]

(3]

[4]

(5]

L6]

7]

(8]

(9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

AT S 4 kB AROBRE. B K ™ il I R A BOE Y R
(). EKFBF,1998,6(2) : 72-76.
B/ XU A L 25 40 4, 25 b [ K Ak 2% RUIE R %
RO B s A S AT [ ], P [ A 2SRl 2 4. 2013, 21(10)
1184-1192.
Galloway J N, Hiram Levy I, Kasibhatla P S. Consequences
of population growth and development on deposition of oxi-
dized nitrogen[J]. Ambio,2020,1994:120-123.
Guo J, Liu X, Zhang Y, et al. Significant acidification
in major Chinese croplands [J]. Science, 2010, 327
(5968) :1008-1010.
Ju X T. Xing G X, Chen X P, et al. Reducing environ-
mental risk by improving N management in intensive
Chinese agricultural systems [ J]. Proceedings of the
National Academy of Sciences of the United States of A-
merica,2009,106(9) :3041-3146.
A B o B K R D I X N - R R A
TR Z 2% B8 NE kL AL 2 im0 s [ . b RO B 2
2013,46(8):1628-1634.
PP a5 GOSN 7 7 N B 5 X (B WL i N
Wb £ XK F A 4 0 K e 9 s () )R B AR
W 4z,2018,38(3):19-23.
TRHAAS IR ERT A AR S AN E ERAE
W B K e ) i s e [T A0 A 8 R 5 IEORE AR A
2015,21(1):36-45.
Bhogal A, Rochford A D, Bradley R S. Net changes in
soil and crop nitrogen in relation to the performance of
wheat given wide-ranging annual nitrogen applications
at Ropsley, UK [J]. Journal of Agricultural Science,
2000,135:139-149.
FEA, W, RS R/ ERIETE KA T
IO 5 e B[] ] AR 2 4R . 2009, 25(24) :254-257.
B BR  ZE G 5%, 7 a4 TN R R R XT EOK A
FOR T B kA0t 5T 04 5w [ . ob [ RO R4 2008
41(11):3672-3678.
Ogola J B O, Wheeler T R, Harris P M. Effects of ni-
trogen and irrigation on water use of maize crops [J].
Field Crops Research,2002,78(2/3):105-117.
JAEITINE IS, TIEM, . 8 E At 10 7 s &
ERT YRR G = a e LT b E ROk R,
2017,50(11) :2129-2140.
K RIE S Z8 U L 4R L A5 TR G 0 BT B K 7 i
AR WA R e LT 4 8 5% 5 Ik 2= 4, 2013,
19(4) :790-798.
Huang G B, Chai Q, Feng F X, et al. Effects of different

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

tillage systems on soil properties, root growth, grain yield,
and water use efficiency of winter wheat ( Triticum aes-
tivum L.) in arid Northwest China [ J |. Journal of Inte-
grative Agriculture, 2011,11(8):1286-1296.

Wang X B, Zhou BY, Sun X F, et al. Soil tillage manage-
ment affects maize grain yield by regulating spatial distribu-
tion coordination of roots, soil moisture and nitrogen status
[J]. PL0S One,2015,10(6) :e0129231,

TR B S W AR AR T O AU R E K
FACBEA B 2 [ Rk T A 2% 42, 2016, 32(12)
136-143.

2R RIE R T RAT. b RO A 22 ke v B T
(R [M LR 0 VL5 B A . 1998 - 38-48.

SRARB, 1O ok T, A5 b B EEOR B VRS IR RHR
APV $ R AR L] R R 4R, 2008,45(5) :915-924.

T E TR 10 4F P E KK F AR ED A EF
R A AT ], 32 42, 2015,52(6) - 1311-1324.
RIRRURZFE HE LR R M B a: LI R
Ji At ,1992:288-303.

K, TR ARVA 2 A LT HLE IR ISR AL AR 57
53R 808 5 LIRS LA ALY RS IR | B IR A &
oK 7 B ISR 3 WORI T i 52 o L) A 9 8 37 S5 IR
Bz ,2012,18(3) :579-586.

XSG 5% BT L MR K MR IR KRR S A SR
Wi PR Z A FE L)) A 9R 5 IE R £ iR 2010, 16 (1)
208-213.

A WL 3 /N R AR A LR 5 4 v Tk 2= IR
A T Lt FH e b A BILIE 55 4 % AR IE R0 3R R
w52 L) . bl 2 41,1999,15(1) :69-72.

PO o R B, N . R e X g IR R A 3
S#m )] T R XAF5E,2000,17(2) :65-69.

He A, EEOP R FUR R Y RS IR R E
R B D Tl P 4 o (], M 4 1993, 24
(3):135-136.

XU GEA R R S A SR E LWL
A2 ()], A [ A 24l 4, 2008,24(5) 448 451,

Tr K s BB S Bl 55 81 77 XA BILIE Xof XL b
e DX K Y5 ()] 2 BUR ML R 22, 2018, 46 (4)
124-127.

FR T, A, KK S R IE LT b DR R 8RS
i % 2 K A 38 K 43 Ko 7 R S e LD DL K PR AR AT
5%,2011,18(6) :245-251

FEL TR, 7 A B L SR [ BV O RIS A I8 X
% W A AL & 1 s g ()6 AR A 24, 2010,
21(2):373-378.



