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mCHERREN TEDREXFEERTE R T IRYIE
E2/N:0E-A N

_ By *
Ems, LHmW, ERAE, F8F
(TERZERERE, )11 750021)

1 E: M EBEEX AR UK Z G SEWEY S AT SRS, RS REFTA I ECE U X e B R Y
RGNV . AIRIGBEHTE R RS AT A TR IA FH (12 000 kg/hm?) i[RI Bt 4 Fhali 20K 0. 150, 300, 450 kg/hm?), LIFEFFIA
VR R MU 225 ke/hm® SHXTIE, BIFFTRGFT A4 M AE A [ UM ot 6 2Kt e - e BR A S . 285 SR80 S AR ERRTAH
T ZE% 300 kg/hm® F1 450 kg/hm?® AT 4RHIFAAR 0 ~ 20 cm + 2 HI3A T 1.25% M13.20%, HIEFLBE 2.69% H 1.89%. SFEFFA
R MALBEAR LG, FEFT IS FECRZUIE 300 kg/hm® #1450 kg/hm? Al 0 ~ 20 cm /2 2 ~ 5 mm , >5 mm HUMES G 1 D5 4 S8 321
TR FH bt S PTS539 Bk i, R LAEVR AR KR, RS AR HI O 008 300 kg/hm® 5%k AR AT S 35 1 396 5 /K

13.64%. A HI O IR A PF T A=t B by i DR et A A o P AT B a3, A P 20 20 300 kg/hm® Al 7

K 20.21%, BN ER ERIE 9.37%, LASIEHEERIEL 37.91%. AT UL, FEFFE HIECiSE4 300 kg/hm® HA iﬁaﬁ%ﬂﬁgmﬁﬁm%
Hyar=UR B2, n] i X AR Rt S 2

KEER: WITEH; A0, TAE; ii%&ﬁwki; FR

RESHES: S147.35; S512.1+1 XEIRERD: A

Effects of Straw Returning with Nitrogen Fertilizer on Maize Yield and Soil Physical

Properties Under Drip-irrigation in Yanghuang Irrigation Area in Ningxia
WU Pengnian, WANG Yanli, HOU Xianging, LI Peifu’
(Agricultural College, Ningxia University, Ningxia 750021, China)

Abstract: In this paper, the effects of straw returning with nitrogen fertilizer on low maize yield caused by soil texture and
moisture were studied in Yanghuang irrigation area in Ningxia. Four levels of pure nitrogen (0, 150, 300, 450 kg/hm?) were
designed under the condition of total maize straw returning (12 000 kg/hm?), the conventional nitrogen of 225 kg/hm? without
straw returning was as control (CK). The results showed that pure nitrogen of 300 kg/hm® and 450 kg/hm® reduced soil bulk
density of 0-20 cm soil by 1.25% and 3.20%, and increased soil porosity by 2.69% and 1.89% respectively compared with before
treatment. Compared with no straw returning, straw returning with nitrogen fertilizer of 300 kg/hm? and 450 kg/hm? significantly
increased the mechanical stability of 2-5 mm and >5 mm aggregates in 0—20 cm soil. Straw returning with nitrogen fertilizer
significantly increased soil moisture, especially at the early stage of crop growth, straw returning with nitrogen fertilizer of 300
kg/hm? significantly increased soil moisture by 13.64% compared with CK. Under the condition of straw returning with nitrogen
fertilizer, the yield and yield components of corn increased compared with no straw returning. Corn yield of straw returning with
pure nitrogen of 300 kg/hm’ increased corn yield by 20.21%, 100—grain weight of maize by 9.37%, and the grain number per ear
by 37.91%. Straw returning with pure nitrogen of 300 kg/hm?” has a good effect on water storage and preservation, it can increase
maize yield remarkably. This study can provide a reference for soil fertilization in the studied area.

Key words: Straw returning; Nitrogen fertilizer; Soil bulk density; Soil water content; Corn yield
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TR COR T R AR AR X HI%
X SERUBAEE | AU RMAL, SRz, OE
T2 T AR IE AR, DTSR 2002 X 3 A 7k
FAET o ARPIRS FF 2 Bl HAE Dy — b - e pus 5
MERA 207, B TR CRGE ) AR R
B, S B A PRI FF AT A 8508 o A AL
B, R AR, G R, XTI
TR BE RO . AR TS A Bk
AED, SEAEYRAE G L3R A LT,
LT BTG AL AR A L . D4R, BEE AL
ALK BN W B o, RS AT BRI 1 ik —20
HIR T, N ORTHEARFS AFid AL PSS I 1 AT REVE, —J7
T ATl D BEBERE AT AT AR A 23 5 3, 53— A LR
THEVIRSFFRFARCR, e RICA . HET, X
XA I T RO ZAC BRI T A, iz s = )
A EE TR T PR IR SR T KRS AT ids HT ST A
a e EUAC AR B, LU O 25 oA AT id S AT $2 Ak —
JE B BRI o

1 #MRERE

1.1 RIa LR

KT 2016 4F 10 A £ 2017 4F 10 AE T E [ L
B F AR K SRR B bl XA T o % X A7
T A w I A0 B BB AR K m ool B
bl IX . M B E N 36°51'42''N, 105°59' 27"E,
1370 m, HuAb B 4 IS N S i RS S AT
by 3 Hy e T LB W AR (R e B AR, DAy 32, M
W%, Jmriial T SRR, TR0, FR%
JKHE 150 ~ 300 mm, 4EPRAS A, TEFEI 120 ~ 218 d,
AESEHSIR 8.6 T, =10 CHYFRZ 3 000 'C, Hui:
. BRIRZEKR . KK, 2017 R
oA 286.1 mm, HA R AKRAFTWIE—9 AR
231.4 mm, (5 44E1¢) 80.9%, A ZLfFH EA 167.5 mm,

X - RO IRES A, 511 0 ~ 40 cm
+EHYE RN 8.2 gke, WA 38.3 mgke, A
W 16.1 mg/kg, LA 198.0 mg/kg, pH 8.4, JEk
SRR 1K
1.2 RIgit

SRHBEMLIX AL, 7F FORFS AR R i 2 30
(12 000 kg/hm*) it , 15 & 4 44l Uit FH K F -
i FF 3 FH A B it 21 (SRANO) A AT i FH A it &0
150 kg/hm® (SR+N1), F5FFiA FH et ZAE 300 kg/hm?
(SR+N2), FEFFif HECEZAL 450 kg/hm® (SR+N3),
T AP B AU 225 kg/hm? XFFRALFE(CK), 3t 5

AAhPE, 4 RER, 320 AN/NX L DX 15 m x
5m=75m’

ELARSRAE 2R R FRA B O 2R H 2 Ry ikl
M, T E—FFORBGERE , B E KRR 655 1 504
AZINIX, TR B A 7] it A AP Ak 388 v 43 AR iz
(PR 2 (5 AU =46%), FEFFARIE HALBA K £ KRS
PR B, S5 RTERFHLAE RS FFRIR R A -4

FOKEFORIEE 335, SEAETTRIE, TE1T 70 cm,
84T 40 em, BRI K 20 cm, FIAEEEE K 90 000 Fk/hm?;
JBAETT G FERRERR 4% (N-P-K; 15-46-0)300 kg/ hm®,
EATERIFRERA AL, N-P-K: 15-15-15)495 kg/hm?,
FAEFHT— K/ X AFR AT 25 A BT 1 1, 7R R
KABFIHTLS A B AR PRI A - (B 20 cm); 7£
T KA OB A T 0 45 5 T T KIS — IR Ak 3B i 25 R
150 kg/hm?,

1.3 HiEE

FKAF W I L e kg2 |
B, e AR W,

FHOK S TEEARCEAE T W, SR A A
TEEME 0~ 100 em JZ2 S /K E (5 20 em JEHL+
FE), &5 GRS AR, AR NFEKE.

T 555 . SR D5 AR AT ),
I E FE R RTFICIRIS 0 ~ 40 cm J2 HHEA L . 24A .
U AR TR T = A TS G e e S 1 i) A O R
e FORWBOGR GRS L ERFPR T 2 A & i

FORA KGR : 76 KA T I G MR L 25
R B Hb 135 A 4 S AR 2R AR

PEELRIR s FORWGRIN, J/NXEEA TN, SRR
10 BEEKRBEFTH R, 0 SRAEEL . HREL . Ak, Jf
A AT

TIEYBHEPRIE . IS E, 7E 2017 4F 4 A
AHATSAL TR 10 AWIEKRRAVE, FAHX L) S &l
HE SASKEES, #ERIZ 0 ~20 cm #1HFZ 20 ~ 40 cm
FHSRTIHRE, RPN 2 E, 5%
JEITRUEER 2.65 glom’, MRS SCHR[4TI T -4 EFLBRE -

TSR (%) =(1-ZFH/FE)=x100% (1)

A R AR SR AE 2017 4F 10 A ¥ E KRS,
e S A5 SHEUEETE 0~20cm, 20~40 cm )2
SRR A, AR RER AR N, IR
KA HRZYRHE R 1 em’ 24 KT RS
FLAEN 5 mm i, A A0 AR 1 1 A
REAARLGL oy A R e PEP

>0.25 mm HUBERE P TR IK & i DRoos MR
SCHR[41TE
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DRoas - Y (Wi) ©)

i=0
K. Wi ARERCRIAE @ AR IR TR R R (%); @ R
Bide s n AR EEL .
1.4 BIESIT W
KH Excel 2016 I, SPSS 19.0 #1724
Mr, 3 LSD #:(P<0.05)#f7£ & .

2 #R

2.1 FEFFEHEBEREEXKH A SR

Fiti P30 FH e it 220 A 3L A5G R A A HE b P A
KRR A= B 3389 ] g 2 1 hn oK b 1 A,
P 1o 7E KA 5 300 M 350 A 4 i 5 it R )
HmEEE A rESE. R SR+N2 Fl SR+N3
Ab P AR A CK ARERE N 11.10% A1
8.75%, il SR+NO AbEEMIFH L CK AMEREAL T 3.79%:;

60 000
- 0 SR+NO 1 SR+N1
£ 50000r @SR+N2 @ SR+N3
2 40000} K
B
i‘;\; 30000}
e
5= 20000} paa
4 C =
2 10000} Tk
= abab? a Hﬂ
e AN
P ORI T ] R

ERAEF )
(B /NG R R R K ) — 2 WA Rl A 2R R] 3 P82 4
2RI P<0.05 5. KF)
E1 FEFTHEERENERE EBEMENTN

Fig. 1 Effects of straw returning with nitrogen fertilizer on
aboveground biomass of maize

AEXT TR AN B (CK) RS A FANitAE(SRANO),
Fili A4 P C it 28U P 38 2 3 oK, A e
22 HHATHERREMEXFERFEMHRE

EN:0pA)

1 SEREFFL HEOE R A F T A AL K
MR R R, TR RS H(CK)Ab 3L,
PAARFEFFIR F AR — B B b SRR TR i, 454k
PP R AR K . SRHN2 > SR+NT >SR+N3 > CK
> SR+NO0; SR+NO ZbHi#E CK AbH ™ 1.05%. 1EFE
FFAA FH 54T i 2008 RT3 1 fin F oK ™= i, o — 2
FREE I A i R R B i &2 L T gs, SR+N2 kb
AR CK AR 20.21%, H 2476 i m =
M5 R RS, SRAN3 LhHHE SRAN2 JH ™ 10.19%
T A A A B R, SRN2 Ab HAS
SRANT 477 R B R IMAERE S A ki [, SRHN2
H1 SRANT Zb B P kL E 4331|488 CK AL BRI N 9.37% FiI
6.62% , P FERLEN 7301 38 CK AL 3N 37.91% F01
21.25% o FOK AT R AEFE 4 H B 2 AL 34T i it
R PG INRRAR, (HAS AL 2 (8] 25 5 R B 3

3 2 X T K A RRE A FH it 2R o 1 7
RPNE, K RAEREFEIA F %) S md I Pt 2 ME XS oK =
TR FE I S TR PR, B AR RS N, ROk
FrE S RIS AR RN
y=-0.0381x%+ 19.875x + 11 897(R*= 0.899 5), >4 x(f#
FF 3 FH P it 2 28 4 ) B 260 kg/hm? B, p(FE K P40 ) B
I RAE 14 489 kg/hm?, 33 156 A A6 A% FFad FH FC it 20
HEFH R 260 kg/hm? Bt 4k iR R B it £ 2 10 il
TR, GG AL, MRS R T
Jiti A4 280 A0 A AS BB 2 260 kg/hm?,

x1 BHCHEREERERZLB=ER~SMHEER

Table 1  Yields and yield components of maize treated with straw returning with nitrogen fertilizer

A FEH(/hm?) MBI EL ORL/BR) TR EE (/100 #%) FFRL i (kg/hm?) AR (%)
CK 91111 +4 157 480 ¢ 37.87+3.57a 12 031.67 27091 ¢ 83.85+0.81b
SR+NO 88 889 + 6 849 454 ¢ 39.43+5.76a 11 906.25 + 128.52 ¢ 87.95+0.852
SR+N1 96 667 + 2 721 582b 40.38+3.55a 13993.33 +418.96 ab 8535+0.54b
SR+N2 92222+ 3 849 662 a 4142+229a 14 461.67 + 440.50 a 8523 +£1.95b
SR+N3 85556+ 8314 578 b 38.68 £ 4.66 a 13 123.33+184.83 b 84.86 £ 1.83 b

e [EBR NG FREFR R AL B R 22 57 W 3 (P<0.05), R,

23 BATHERRENTERERTEARE
95 i
T KR, AT 48 FH e 220 e ik 25 i 20> -
ZHE(P<0.05, Kl 3A). SAEEFTAHLL, 0~20cm +
JZ A MR it R BN A, P L SRAN3

5B B IR A 3.20%, SREN2 YK, [ IR 1.25%
1M CK 1 SR+N1 345 B A FHFT 22 5 AN 3, SR+
NO Kb HE A A PR SN # . 20 ~ 40 eom )2+
AR 0 ~ 20 em 2K4L), Hor SRAN3 Ab B AL
FHETIAL 6.29%(P<0.05), SR+NO. SR+NI1. SR+N2
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2 BHLEATARRERAE-ER~EEFdL%
Fig. 2 Regression of maize yield with straw returning with different
rates of nitrogen fertilizer

AbFRR] 22 3R B3, AR FEAR 3.56%, CK Ab
S PRETIC 2R, AT, FEAF A I — &

B CK @ SR+NO B8SR+NI
1.75

1.70
“= 1.65

LA (gom)
n

1.50

1.45

1.40

+JZ (cm)
(B /NG R R F R R R — £ B AR AL LR 22 538 P<0.05 B /K )
3 AERIELEAERILFEEMNZM

Fig.3 Effects of straw returning on soil bulk density and porosity before and after treatment

24 FEFLHEEREX TES/KEMNF

Kl 4 B ERAEAE TR 0 ~ 100 em +)2
TS K, AR E R NER S S5
FEANIE FEAH L, R4 it 2000 T S 2534 -39 5K
i 1.66% ~ 6.38%; SFEFFAHAERIE L, FEFFE
FH Pt 50N AT 2 e v RIS /KA 13.64%($4 715 1))~
7.29%(HliHED]); oLk SRHN2 I 8, HERKIH
TR MRS+ IEE R EER AR E .
SRANO APFRAE KA T k3] 4 Sk i) i B T
HAbALEE, WTRESE b FRFEFFIOATE RS, g+
HEREERE, MOnfEst T 30K 2R R .
BT HIRN AT SRANO b FE - 1855 7K 3R 45 )
CK AEFEFEAR 7.48% . 8.24% Fil 6.78%. I SFEFFA
I H(CK) B SRR AR (SRANO) HHEL, FEFFHA
FH it RIS P A R i 48 Aok . &K RE
2.5 FEFTHBEERES T 1ERREERN R

2 2 A, 280l —4F B RS A i U0 b
B, 0~20cmAl20~40cm +JZ+3E >0.25 mm #HL

T Y EIE AR X T RS FFAS AR it 2008 AT A R R A
HIRE,

Rl FF 4 FH i 220 A B A0t 5 4 o 4 33 AL
BREE(P<0.05, & 3B), LL0~20cm +EHEE,
LB it 0t () 14 S R i i i # . 0 ~ 20 em
JZ £ 3E SRAN3 FAFRFTIE I 2.70%, 1T SRANO 4%
AL HRT R EREAL 5.1%, 10 CK W5 4b By G i 2% 25
5o 20 ~ 40 cm + 2 5L B I SRR 2 PR
A, SRHNO Fll SRANT 435l He b FRRTIE /D 4.08%
1 6.54% ;1M i it K P T A HEFL B RE ) S22 4 87 1 T
I EHE, SR+N2  SR+N3 43l AL B FTHE i 2.96% F01
1.89%, Ifi CK SACFRATHA W E 2T . XU EFR;
FF 34 H F At 1 il 2000 ] 7 8 Bk 2 1 L
B, NG s MoK B T o

mSR+N2 @ SR+N3 & AbFR R

447
| ®)

THEALBUE (%)
W oW W W
X Q » O o

Tt o M

(98]
W

. 0~20
42 (em)

o0CKaSR+NO @ SR+N1mSR+N2 aSR+N3
a

120}y b ibiﬁ?& . L Ta7
E 100 % a{nﬁa]&b ﬁﬁ

8obl [

140

K& (m

o 60|

13

a0thf:

20t f

oLLE 1 |I- : I -
W SO R T iR R il

FRAFH
(E /NG FREAR R R K R4 B A [5] ih 38 ] 4 458 45 7K o
%53k P<0.05 b KT
El4 AEMHET 0~100cm T EHIEEKE

Fig. 4 Soil moisture content of 0-100 cm soil under different
treatments

PR RE P AR B 53 B (DR 05) 800 2 8 25 384

LB it 2R A T S 3G # . T<0.25 mm #L
PRSP AT B 3 50 DU A XS % R Ak 3 48 AR AT
0~20cm 1)z >5 mm Fl <0.25 mm HUAEE P
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PATRL BT 7345 5 25 K T AR AE . SR+N2 Fll SR+N3
AT 0 ~20 cm )2 >5 mm HLWER & Pk R &
Ay RS I3 RGN 24.71% A1 29.05%,2 ~ 5 mm
A1 ~ 2 mm KR DRI 8 IR AT 11.28% ~
36.05%, 1fi 0.5 ~1 mm £ 0.25 ~ 0.5 mm K745 AR
BB IE 5N 29.96% 1 24.24%.20 ~40 cm

JE S RARA USRS T TR 5345034/ 0 ~ 20 em
+2, B HEERIELAIET, >5 mm kiR AR
JoT £ 43 B e R B A B RT3 N, MG IEE 2.27% ~
28.23%, M 2~5mm. 1 ~2mm, 0.5~1mm., 0.25~
0.5 mm ZORiAE AR BT 8- E09 8 CK ARHEA T
hn, HEUESR 14.8% . 36.05%. 26.23%. 18.41%.

®2 FELET 0~40 cm +EHIEREFARIARIES
Table 2 Aggregate size distribution in 0-40 cm soils under different treatments
+Z(cm) Ab B A R ARRL LR 43 A (mm)
>5 mm 2 ~5mm 1 ~2 mm 0.5~1 mm 0.25 ~0.5 mm DRy 25 <0.25 mm
0~20 CK 16.02 12.03 8.46 10.12 8.42 55.05 44.95
SR+NO 18.42 13.59 8.68 11.27 8.22 60.18 39.82
SR+N1 20.52 15.82 9.68 12.34 10.28 68.64 31.36
SR+N2 21.28 13.56 11.24 14.45 10.85 71.38 28.62
SR+N3 22.58 14.12 13.23 13.72 10.32 73.97 26.03
20 ~40 CK 12.43 10.02 8.24 9.92 7.92 48.53 51.47
SR+NO 12.72 11.45 9.34 9.23 8.03 50.77 49.23
SR+N1 14.59 12.08 9.28 11.45 9.52 56.92 43.08
SR+N2 15.25 13.84 10.25 12.56 9.96 61.86 38.14
SR+N3 17.32 13.56 11.56 13.78 10.67 66.89 33.11
3 g FRg HAET, AR 20 R e K

Tl P4 FE it SRR ] o A2 3 R 1O
AT A S 3 7 I e e e E A T
A5 25 BIRIE 5 2 WA RS FF 348 FH i 2800 5 % FF S 2 FH A
FEATREAIE 0 ~ 20 cm )2 HIEAH 3.2%, 0 ~ 40 cm
TR 2.0%, [ PNSMEE AR X 1 A
PR T2 iisE, 25t s 200 RS FRA
Jite R T A AR RIS T, RIS G R - LR
AMWFFEINN , T FFA H it 008 5 50— G R340 FH A 3
(CK)HH Hb o] i 5 R 3R 5 8, JRLA 0~ 20 cm i
i, SRAN3 AL BREENT R IR I 3.20%., T I3#EFLER
JEMAE LS R E A E AR, 0 ~20 em £+
J2 A HEFL B i it 2R 2 R i T, SRAN3 Ab
Bkt HRBE N 2.70%, X S ZEEE AN A T Al R —aK

B E KGR RO IR OK R A R R
FFiA FH AT 4 55 - 48 B K AR OK B T, AT AR IEVE P 5
IR AR A B IR AR LR o R R S IR G A
FRAR AT 8 5 R e - A B KRR AR . ks g
3 3 6} it SRR ARG A A FH O X% - K A R R
NN A 2 45 F T A FF IS RS FEAS I 0 ~
60 cm )2 3 SRR . SR S AT &
B, AEFF A FHRK i AL LS FFASIA B KK 43R R
R ARSI, R FT I H Bt AR RS
FFAE TGN 0 ~ 100 cm 12 3 E K=, MHIFFS

SRANO Ab3 + e K i b L F AL AL 2, JR R AT
AR EAIE Z SO T RPN E 4, R AR
B,

A AT AU G LIRS AU it 2> e
3 /IN P SR AR ) R A SR AR R B A RN BB 0 A, E T
BT 3 X G ARG R 3, RS AT IE i
AREEAE B ERESSAH >5 mm, 2 ~5 mm Fl
>0.25 mm MRS S PE AR R . 3R BN AR A
i AR i L R b = A RN RI 2R P, 0 T 486
AW, SRR R A, SR R R
R T R

TR IR S A, RS HXHEY) =
AR ER . KEAFIT a2 FEFA H Al
AT AR S Ve = M R A i AT
I oT B, AT 8 H O 2008 v] 42 & EOK 8
34.63%. AL SRRV, FEFFA I ECiE 300 kg/hm?
RAC AL 20.21%

4 #ie

1) FFF i FH C it R0 A SRS AN i FH Ah BT
WERRR LA, L EfLBE, SR+N3 AbBH
SR

2) AL AR, R St 2 e Ak 3
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