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TN FE—E R A A SR B A Y SE D
TRMGE ., NPk ERBEFESED R Y
i R 10 A B i — 0 IR (H
Z (0 RN M 2 5%+ e i s e . UL A 5
Fili FF 8 HH it A [ FH £ 2008 ) 2l 56 Pl Y145 P
e B X RS A B 4R R K EUIE R ROR B
AEEZE ., F 2018 4FIF i 78 B e 1144 Rk B
2 BEST MR 4 B i 0 S b, TR R AE A 2 R H
e it 20 A AN TR R 3 56 B o L X B OK = i A
B 204 52 ) , DAY R i XS FF 3R B 251 F &
P FH N8 L S it S A - R S % IR R R OK AR R
SR FH 4 — 2 A BRI AR 4R
1 bR )ik
1.1 I H Bt R

I AE SR e VA 5 ST R T B PR S X B
VLA R Bl 252 BE 55 55 W IR 43 Bt B KA #1388 HHA 50
FeHh (47°16' N, 123°41"E) ¥ Ji& , #% FF 146 FH IE Jiti 280
HESE LRI TT 45 T 2018 4F, & 2023 AE AR E
Feg 6 4, AL HLE T s o R v 2R XU
S K R 400 mm, FE R L Bk B0 A
S5 H—10 0., LA HEMHE,0~20 cm -
JZ A A M 0T AR L 127 mgekg 'L A AK
% 20. 23 mgekg ', WAL 152. 36 mg-kg™ ', H
WL 24.32 gekg ', pH N 7.83,
1.2 ##

KA R O HEE 1688, Jy G R &
AR R VT4 5 — B A P, e K RE Rl
BB AT BR 2 7] A A [ B2 B AR b b B 5 ol AR A

e i BriA=
1.3 FHi%
1.3.1 RE&d R AR ERL X H 1%

i 7E T ORFEFF A B3R [ (14 000 kgehm 2) &4,
i 6 Kb HE FEFF A AL ZUIE (SR+NO) |
FF38 1 43 91 e i I8 262. 5 kgehm 2 (SR+N1) |
300.0 kgehm *(SR-+N2).,337.5 kgehm *(SR+N3),
375.0 kgehm *(SR+N4),412. 5 kgehm *(SR+N5),
450. 0 kgehm *(SR+N6),487. 5 kgehm * (SR+N7),
AFEFFAS 6 W 375. 0 kge hm * AR 4 %) HE
(CK) , HH ol F 30 H AL B A3 4F Bk 2= MUK 5
FORFEFF 23 0 K BE<<5 em A2 /B
BEEIA 0~25 em T2,

RN B it 7K P 1 AR - 45 A4 K

FE R (375. 0 kgehm ™), & FF B 36 M i
T T i — o B LA . LARR 7S B RS AT i AN
A P T 3l T 2 N A AN 2L R
C/N. R v U8 it A 22 38 10 %6, 20 %6 A
30 % AL FE L B 412, 5,450, 0 F1 487. 5 kgehm ?.
ST RS FR A AT A [R] i 20 2 6 RS 4 B
A T B HE K 7 R0 IR R R 9 52 i []
A i B AURE e 2D 1090, 20 % AT 30 %4 1K) Ab L B
337.5,300. 0 Ml 262. 5 kg+hm *, WFEEICHER —
¥ 262.5 kgehm * B 112. 5 kgehm *fifi T3,
PRE N Big 53 80=46 Y0 , o BIAERE AT FEAL AL 2
R IR e 30 %6, HoAth U RE 18 in s sk 2D P AE 4T
W AE A A . NO AbHEA 100. 0 kg hm * i 9 iR
BEFN 112.5 kgehm * B RAF . /NXEFL 5.4 m”®,
KA X HBETT A0 HE 9 IRE A, /NX A1 A
KM, EORFPALE R 4 500 fk+hm *,
f78E 65 cm, BREE 23 cm, 2023 4E 5 H 5 H &,
10 H 10 H WSR3 56 00 (] 38 S w0, A F A
TR,
1.3.2 WMERB AF % 20234 9 H 28 A Xt
BAH/NIX T ST R R S IR L IR
JER 0~20 ecm,3 IKHE K . REFSH AR T G
if 0. 25 mm S REGR W IRIAAERH .

KPR & 2 H -2k e e Ay
i R R VS-S0 6 PU L vk W 2 & i R
AR BN Rl KO B TR I E A s R
S 4™ T 00 e R o s R T AR BT LL B 1k
W R AN 7 o5 R ) G RR B IR 4 KA DG BE U
FE R 5 R HH B R B - A n A2 1 ik T
AHLE S A pH i ORE L 1,022, 5H)im e,

B 25 4 3 R A A B ATL PR R S 5] —
B 5 m AT, R 5 BEE SRR R REORL A L
IR IFIC T A WA R 5 (14 YR &K 2
BN A IR RS /%= 2 A

TE T KW, B A B 3 A4S ok, Bk
B I 5 — 300y 3 M ER . AR ZE Rk R
3 #B43,105 ‘C AT 30 min,4RJ5 80 CHLE |H &,
0 AR b S A i R OFFRD R A A EE
g5 A PR BT B R AR e IR AR
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1.3.3 #¥EHH R Excel 2010 #F47 54 4b
B, K FH SPSS 19. 0 40 b 22 5 W #E,
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2.1 BATHEEREXNTEERZSSEN
=410
H e 1 ] A A AT AR PR S HUIE 19 28 BLAE S
ThEEEFRS R, ERFEEAET, &R
A IR A4 & B SR+N5>SR+ N6=>SR-+N7>
SR+N1=SR-+N2=CK>SR+ N4>SR-+ N3>
SR+NO, Zh PR 2Z 5 AR E. 5 CK A, SR+
N5.SR+N6 Il SR+ N7 4b ¥ + 4 & & &2 4 5
BT 8.96% .6, 72% M 5.22% . A 4b 3 A 4
AW & B F i SR+N5>SR+N6=SR+N7>
CK>SR+NI1>SR+N2=SR+N3=SR-+ N4>

SR+NO, & SR+NO & E KT SR+N5,SR+N6
I SR+NT7 &b, db 3] 22 R i 2. SR+ N5 Al
SR-+N6 4b# 3 CK $#&F+ 1 10. 61% F19.09 %,
ASTR) UNE A 3 A 4 4 i 22 B O B L T
SR+ N4>SR+ N6>SR+ N7>SR+ N1>SR+
N2>SR + N3>SR + N5 >CK > SR+ No, H 1
SR+N4,SR+N6 Hl SR+ N7 kb H4F CK 4k 4
BRSBTS T 2.44%.2.24% 80 2.13% ., 4k
FRE)E HLAR & 22 % A B3 Hop SR+ N5 b B
B, S0 CK A, SR+ N5 4bHE 4 A L%
TEMINT 3.24%,

x1 BACHEEERENTESEFRSSENZN BfL:g-kg !
4k 33 2R e =al A L
SR+N1 1.3470.02 ab 0.63%0.02 ab 20.09+0.12 a 13.5340. 14 a
SR+N2 1.3470.02 ab 0.61%0.02 ab 20.07+0.13 a 12.4940.12 a
SR+N3 1.2470.02 ab 0.61%0.02 ab 20.06=0. 25 a 14.9440.08 a
SR+ N4 1.2840.01 ab 0.61%0.02 ab 20.16=+0.16 a 15.08%+0.16 a
SR+ N5 1.46+0.02 a 0.73%0.02 a 20.05+0.22 a 15.9140.25 a
SR+ N6 1.43%0.01 a 0.72%0.03 a 20.12+0.21 a 11.9640.08 a
SR+N7 1.4140.01 a 0.72%0.02 a 20.10£0.13 a 11.794+0.10 a
SR-+NO 1.2240.02 ab 0.52%+0.01 b 18.67+0.11 a 11.17£0.11 a
CK 1.34740.01 ab 0.66%0.02 ab 19.6840.18 a 15.4140.24 a

TR TF /NG SRR AN TR Ab B ] 22 53 4 3 (P<<0. 05) ., R,

2,2 BHFTHEBEREXN TELZITEHTH
=AU
mFE 2 o, AR C/K.N/K fil P/K #
SRR E, +3 C/N EI K SR+N3>SR+ N4>
CK>SR+N5>>SR+ N1>SR+ N2>SR-+ N0 >
SR+N6=SR+N7, 5 CK #H I, SR+ N5,SR+
N1,SR+N2,SR+N0,SR+ N6 Hl SR+ N7 4k B

B C/N 2 BIREAR T 5. 22% .12, 17%.18. 96 % .
20.35%.27.30% 1 27. 30% , SR+ N3 H1 SR+
N4 ZhFEER 358 C/P 48 CK H40m 1 4. 88 % F1 5. 87 %,
SR+N5 kb B 3% C/K % CK #£7F 7T 1. 28%.
SR+N5.SR+ N6 F1 SR+ N7 4b B #y + 3 N/K
MP/Ko i CK Fb @ T 7.35%.4.41%.2.94%
F15.88% .5.88%.5.88%.,

®2 BACHERESENTEELFTEHOZm

b 3 C/N C/P C/K N/P N/K P/K
SR+NI1 10.10£0. 142 b 21.48%+1.02 b 0.6740.012 a 2.1340.030 ab 0.067£0.001l a 0.031£0.001 a
SR+N2 9.3240.281 ¢ 20.48+1.14 b 0.6240.011 a 2.2040.030 a 0.067£0.001 a 0.030£0.001 a
SR+N3 12.0540.400 a 24.49+0.88 a 0.7440.009 a 2.03%40.015 ab 0.062+£0.001l a 0.030%0.001 a
SR-+N4 11.78£0.133 a 24.72%£0.93 a 0.7540.009 a 2.1040. 028 ab 0.0632£0.00L a 0.030=£0.001 a
SR-+N5 10.90£0.274 b 21.79£1.09 b 0.7940.021 a 2.0040.015 ab 0.073£0.003 a 0.036%0.001 a
SR+N6 8.3640.321 cd 16.61£1.03 ¢ 0.5940.019 a 1.9940. 006 b 0.071£0.002a 0.036%0.001 a
SR+N7 8.3640. 242 cd 16.38%0.87 ¢ 0.5970.008 a 1.96=0. 004 b 0.070£0.002 a 0.036=0.001 a
SR-+NO 9.164-0.120 ¢ 21.48%+0.62 b 0.6040.014 a 2.3540.031 a 0.065£0.001 a 0.028=£0.001 a
CK 11.50£0. 163 a 23.35£0.77 a 0.7840.008 a 2.0340.015 ab 0.068£0.002a 0.034%0.001 a
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2.3 FEFFIS HE MR AR mIER F RN
2.3.1 RIeRFHFE  W@E 0L SR TSR
O A X B AR 2E R A — S s, Hr
SR+N2 A HEREA 2ERCR fe i oA 14, 33 kgekg s
55 At b 3 22 53K 31 8 3 K (P<<0. 05) . 5 X
M CK A [, SR+N1.SR+ N2, SR+ N4 F1 SR+ N6
AR ) R AR 2E 3R & T 4. 47% .21, 14 %,
4.98% %1 8.26% ,SR+N3.SR+ N5 1 SR+ N7
AR B AR 2 3034 CK AR T 26. 33%.1. 69%
4.67%,

16
1210
sl

4+

R R (kg * kg™)

0
SR+N1 SR+N2 SR+N3 SR+N4 SR+N5 SR+N6 SR+N7 CK
Abz

Bl EATEHSEERENTERELENEM
Y R[N R R N (A A A 2 5 B (P<20.05). I,
2.3.2 RIedmA~ A whE 2 v, R R H A
Jite 80 AE % U8 A A 7 0 B A R R A
SR+ N2 4 #ENC AR A= 7 ) i » 5 HoA b 2% S
IR K (P<<0.05), 5 CK # L, SR+ N1,
SR+ N2,SR-+ N3 Fl SR+ N4 4k B 14 & E s 4= 7~
Fr 9T 1.96% .22, 72% . 7. 19 % Fl 2. 94 %,
MM SR+ N5,SR-+N6 Fl SR+ N7 4k B () %A f A=
PR IR X B4 B A I REAR T 4. 7206, 1. 93 %0
12.19%,

30

25

Him
o

20 b ¢
151

10~

RICMA =1/ (kg - kg™")

5

0 | 1 | | | | | |
SR+N1 SR+N2 SR+N3 SR+N4 SR+N5 SR+N6 SR+N7 CK

AbE
B2 FWFEBABEERENRERESINFIE

2.3.3 HJeAmFE MK 3 ATH,SRHN2 Zb 3

RN F 2 A,k 35. 28 %, 85 CK 427585 17 0. 04 %,

Eixtig CK 4 PEAH I, SR+ N1, SR+ N3, SR+ N4,

SR+ N5.SR+ N6 Fl SR+ N7 &b 3 &0 F) ] 253
1

AR T 4. 74% 4. 469 .,0. 68% .4. 88%.3. 08%
F4.63%.

40
[,
30
25
20
15
10

5+

oo
o=
Fe

RUIEFI /%

SR+N1 SR+N2 SR+N3 SR+N4 SR+N5 SR+N6 SR+N7 CK
AbFR

3 BHLCHEERENEENARNEm

2.4 BFTHEERETEXFEHRBZIE

¢ 3 AT AL, R [A] Ab BRF R P o AR R
WAk FE B 2% Sk 3 e K FE (P<<0. 05), 5 CK
A, SR+NO,SR+N1,SR+N2,SR+ N3 &b 3§
KR A BB T 59. 11%.28. 63%.3. 53%
F11.83%,SR-+N4,SR+ N5,SR+ N6,SR+ N7
AL FRE R 77 Ay S CK B8 T 2. 94% .4, 81% .
17.68% M1 14. 15% ., A9 /= & LA SR+ N7 4b 3
@ SR+ N6 b HLR 2, 5 CK Ab B 43 1] 3 7=
12.41%#16.52% , SR+N4,SR+N5.SR+ N6,
SR+N7 Ab A IS 3R F8 B CK 40 il #2551 4. 60,
3.93,5.25 F1 0. 77 N 4

®3 BHATHEERENER~S2HERHZMNE

e AT RL ™ i/ AW A/ WA/
(kgehm ?) (kgehm ?) %
SR+ NO 3069+192 d 6897+632 ¢ 44.49+3.4 ¢
SR+ N1 5357+258 ¢ 10868+682 b 49.04+5.2 b
SR+ N2 7241+226 b 14932+713 a 49.35+4.0b
SR+ N3 7369+241 b 14764+841 a 49.294+3.7b
SR+ N4 7727+£239 b 14129+736 a 54.6944.2 a
SR+ N5 7867+247 b 14562+647 a 54.02+3.6 a
SR+ N6 8833+297 a 15961+710 a 55.34+4.8 a
SR+ N7 8568+287 a 16844 +656 a 50.86+5.1b
CK 7506+276 b 14984 +685 a 50.094+2.9b
2.5 BALCHEBERTERNFHN~ESHESR
EX R

3 2 % K 7 RS AT A e I8 AT R
LG K BAERS AR | )RR B 2000 X &
K RS R A R R BOC R L Y« (RS AT 6 H
it 2 2 ) B 450 kg hm I, v CE KK R )
U KM 8 833 kgehm 2. BEHIARI &1 T
450 kgehm * Ny il v B
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10000 [
& ®
= 8000
=
w0 6000
<
B 4000
i y y=-0.0006x2+12.417%+3003.6
& 2000 - R?=0.9396
0 1 1 1 1 1
100 200 300 400 500

iR/ (kg + hm?)
4 EMITHBEREEET
EXRFESHEERENXER

3 Wi
3.1 BATHEBERENTEFRSBENER

Tl AL il B R TS B X6 - M8 3% 4 A A
WA ERLEBEMERT . BRI R LR R
T2 RE B 6% i 3 S A G A 4 s R R A
o R R EMA LR B, BERE N
MAGNEBERTREKMESRE T EENRE S
FEL il XL, i FF 34 T i 6% 2 1F = MR R0 AE W i)
FA K g 0 A i 6 R R B B L RE 08 R
SNy A2 EVE T DT 8 3 1 n - w2
. BHEA A R R R A S
S A7 8 SR i A R RS FE A R 8 S b 2R
B EZERAEN . AR P, R AL i
10 % ~20 % EHEAY SR+N5 F1 SR+N6 Ab 38 %t +
B N R R E, FEER AR
T FEE WA B IR TR B S A &
AT SRRV L IR T A W A K AR Bl £
TAYEMIERAR g, DO 3G T - 4 L Bk
S, SR N4 FF 38 B -+ 5 B it A Ab B 4 4
i . I A R T RE S R AR AR
BETMLEA X", 5 CK M., SR+N5 ik
B A LR & B4 = T 3. 25 %0, JR R R 3 i
10 %6 A AL A I T 4% FF 8 ff . HLRE K A HLAk &
Yy G IS R L R R L N e A K
(BRI A R F A LR LR,

ot 3 I e A N R R SRV IN D
MR E SR~ Hdh, 2 C/N 56
HLITE I 0 fff R 2 R HE S R AR B SE & B,
SR+ N6 (R FF 8 H -+ 14 20 %6 &8 A1 SR+ N7
(RS FF I8 H -+ 38t 30 %6 U8 4b ¥R i) + 48 C/N 4
CK FEML T 20% L b, 156 B FF 28 H Ab BT 34 it 16
MR BT B AR HLST G 43 i 1825, BE S A 2L
P C/NL g HHMEY S ER AR
%, T C/P R R b B A Sk nY RS
b s H FAE K/ 5 A RObE SR S5 HL R
[EI R TR s . SR+ N4 (F5 T 16 W+ 8 30 e

JED AL B C/P {H f i J5 PRl A1 38 S % R 3%
AR TE A RO S B, N2 B KR H 4
e A RRUE L AR A X AR G A I s Al i —
WK THE R g, SRNG5S 4B C/K.N/K
M P/K 6 A P4 7t & & A1 0 B+ 3 it
10 %0 BB L3 A o A0 A BLTE RS 0 T £ 5% 47
B A b R DR A At B
LE AR
3.2 HFLHERHEREXERK==H M

KA 5% 3 B RS FF 8 H ) A 8504 T 6 Kk
A S R AR A g S SR A A
W52 A A RS AR A B Gt 1S AR AR X Bk B
E Ry € SN AR S o 7 N D=
Wi 5 N0 A s/ 7 i A BRI 24 i 2R i B
filiF 300 kgehm * W}, 7= & H BB 2T B, Wi
14 G0 B 0 s, 7 A R B, (H Y i R A
450 kg « hm 2 J5 . 7= i R M, BRI Al BE R
RT3 T G FF 40 i A A 4 06 2 4 T o Al
A R N I L R T AR R I 2 A B Y
M A = ) T i P ok e R T R X R OK A K
KB A ISIE R 5 B0 AR BE R R, AR T
TR B TR ROk 2 ORI,

HIBFFE 6 i 0 AR = 2
LR AE— o BUE BN, it 2B RS = i, Y
Jite 0 A A I AE L R A T R TR AR S
o RS AR B S L RO 26 /U= 450. 0 kg hm A,
TR . YIRS FT I R it 3 e A X
TR RO T RE R O H R A KR
11, 3 BE S v i R Sy Ly L o T 4R v A
. VB 8 0P R Y /T i A 4
PR T B AR e R, R, o R 2
SEEAEFH R T M, gk S AW 8 KR T
R, 6 A 25 R B i TS g KU
3.3 RATHEERESEXGEMNBEERDY

A

T K X AR A U AR ) 22—, B AT 8 H
J5 FE 5 5% ) E K AR K K 0k I B W i 5 R RS
5% 2 0, bt 25 it R0 RO 2 0 L B R R L R
S BRI AR EEAR EROR R R R A
P 7= 77 B it A Ak A T 22 5L ) A A
WF 5T 2 B L K WIRS AR 38 T . B it 220 52 110 388 o L A4
16 RN AR ) FH 23 0 2800 0] 2080 23R 38 26 10k S T
o e AT s B AR S0 75 AR DY B 9T IN O BOKRE
FF B GRSl 0~ 35 cm) 7] D)ok 3 1 3% (1%
HERBE 7 o A2 A AR T R A WO T 4
RO R, 75 S o 2602 ik 5% 3R I 7 K- K &
BAE H KW B AT, ERENAR AR

5
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PR - S N - - <

10 4

Wi it 0 185 0 T 2 T R AR . AR SR R B, ZE R AT
S TS5 1T 25 1l A 7 it 20 ek 20 Y6 Gt 2
i 300. 0 kgehm 2 AY SR-+N2) 4t 3 £ K A HE &
2R R AR A 7 00 A IR R s . AT fig
JE RN T KA AT 34 FE B T sl it A ) FH B A AR L
RIMRRAERSY  Re A i b W R 4L 3
TER A S AR TR AR R, S
THERFR FHALCE .
4 &R

Tl FF A T 434t 20 %0 AR (SR N6) 4b 2 X%
TR MERHN R EAHBREER, AR %
FEAL T 13 C/N, FEFFA HR 2 Hb 4 77 e 2 &=
Jin 2096 (450. 0 kgehm™ %) Ab BIRE 72 12 B 5 o
B A 20 Vo), Bl 2 260 M8 B 00 1S 0 KRR
KL ZRA T IR, RS AT IS LAl L 3 it AR
20 %6 AT AE R Hip U 2 T R KRS AR IR B R R ROk

B A B,

S 2% Uk :
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Effects of Straw Returning and Nitrogen Fertilizer Application
on Soil Nutrients, Nitrogen Fertilizer Utilization
Efficiency., and Maize Yield in Semi-Arid Areas

GAO Pan', WANG Yuxian', LI Xinjie’, CAI Shanshan’, XU Yingying', YANG Huiying',
ZHANG Gongliang'

(1. Qigihar Branch, Heilongjiang Academy of Agricultural Sciences, Qigihar 161006, China;2. Qingdao Environmental
Protection Science Research Institute, Qingdao 266000, China;3. Heilongjiang Province Black Soil Protection
and Ultilization Research Institute, Harbin 150086, China)

Abstract: In order to investigate the effect of straw returning with nitrogen fertilizer on the nitrogen utilization
efficiency and yield of maize, this experiment took the fertilizer long-term positioning experimental field of
Qigihar Branch of Heilongjiang Academy of Agricultural Sciences as the research object. CK (conventional
planting) , straw returning without nitrogen fertilizer (SR+ NO), and straw returning with nitrogen fertilizer
262.5 kg*ha ' (SR+N1), 300.0 kgeha ' (SR+N2), 337.5 kgeha ' (SR+N3), 375.0 kg*ha ' (SR+N4),
412.5 kgeha '(SR-+N5), 450.0 kg+ha ' (SR+N6), 487.5 kg+ha ' (SR+N7) were applied respectively.
The effects of nitrogen fertilizer treatments on soil total nutrients, chemical stoichiometry characteristics,
nitrogen fertilizer agronomic efficiency, nitrogen fertilizer partial productivity, nitrogen fertilizer utilization
efficiency, and yield were analyzed. The results showed that compared with CK, the SR+ N5 and SR+ N6
treatments of straw returning + 10% nitrogen fertilizer and straw returning + 20% nitrogen fertilizer
application had the best accumulation of soil total nitrogen and phosphorus. The SR+ N4 (straw returning+
conventional fertilization) treatment had the highest total potassium content, and the SR + N5 treatment
increased soil organic carbon content by 3.24%. The soil C/N value of SR+ N6 (straw returning + 20%
nitrogen fertilizer application) and SR+N7 (straw returning+30% nitrogen fertilizer application) treatments
decreased by more than 20% compared to CK, while SR+ N4 (straw returning + conventional fertilization)
treatment had the highest C/P value; The C/K, N/K, and P/K values of SR + N5 treatment were all
improved. The SR+ N2 treatment showed the most significant improvement in the agronomic efficiency,
partial productivity, and utilization efficiency of nitrogen fertilizer. Compared with the control CK, the
agronomic efficiency, partial productivity, and utilization efficiency of nitrogen fertilizer increased by 21. 14% ,
22.72%, and 0. 04% , respectively. Returning straw to the field, the highest yield can be achieved with a
recommended nitrogen application rate of 20% (450.0 kgeha ') locally. The effect of applying nitrogen fertilizer on
maize yield on the basis of returning straw to the field shows a quadratic function relationship. When the
amount of nitrogen fertilizer applied to straw returning was 450. 0 kgeha ', increasing the amount of nitrogen
fertilizer will inhibit maize yield. Taking all factors into consideration, a 20% increase in nitrogen (450 kgeha™') can
be a reasonable choice for coordinating the yield of spring maize under straw returning in Semi-Arid Areas.

Keywords: returning straw to the field; nitrogen fertilizer; total nutrients; nitrogen fertilizer utilization

efficiency; yield
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