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(1. PRl 5 A 28 T AR AR / ] PO A8 AR T KRR TRE R AR ot 7 H ol 2l v E S 4 (6 WE R
FIFHE S SC e, Holr sk 7340005 2. sl Blasmiotte, Hlr sk 734000;
3. kTR R B A R A E], HIR 5k 734000 )

O P JE TR A H A RS R AR IR, WA R R AR AT . BT SR A L e T R H R
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P,05 150.0 kg/hm*, K,0 120.0 kg/hm®) + A& HLAE 15000.0 kg/hm® g Fefilt, B8 4R CK (70% 1L HE + A HLAE ) |
T1 (70% fRAE + A HUE + LIREBF] ) . T2 (70% FLAE + AHLIE + EPHAE ) . T3 (70% 1LAE + AHLIE + L5
WHR] + AW IE ) St 4 AN EER, WFSEARARIRE 30% ECitE HLAL . A= 4 T A A 398 58 B X6 36 K il Fob FH %4 1=
BRI PR . SR R AR LR MR S 1 BT R s . 25 SRR, AN [R]A B R R A 0
BDEZAN AT TL, T2, T3 CK AbFIXS +HEmff 20 . A% . Uiy m AR, T2 M T3 4# 5 CK b
A, THEREM pH WERRAL, HESFLBRE . BRI AR K R W E R, AL A LR e i
WEER, LHERHE A . MRS . IREE . BRI AL AL S T RN, B R, AN A
AR RN, TL, T2, T3 5 CK AR LLHR, X FORZEM . BORECR TR AT —asgm . o T2 i T3 4b 28
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W58 WEIEFH —BOA it ] 2 D RE ek £ 57 A1 2 BE
PERCAR AT Bl R K i A R A 2
RS A R T A S S TS A, B
JK g N Ao i R A g o (B R e S 9 R % 5k
AP R R L, BORA—, TR HLIE
S B 5 AR W T R 4 A T R ORI i
Vi b R HISCR 1 AN W8 . A BIFSE LA 18
AELL LA BRI A X 4, AR R Y
S PR AN G A Py AR, UL S D R
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1 #REIZE

1.1 e MR

R T 2020 —2021 4F 78 H i 44 7k 31 T H
XU I VD I A R OK ) Fh B b (39° 77 557 N,
100° 21" 4" E) #17, 4K 1450 m, 4 ¥R
7.6°C, EHFEKE 106 mm, 4FE7E K i 2046 mm,
H MR % 3085 h, JoFRHA 160 d. IR
B 1, VAR 18 4F, I AT HT 0 fA
2R 5 R, REE O ~ 20 em BHEZ 4R, HOE
AR AR 12.80 gkg, Bf#A 33.25 mgkg, A
W5 15.84 mg/kg, W ALAT 120.15 mg/kg, pH 8.02,
A T3 et (CEC) 16.92 emol/kg, 43k 1.62 of
kgo
1.2 REA R

ZARE KSR A 5K 328”7, HH A Skl
WA BRAFIES . AWHIEN 2" fk
YR (AU = 70%, HROEEE= 100 124> /g,

FBE R A R AT A SR AT ), iR
ZM (L) AR RA R A, R R
e RET BB (BN = 1.2 gk, AL
Jfi= 22 gke, B = 1.8 g/kg, K,0 = 0.5 gkg,
Ca0 = 1.0 g/kg, MgO = 0.4 g/kg, pH3.0 ~ 4.0),
S IR F RO A JBA FRA R AE ™ . LR
JRE (N46% ), LBEMRES (P05 129% ), i R f
(K,050% ) ; AHUIE R LEEA-2E (AL 24.3%,
N. P,05. K,0 43 % 5 0.35%. 0.15%. 0.31% ) ,
H 8T N XU B IR A R Tl A AR A A
Pl
1.3 it

KR BE AL X 4l 3F, DL 100% 1% 4t
AL AL (N 375.0 kg/hm®, P,05150.0 kg/hm?*,
K,0 120.0 kg/hm®) + A HLIE 15000.0 ke/hm® y3Efd;,
WHE 4 0H: XTI CK (70% 4BAE + AHLAE ) 5 T1
(70% LB + A HLAE + L HEJRHEEF] ) 5 T2 (70% fk
JE + AHUE + AP ) ;T3 (70% FRIE + AHLIE +
TR + AL ), B 3 IRER, /D
XA 32 m*, 45 Ah B R it B R LR 1, BN
P BERRES . BRERAT . AHUIE (RS | AW
BENE . IR R U NIEAERE AR IS 2TEA 0 ~ 20
em MHE)Z . AL /3 BIAE FRAT T Rmpl w1 4]
FFF A 22 914 3423 LBl 2 A KBt . >R
Mo 7w Ak s, T4 H 20 HEERP, B:A 50 em 55
FPEERE RN, BREE 22 em, QAR AL 7E A7 R A o
], PIRERD, B AR SRR RIRE R, 2B
TR TE AR E T AR, SCARREE
50 em, SCEEARYgBE AR+, N T 8ifk, &K
J2RA T, BITREE L ~ 2K, BN STEK
WV KRR A, A A B it ) 0 T o
—2.

1 BWLERERE (kg/hm®)
HHLE

QbR AR A B N P,0s K,0 (%) + HEH ) EYTEIE

CK 70% FLHE + A7 ALK 262.5 105.0 84.0 15000.0 0 0

T1 70% TEAE + A HUIE + - HER HL) 262.5 105.0 84.0 15000.0 900 0

T2 70% ALAE + B HLAE + AW AT 262.5 105.0 84.0 15000.0 0 900

T3 70% L IE + A HLAE + 4 8 0 BE ) + 262.5 105.0 84.0 15000.0 900 900

TR
i 100% LIRS N 375.0 kg/hm® . P,04 150.0 kg/hm®, K,0 120.0 kg/hm’,
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14 WEFER KOk

THEREACREE . RIS , LR LR
Fevk, RE O ~ 20 em BHE)Z LHE 5 ke, HIREG T
BERAFAE VK B I SE G 2, IRAE), ZHbRAWn
it 2 mm G4 2 1y, — B T HREAFIA 4C
VKEAPRAEBERE (29100 ), fEREY S . T 1Em
WP s — M AR, BB 1 mm 0, T
g SR EAL R IR

IR RRIE . AESRAFIIE, BALER
JER AR, KT 025 mm HI AR FH Tk,
AHUTCR BRSO 2R Y 80k A
KWK NaHCO; 3248 — HBRHT e 03 e i
7E K NH,OAc 248 - KA 88 pH R
MREEHEE (KB 5:1) ™ Rk = i x
BALBRE x HEWE; AR = LA PR
WA 1724 205 - HEREERE = A HLRR I &2
fH x2.25,

BeEYPECREIE . SRR ARE 2, 1k
AT SR M RIS = (1
T x BB A ) + [ R REZTIE x (1-
oK) L

S R A DRI o SR P T L 20
REBERG I R 3,5- IR IR L (ks R
R 52 R P B A AN L a3 2o AL N 2 R
R

HRP KPR . FORRRY, £/ NX Ik
HlE] 44730 7=, AR IR kL, % 14% K3
A T R R
L5 Bdisrir

Bl R SPSS 20.0 e it br, Ffoh i
EWETR L R

2 ZERESH
2.1 AN[A) A B 3 K Al T 3 B AR A K

RN

MR 2T LA, T1 5 CK AR A, AERE
I 4.54%; BFLBRRE . PR, (AR K &5 5 1
Jn630%., 5.08%. 630%, 2=S¥IAREE (P>0.05),
T2 FIT3 5 CK &b B e A%, %% & B K 10.39% F1
14.29%, HIBARIEAN 11.96% F1 14.19%, SFLEREE

AR K B0 14.42% 1 19.81%, 225343k

FIKFE (P<0.05), 1 T2 A1 T3 5 T1 ALFEHL#E, %
AR 6.12% F1 10.20%, i A1 5 A58 1 6.55% il
8.67%. e FLBREE . M FIRE K 2 3438 T 7.64%
12.71%, 2558 % KF (P<0.05), T25 T3
AbFR 2 (6] 45 T 6 bR 22 S AN B 3. R I Ak e s
30% HCfita A HUIEIERE b, 38t A= 9 5 IR % He 4 394
P 55 A= 4y T U it A P4 T 4 S A AR ) o T K
MIZSEE, HEINSFLBREE | IR AR K i .

K2 AELIEITEREFHEDEMERNEKEHH 0

e R BALBUE  >025mm [l (AHRKE
(g/em’) (%) Rk (%) (t/hm*)
CK 1.54a 41.89h 32.28b 837.8b
T1 1.47a 44.53h 33.92b 890.6b
T2 1.38b 47.93a 36.14a 958.6a
T3 1.32b 50.19a 36.86a 1003.8a

Vi S BCHE S AS )/ B e A BRI 0.05 KOF F 22 5 3%
T,
2.2 N[RIARFEXT KA 4 g fb2E R A RZ
3BT RN, T1 M1 CK Ab B HE A 09 AL
AR B RN, T2 A1 T3 5 CK b3
Feds, AHLS RN 11.56% 1 16.56%, £ LK
RGN 11.44% TN 16.42%, {8 in 11.48% F
1645%, 22519388 E K (P<0.05), T2 T3 5
T1 AR PR AL, A HLET & 3G 0 10.53% F1 15.48%,
A LR & 2 50 10.55% F115.49%, 3 B 2 58
10.56% 1 15.48%, 2% 5 #1355 i % K F (P<0.05),
M T1, T2 1 T3 5 CK AbFR e As, +3Emima & &
I3 B 6.56% . 6.92% F1 10.77%; 45 5wk & & 4%
B3N 9.97% . 10.50% F1 11.29%; 33 %4 4 1% 2= 43
B B A12.58% . 5.27% F16.72%, T1. T2 Fl T3 &b
2] 22 AR B 3 (P>0.05). T2 1 T3 4b B (1)
+ 3% pH %5 CK A4b BEF#AIC 5.49% F115.99%, 255 5.3
(P<0.05), % T1 AbPEREAR 3.56% F1 4.07%, 254
23 (P>0.05), T2 F1T3 ZbFHAY 4 HE CEC %% CK 4k
TR 14.42% F1 25.0%, %5 T1 AbFREE N 12.04% Fi
2240%, 2E5¥ik N E K (P<0.05), T2 5 T3 4b
MZEESARE, HILAT L, fACS AT
HUIE + IR R + ZE DR NEA R, SCaPUIE + 5L
AW BE O] AR -4 pH, 39+ CEC, AL
Jafr g, AR SRR, ok bk
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R3 AEAEIERGIFETIREEF KRB

e ARG E APRS T a WA SR AREYTE AR o PH =S 3¢ i b
(g/kg) (g/ke) (t/hm*) (mg/kg) (mg/kg) ( mg/kg) (emol/kg )
CK 12.80b 7.43h 16.72h 33.25h 15.24b 128.15h 8.02a 16.92h
T1 12.92b 7.49h 16.86h 35.43a 16.76a 131.45a 7.86ab 17.28b
T2 14.28a 8.28a 18.64a 35.55a 16.84a 134.90a 7.58h 19.36a
T3 14.92a 8.65a 19.47a 36.83a 16.96a 136.76a 7.54b 21.15a

2.3 UN[n] A B K P A EGCE R A
5l

& 40045, T1 5 CK A A, HEBERW
b 3.06%, A L R A I 1.89% F1 2.53%,
LRYIREE (P>0.05), T2 5 T1 F1 CK kb H#,
FUE R WD 20.78% F1123.20%, MEECE W
FHEN 21.30% F123.59%, i £k R A W
14.82% H1 17.72%, T3 5 T1 F1 CK AP AR, B
Bk B D 22.26% F 24.64% ; A KR B 5 1
T 26.85% F1 29.25%; Lk AR WG IN 19.75%
F122.79%., UiHH T2, T3 Ab B Al y /0> + 38 B0 5 19 5
S, B SN TR R B R R, T T AR XS
I AN R T RO T B E

F 4 REIAIEE KT B R EE R R0

HH ] TR

P, REWERE . DRG0 R EE R O AR A S I
M BN 31.19% . 37.19% . 33.33% £l 39.10%
(P<0.05); T35 CK 4b BH bb %%, 7iF BH B . IR .
ol T2 Tl T o A Al S Y T MR IR 2 G N 37.20% .
65.39% . 77.27% F147.33% ( P<0.05), 5 T1 kb #f
P, WEWERG . DRG0 RN O A A S Y
M W BN 36.27% . 42.15% . 44.45% K 46.54%
(P<0.05 ) HHUEAT UL, AN [f] A BT 5 K il o FH ity 0%
PR W KM YR A T3>T2>T1>CK, T1 &b B AT 4
Jorn JOR it R0 R TR A ) 35 M, T2 T3 A AT R i 4 g
PN . DK . WERREG RN A S TS M
2.5 AN[FEIARFXT D KA 2R S R 50
=6 MR, ANFEALHE Rk R R AR
o 22 5, (HX 2R BREIOR TR AT —
FEFZM , Horp T1 AR ZE R 4 CK B 5.39%,

i (x10° cfulg) (x10° (',fu/g) (x10° (’,fu/g) *j‘ﬁ%n:‘:*j‘i%%”ﬁ CK i j][l 5.81% ﬂ:ﬂ 2.60% ’ %
CK 5.56a 1.06h 0.79h EKE% (P>0-05 )o T2 113 4b ¥ E‘J%*ﬂﬁ CK ﬂ\
T 530a 1.08b 051b T RN 13.28% F11 17.84%, %% T1 AL B 140
™ 497Th L 3la 0.9% 7.48% F1 11.81%. T2 F1 T3 &b H Y FA 04 CK 4b
- 4.19h 78 0.97a PG SN 13.32% F1 17.22%, %5 T1 ACFLE 48

2.4 N[E] b BT T oK il A A SR T A 1 5

AN [R) Ak 3 A R G PR BT WL S, T1 5 CK
Ab B E RS, UK T RN W R TS M N 16.35%
122.72% (P<0.05), T2 5 CK &b B M %8, 7 4
fitg . JUREG . BERREG AT I A W E RSN 32.08%
59.62% . 63.64% F139.84% ( P<0.05), 5T kbFg

7.09% F1 10.78%, T2 F1 T3 ZEFRP) TR EH CK Ab3H
BTN 3.53% F1 4.07%. UiRH T2, T3 Zb#LA F|F
HEE FORFBEFR MR = A R R . 7 ok,
BRI PR IO T3>T2>T1>CK, Hirp T1 %% CK Ak
PRI = 5.45%, 2SR ARE (P>0.05), T2 F1T3 8%
CK Kb B & 1677 9.919% Fl 11.45% (P<0.05), 7=
PR e R PR T R ESOR TR

RS AREAIEXSE KRG E T EEEE AR

fhsm HERHRG g3 WL 1t AL A
[mg/ (g-d)] [mg/ (g-d)] [mg/ (g-d)] [ml/ (g-h)]
CK 2.93b 1.04c¢ 0.22¢ 3.74b
T1 2.95b 1.21b 0.27b 3.76b
T2 3.87a 1.66a 0.36a 5.23a
T3 4.02a 1.72a 0.39a 5.51a
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Fo6 AEMEMHFHERREERKE=EHZIN

i B M B TR Tk P & CK 3=
(em) (em) (em) CHL /7)) (g) (kg/hm®) (%)
CK 186.3a 2.41b 13.2a 225.3b 334.0b 7372.5b —
T1 196.9a 2.54h 13.8a 238.4b 342.7ab 7774.5bh 5.45
T2 204.7a 2.73a 14.2a 255.3a 345.8a 8103.2a 9.91
T3 206.3a 2.84a 15.3a 264.1a 347.6a 8216.5a 11.45
3 Wi fife, SN R SR AT A, B

YA AR RSS2 ) 247 G 2 B 6 A o o e ] 7
RIBRFEZE, IR R A A S ke 35 135
MCERS IR, BT i, ATFSE L% Y bt
AESEF AR A3 . (LI ER , DIMEGEMAE J 5t
Bl VR4S 0 - ORI RAE W T, R
W AT HUIE G - S FI A . A S T A s
o7 Xt b KA L BB RS EE X,
PR A HLE AR B BEB 1
3.0 ARBEE T A Bt A 4 A L 3 9
FX - AL AR

PR 5 B R 1 T VR RS A B
TREDL, CABGOA N, K EKREFER S
AP B AR A T, S H LI . ok
SRR R LR, Pt AL R Y, e
PR AT L4 B SRR, REDAL T R
B, WAL SRy, AR E RS R H
[ 2 AT F T, K A K R 1 7R AR R
Y R HLIE . R A A A, AT
ERR AT, BTG pH, B0 LI |
VBRI AN KB, S R HLRR . A LA
MR R SRT DI SE EA MR T Bk
TR ATV 1 Gt A A ) Rl 1 143
YA X0 A TSR R A AR, T RE
R L R S REVE AR e, —LeE A
S, S ) 1 S8 ) 0of - S 30 A R 114 5
WARIE 2, AHFE I R A LR RCG A 4
T I R 0 U i B A A M TR, 3
BT AR SRR H A, AT R, AT AR
5 Ay R - S B e A R R A LB R R
TALEFRITR, AR T HERA LRSS
B, A HLITRY S RE 5 10 SRR W B T
P, B REEEEE, P A HUS R SR 43

R S A A ad OB, R R A AT R RE
05 73 ISTERY BRI 8, K L3 h R TR B
FRAEAL R VR 5 s 9 37 43 5 AR 2 AT i
gL G . PLRER . ZRIEFEALIUE
WyJse, IR — S IR A B, BRI AR —
ROV AR W TR P H
AT L S IR S AR I = i A B 2,
BRI FBERA—, T ARSI 1 e 57
Ay R A G )22 A i A B S RN A i — 20
W,
3.2 ALACIB R A AL BC Tt A= Wy o AT R L g i
FRN B 1 P 2

LIRSS LR T A YL R R R A
WEE B bRz — 7 Horlr, b e
Z5AHAN, Histe S B R IEMDE, W]
VINE PP 1 e AU RRE | A i B2 A A0 ) 1)
febnz— 1 SR AR R 3 0 S -
A W EEOEIROUR AL MR RO %Ak
SRS TR E O | TR ERAR A RS A
. ATHDRRIE A AT 2 ks B
FEINTy, BRI Ik R S B e
e, P LR, WS IR R E SR
JCERM R L, e RIEIL T . ARBEE HaiEAE
Py L AT e 25 SRR . DRI BRI A AL
SRR, R RAL A EE AL
BRI f2 WE, TEERA MARas, inE
TIEA P HACAIT, BT o L SRSV RTE SR
TR LSS
3.3 ALACIEEE N A HILAL BTt A= 4y o A R g )
FRRS SRR DRI AT AL O

Tl A 0 A PSR A - S A 25 P A4 B Y
TEF, eV AR i T R EE
S BTN, R B R R
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TR R, A R A D, IR
GV E . AKIRI], ARy R A A S B
AU R AR, SN - AR T LK B Y
B, GRS 0 IS IR A —
o oAU AT BE -5 it 0 (v A R R A A S
AV DA Bl A 0 AR A B AR T S e R R P TR
AEASIREE, T A g A M RCREE N, A
A B A 50 O T AR W T A 1 3 25
Xof - AR WA R A R AR R A i TR — B IRA
.
3.4 ALACIEE N A DAL BCTE A= 4y 1 A R L 5 e B
FRDRS i K B R ZE MR ) 2

St O BTN, it A IR AT
KRR AR, SRR ST, ek oK
MBI ARERR I, LA N A UL R A=
R LT - S R A ) TRl TR 2R Rk R
TRESRZETIR, BERS7 ., X564
IS Pt A= 2 T S D SR B A il st 1 AL
PRI SR, mfedt T 5RAERERT, B
P T F A BN R A YOG R ATSESS
RAT A — Bk

4 #5ig

LEAITAIAS, ARIAAMT T3 (70% I + A
PUAE + e + AP AL ) Ab SRR R, H
U T2 (70% ALAE + A AHLIE + A9 BEAE ) AbFE, 43
WlAsE CK AbFR 077 11.45% F1991%, A F| Tkt
T] G S JBR  OK il o P A - B A R T, IR 1 4
Z5EM pH, B4h0 58 CEC. AP, A LA
i, PR R AR K, SO R
ShR, EEEYTE R, DRSBTS E R R
EESE
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The ecological restoration effect of organic fertilizer combined with soil conditioner and biological fertilizer on
continuous cropping soil of maize seed production under chemical fertilizer reduction

XTAO Zhan-wen', ZHAO Zhi-xi>*, ZHAO Yun-chen', CHENG Hong-yu'", MA Yin-shan', PU Chao', FU Yu-ye’
(1. College of Agriculture and Ecological Engineering, Hexi University/The Engineering Technology Center of Corn
Seed in Hexi Corridor/key Laboratory of Hexi Corridor Resources Utilization of Gansu Province, Zhangye Gansu 734000;
2. Zhangye Academy of Agricultural Sciences, Zhangye Gansu 734000; 3. Zhangye Zhongtian Agricultural Technology Co.
Ltd., Zhangye Gansu 734000 )

Abstract: The influence of continuous cropping obstacles on maize seed production fields in Hexi Corridor is increasing year by
year. How to effectively alleviate the continuous cropping obstacles and improve the quality and productivity of cultivated land was an
urgent problem to be solved. In this study, a randomized block design was adopted in a maize planting field with continuous cropping
for 18 years. Based on 100% conventional fertilizer ( N 375.0 kg/hm®, P,05150.0 kg/hm®, K,0 120.0 kg/hm® ) + organic fertilizer
15000.0 kg/hm®, four treatments were set up: CK ( 70% fertilizer + organic fertilizer ) , T1 ( 70%chemical fertilizer + organic
fertilizer + soil conditioner ), T2 ( 70% chemical fertilizer + organic fertilizer + bio—fertilizer )and T3 ( 70% chemical fertilizer
+ organic fertilizer + soil conditioner + hio—fertilizer ) , and their effects on the physicochemical properties, microbial population
changes, soil enzyme activity, and yield of continuous cropping soil in maize seed fields were studied. The results showed that
different treatments had different ecological restoration effects on long-term continuous cropping soil of maize. Compared with CK,
T1, T2 and T3 treatments had no obvious effect on soil alkaline hydrolysis nitrogen, available phosphorus and available potassium.
Compared with CK, the soil bulk density and pH of T2 and T3 treatments were decreased significantly, soil total porosity,
aggregate and saturated water capacity were increased significantly, soil organic matter, organic carbon and carbon supply were
increased significantly, soil cation exchange capacity, sucrase, urease, phosphatase and catalase activity were increased
significantly, fungi was decreased significantly, and bacteria and actinomyces were increased significantly. Compared with CK,
T1, T2 and T3 treatments had certain effects on stem diameter, grain number and 1000-seed weight of maize. The stem diameter
of T2 and T3 treatments were increased by 13.28% and 17.84%, the grain number were increased by 13.32% and 17.22%, 1000-
seed weight were increased by 3.53% and 4.07%, and the yield were increased significantly by 9.91% and 11.45%, respectively.
Under the conditions of this experiment, T3 treatment had the best effects on ecological restoration and yield increase in maize seed
continuous cropping soil.

Key words: continuous cropping field for maize seed production; chemical fertilizer reduction; biological fertilizer; soil

conditioner; ecological restoration
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