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WOE: N TR A HLICHLUIL B A 2 2 2 B SR A B RO RS R sg e, BT S
AR A BRI R RS, 5 AR N . &Fh/NE + K FE T A 100% FRAE (XTI 1, CK1); &Fhit
I+ 7K F& it FH 100% PR AR ( XFHR 2, CK2) ;5 A Fh 40 + K A5 it F 40% 38 28 I +60% fL A (T1); &Rt +
JKRE i 1 40% 1 5] 23 A8 +60% AL B (T2) 5 & Fh G AL + KRG it JH 40% 32 DFIE +60% FLIE (T3 ), &5 K.
(1) 5 CKLALL, &P +40% FHAHUIE +60% FLACAIIHE S TR ™ i, B IREN 15.9% ~ 37.4%( 2019 4F ) |
17.2% ~ 29.6% (2020 4F ) ; T2 F1 T3 Kb BEAG B4 7 UL T T1 A B, (2) 5 CKLAHLL, ZFPERI0 +40% £ HLAC
+60% LABAL BRI HE R T AR . AR . URA . AR + WIAA (NHS+NOy ) A5, e &, #2
R K 4.4% ~ 13.2% . 18.9% ~ 24.5%. 23.2% ~ 37.6%. 38.8% ~ 83.2%. 25.7% ~ 59.8% . 1.5% ~ 9.8%;
T3 A FET A R THE 2 AR . 2. TR AR NH, +NO,™ Ao, T2 AbFU T A ] T4 25 1 G 20 R &
H, (3) 5 CKI AL, AFPERI0 +40% A HUIE +60% (LR HIAR & T - ERERERRG 1 . S b S G . Bl PER IR
e, B ARl e = T IRAERE . T3 AbEIEEAT R T4 5 - REE A e, T2 AL FEEEAT R T 5 - SRR e
PERRRRIRTGTE. (4) KA SRR . 2%, MER . NH,+NO, | AR & o M e fehing . A LS. il
PEBERR RGPk 2 EAR G (P<0.05), HY5 HEe5. Bl & & 2 TR Iamias . et S0k SR s M i A DGR
U, DL ESEREW, fERMNTHME R A, i &R ERIRLE Ak R it 40% A HUIE +60% fLARGER#EEAE +
FEMNA R R KRR = A RICR L P S5 S AR SR DR AE AR T RS2
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ST SEHEATRAE O, ot gk LT AR R
BEVS HEAEY R SRR LR S S,
HER. B, FTERZL, Ry SR,
I P2 0 ke R L3 (02

B, ARt & A LR RCERA 2
PR A - A R — . WA Ik
KA sl A AU RS, 7R T e
B b N AR R AR R e A R
HEM R R EEG IRGE . AN, TR A
AFAL RN R, S FEAE AT 0 T O T
MBI RE — 2, (AR A s R+
HERR . AL BEFAL SRR CEEE B Z . R
I, FRATIS B A TSR +40% A HLAE +60% 1L AE 4k
PR, BRI AR A 2 e AT B S AR
KRB RN, LA R AR e AT B A ]
FH B KR A P R AR AN AR S

1 #REIZE

11 b S A

RIS T 2019—2020 4FFE VL5484 0 T FRVLIX
NEBAER (119°19 107 E, 32°34' 13" N) #f
17, ZH IR & 12 m, FHRIR 15°C, 4T
BIFEK A 1063.2 mm, JoFEHH 223 d, JEMRFEE . i
55 H 2012 4FFif AR AT 3, 2012 4K ESFR AT,
MR R T E R T AL R, 2013 %R
PR AR, 2014—2018 4F HEAT K RS - /N2 R
fH, 2019—2020 4EJF 5 iE A7 & Fh sk IE 45 5K F A
HLIEHLAE FCHE A 5T o 050 T 4 A 5 ML &
118g-kg'. ERAGHO04g kg, HRUHESE
119¢ - ke HEHEE 191¢ - kg
1.2 K

DL #3908 Sy /K R b B, 2 KR o RS
HAETLIAE 5 T8 Pl M XA (A ol
ZRAE SR, R (Astragalus sinicus L. ) A
HLAE: XGZEAE (C 16.6%. N 1.6%. P,051.2% . K,0
0.7% ) . W20 (C 14.5%. N 2.0%. P05 1.7%.
K,0 1.0% ) . ¢ #f JF A (C 38.1%. N 4.2%. P,0;
23%., K0 1.6 % ); ik bhet. JRZE (N 46%) .
HBEIRESG (P05 12% ) . AL (K0 60% ) . —JT
AN (26-10-15) . =J0E AHE (15-15-15) |
U A (30-0-5),
1.3 it

KK E/ANKRK, B A3, EHE 3

W, EESAAE. (1) ZRh/NE+ KA
100% FLHE ( XFRE 1, CK1); (2) ZFhEEAE + KH
Jiti FH 100% fEAE ( XF AR 2, CK2); (3) &Fh&Rie +
JK AR 40% XGFEHE +60% ALHE (T1); (4) &Fh
SERE + K Fe it FH 40% i 45 35 A +60% FLIE (T2) ;
(5) & FhE ML + KA i FH 40% 3247 9F I +60% 1k
JE(T3), E = J4EF &N 74 kg - hm™, 7884
4 A A EEAT BRI A2 BOKERE AU
HRIAE, 300 kg - hm™, H A HLIE AR IE B
AL T A HLEALAEE R 46, 4052 120, 180
kg + hm™, EARAURHA LR 1. A HUAE— Rk
fitio ZALATIEAE . BEAR . FEAL 3 Wi, FEBEAL
FEAEA 6 4, FEAR - BEAEN 6 : 4. BEAR—IRPEILE ;
BRAEAY L . BEARPHUOEA , JEAE  FAR R 20 1, K
T 201946 H 15 H M 20204E 6 H 20 H #f 17
B Ak, Bk 3.5 ~ 4.0, FRAHITRRIE A 30
emx 12.5 em, AW 26.7 J7 ¢, /N X 0 FH 36
m’, BA/NX IR AR TR AR R E ER A, R
ST BRAN 52, AL Bl B AR X, R A
P2 HE Y A B
14 e H Rk
141 JKFERE SR AE S e

BB A /INX IR 28 7 ORFEIEMEGE 155 3
FEEL, FFREHL 3 /R ERM KRR bR Ml S ==, )
SERRRRAL . 4550 TR, JHEUKREHELS 5.
1.42  HHEFERCRESIE

2020 4E 7K AE A E 5, RS /N DR R
A T R, RELO ~ 20 em )2 8 £
FE, R —NRARE, B4, id 2 mm ek
0, RN BHER A Y BR A RS /T 1
TE PRI A o T R MRl . R0 14 fh 7oA 5 A
PR RN, HE—$53, 5 - K EIRIR
B, A ARLL A AL G, TR 510 nm A FHIEDE
W, AE—E JEE Y 510 nm 6 IS i i % 5
G RN o ol x e = 374 I ISR R RS
W5 IR A A PR 28 P AR B S A, B AL A
fitf : H,0, 7 240 nm I A FEAEWE e, 38 2k 5
B SOV R AR AR A T WO R R AR A, BVRT
Wit A SR PR A, IR R I B
IRBE, Rl R A A i R R — A K A A R
PR S 0, 38 5 I M i) 26 p o B RT 3155
B 1l P S . LR AR 2 BT U S
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Fx 1 AEMEEAEIE T (kg *hm™)
N P,0, K,0 oSt

pisii
FHLIE i FHLIE i AHLE i N P,05 K,0
CK1 0 300 0 75 0 150 300 75 150
CK2 0 300 0 75 0 150 300 75 150
Tl 120 180 90 0 53 97 300 90 150
T2 120 180 102 0 60 90 300 102 150
T3 120 180 66 9 46 104 300 75 150

BHN, FNXPFERE O ~ 20 em T2 HFE,
B MNMEAHE, RBRZT, A RELShar =
HEAT T AR SRR, 43t 0.85 5 0.15 mm
FHT M E TR0 & . e K /R =
Vario EL cube JCZR /MM FEATIN E . 3007 2
BASHEL AR AR A A A E ik
ULt BRI )
1.5 Bk

K Excel 2016 ##47E . FiilfE. FH SPSS 23.0
PEAT T 2200 M LS 5 P b A, AR ERTA) A £ R AR
( i1t B # K F N P<0.05) F H Duncan ¥, K H
Origin 2021 FEATAHSCHER I3 7347 o

2 HERESH

2.1 AFhEEROAAE HLICA LAE B it 7 R 7= 2 A 5 i
M 1 ATAL, 5 KA b, &Rk e Ab B 2
BB BN T (P<0.05) KRG/ hE, B2 08 B
WA 11.1% ~ 374% (2019 4F ) . 4.0% ~ 29.6%
(20204 ); 5 CK2 AH Ik, 4 b 4% I8 +40% A7 #L
JIE +60% Ak AT 14 i 5% & 25 3 T (P<0.05) JK F
FER, BT R BE N 44% ~ 23.7% (2019 4F ) |
12.7% ~ 24.6% (2020 4F ). 3 FAHUIERZH, T2
(5128 ) Ko T3 (ZEFFURAE ) Ab B 36 P~ SR A T
T1 (X525 ),
2.2 AFhEpEAAALICHLIE BT 15 7 i i
R20H, L 24F 4B 5, 5 CK1AH
b, AFhagEab sy fem 7 g amk. 2%,
A, AR+ AR (NHS+NOy ) o A &k
B RS A, PR IEE O 44% ~ 13.2%.,
715% ~ 245%. 43% ~ 37.6%. 1.4% ~ 83.2%.
21.0% ~ 59.8%. 1.5% ~ 9.8%; 5 CK2 i, %
Tt 43 0 +40% A HLIE +60% 16 I 42 & T + 4% 4

A WA NHS+NOy ., A Ui n & &, 25
g BE 4y W M 105% ~ 158%. 18.1% ~ 31.9%.
37.0% ~ 80.7%. 3.9% ~ 32.1%, #EfFole T 1%
SR B, 3 AP HLIERN ST, T3 AbH
AR TS LS. 2R A NHS+NO;
T, T2 Ab P A ) T4 g e A AR T g B

A~ EL

A
120
20194F 20204F
96 F ab a
™ a
o ¢ be b %
C
g 72 F e ] ¢ © [
- & =
I 48 F
H
24}

0.0 1 1 1 1 1 1 1 1 1 1 J
CKICK2 T1 T2 T3 CKI CK2 Tl T2 T3
SiH SiH

B 1 ARASEIKEEEEN
TE: BRI ERIRE TR IFOR 252 B3 (P<0.05),

2.3 AFhE AR A HLICHLAE B i T 4 59w S M )
AU

3 ATA, 5 CKIAH L, KFPeginy
T (P<0.05) - MERemEG sk, 5 CK2 ab 3
L, LRI +40% A HLIE +60% 1k A i 2 2
T (P<0.05) 1 SEREPERGIG PR ; T3 Zb3H A pEbs i
TGP (P<0.05) @ T T1 T2 4b$H, 4P
JEF, AN T2 KbBET RG22 & F CK1, 3
KA 2ZZ AR E . 5 CK1 A, CK2 AbHE
EREART L3S AL BTG, (BRI +40%
AL +60% FLAL T H2 5 T (P<0.05) -3t %1
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LA BFEYE, 3 R LR JC I 3 25 5 (P>0.05 ),
CK1 5 CK2 &b # 7] A 3 m P4 05 R B 105 1 TG I 3 22
Sy {H 5 CK1 F CK2 A FRAR L, & R IE +40%

HHLAE +60% FL AL HE ol i 3 (P<0.05) #EE T+
e R TE M T2 AT BRI 1S T
T T1 5 T3 kb3,

R 2 FEAIEXKFER A T R HIR N

b §5¥i/q A TR AR AR + ISA AR et
(g-kg") (g-kgh) (mg - kg™") (mg - kg™) (mg - kg) (mg -+ kg™)
CK1 6.80 +0.04d 0.53 £ 0.05b 52.61 +0.37¢ 28.08 + 1.39¢ 11.68 + 1.24h 190.58 + 3.57h
CK2 7.18 £0.01c 0.57 £ 0.04b 54.88 + 1.40¢ 28.46 + 2.09¢ 14.13 = 1.24b 196.08 + 3.80b
T1 7.58 £0.01b 0.63 £ 0.03a 64.83 + 5.50b 40.19 + 1.50b 16.16 £ 3.00a 193.52 +3.98b
T2 7.10 £0.07¢ 0.64 +0.03a 68.80 +2.91ab 38.98 + 1.09h 18.67 +2.95a 209.34 +3.55a
T3 7.70 £ 0.04a 0.66 + 0.03a 72.37 +£3.65a 51.44 £2.12a 14.68 + 2.93ab 195.42 + 4.12b
T BUER PR TR 225 B3 (P<0.05), T,
* 3 AREALIEXS /KR B HA L R M A 220
e gt MRt R T A L it
(mg-d'-g") (pg-d'-gh) (pmol +d™" - g") (pmol +d™" - g")
CK1 43.71 £ 0.18d 630.74 + 7.08b 5733 +£0.12b 5.76 £ 0.04c
CK2 55.46 + 0.44c¢ 619.92 + 18.18b 56.41 £ 0.04c¢ 5.66 £ 0.05¢
T1 57.14 £ 0.68b 630.22 + 16.32b 59.08 £ 0.28a 6.35 +0.09b
T2 58.44 + 0.04b 754.86 +26.78a 59.31 £ 0.04a 7.43 +0.16a
T3 59.82 £0.51a 597.22 + 1.51b 59.19 £ 0.02a 5.97 £0.10c

2.4 JKFEFEE . IR S T A O
HE2AT 1, KR &5 E A, 24,
LA L. NHG+NO; . A3 8508 7 & S A 5880 g 1%
PE . A UG TE L B R R R O M I A
K (P<0.05), SEfaCef &, DRI PEC W3 A
Kt (P>0.05), T HERERE B PE S LSk, &
A BEAE A NH;+NO; . A 80iE . 204 & = W
FIEFK (P<0.05), IEMRRER IS M N5 43 bk
Rp AR R B IEME (P<0.05), 5HA 1
Iy e E BT E A G (P>0.05), HHEd AR
Pl kS R . AL B AL, NH;+NO; &
R EAE (P<0.05), 534 50m. 3
AR A A (P>0.05 ), - SE B P R 19 il
WS R AR, WA, AR SRR

BFIEM K (P<0.05), {H5 L. NH+NO;
TRIC W E A (P>0.05),

S IR IS - U o % o 1 s o A L )
77 22 STHR A3 5 R 58.1 % F1 22.7 %, Wi 2 Fll ik
80.8%, P]H T Wt RS MR FIFE, T1. T2
T3 AL PR KRG = . RO S IS R Y
5 CK1fE1E 8 K 22 5, CK1 5 CK2 4b 3 8] 22 5+
AR 3FAPAEALB T, T2 b A H TR 5
A RO . RO BB L e R
PE; T3 LB B R T4 S KRS = e 3 e . 4
A HUECE A A AR, S RS
R B AR NH, +NO, 5 5 S 38 70 il 7% M |
Ik A Ak S I A S T T At A R 4
TS
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dER X X X XXX N X
0.8
lw - 00@e - @0 @
0.6
N[ 076 | 065 N . o o .
AN| 093 | 067 077 | AN . o O ‘ o . s 04
NH,+NO;"| 090 081 | 075 087 wino, @ @ . . o 0.2
AP| 052 | 019 | 043 | 046 | 034 | ar | (@ . o O ‘ 0
AK | 039 039 | 040 | 018 | 052 | AK | (@ . o . -02
ssc|oso 076 | 075 078 070 057 049 ssc @ @ @ 04
S-UE | 0.100 0.15 | 024 035 | 076 | 016 S-UE @ . o6
S-CAT| 082 | 054 | 074 | 079 | 080 | 044 037 | 054 028 S-CAT . ok
S-AKP | 052 046 | 0.54 | 027 | 0.67 | 071 | 042 | 075 | 0.63 S-AKP
-1
> &) z Z o & @ &= &
5 S ¢ < ¥ 8 5 2% g
= 2 2 O <
+, 1%} %)
=
z

A GY:
S—CAT:

PC2 (22.7%)

PC1 (58.1%)

B3 KkiEFFE. TiEFS. TEEEEERS ST
3 itig

FEESTAE R ], ARG R 4 H s
LA AR IR, B
K 1 FF A AL ICATLAE it 1T LA 25 - AR 7 R Ve
Fedg R AR A S B &
PSR SE A /KRS RI_ A HLICHUIR BCHE H BT8R

Do ABFFEEEREN, FERHR 3t A B 45k
R, WHIERS SRR, 5E&F/NE + KFF
Jiti 1 100% FLREAH E, A RPER I A BESA 2 5 T 145
MOk, AL BRA. NHS4NO, . AR, ik
BRE S SAFhERAE + KRS 100% fk B Ak 3
AH L, A PPERIE + oK it FH 40% A HLAE +60% 1k
JETE et A B AL, NH,+NOy . AL
WY O, ERFOR R R RRR RN S Y B
(2 2), M A2 PR ] Rl 2 g N LA 5 1 [T A0
N, AR ARG EAHEECR, 55, @
KB, A B SRR, BEITEA gL
TALE SR KRR . Al B FIOTER, M
I e X s L 0 A LTI
ERESE RS A ML | R A
BN bR AR, AL SR DY, W,
SN LS A A HLICHLIE it AE T 3 i - 3 FR
Ho WA M RS R, 5 AR + K
Fegit ] 100% LB AR BEAR L, AP EgIE + KA it
40% £ HLIE +60% 0 AE T A ) T w5y A SJ8 e w g |
o S S R B R T M (R 3). HIRP ]
e, SRIRTEA: Kad AN B IS 2k ) 8 Rk

fit, TR RIS A B Rk . /IR, BBV IR
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PR ALREIR 5355, Mg RSk A H 3 +
eI B RAs D0 AR BT S A HUIE AR
Bt , AT DASR o - W, R R
W DT B eSSy | WS PEI R SEER
B, HERERERRG TS R . SR SRR
B, B AR IEMSE (P<0.05); HHETAEMAR
g 16 5 3R . R SGEAE R B B IR A
XK (P<0.05); TIEmbERERES S LIRS A . &
MMEAL B, PRSI IEASE (P<0.05) (K2),
IR PEAR A AT DL - S TR A AR R Sh S R,
P EHEIE SR, ARG E SRR, ZRLRIE +
JKFEHEFH 40% A HLIE +60% 1L IE AL FERE i 45 71 1 8
R € 187 e e & 2 A ol v S| s EC S (922

WL HOKFE R, HARINE + KR
FH 100% TR0 AR L, AR ER IR AL B3 55 T K
Fer=i, HAFIERAE + /K FEitE F 40% A3 HLIE +60%
PERE B A F 4w KR = (1B 1), At 43 #r K
Fer=am . BHEFRAY . BRETEMISCHE R, K a
ALk, 2%, WA . NH+NOy & et
R . o A ARG . el ol R O 1 AR
XK (P<0.05), JoH5 S A& w ik
G A A A S A S T A (& 2,
3) I, AFhERNE + AKFeFit H 40% A ALAE +60%
TRRE KRG = e, T RE SR PR = T 1 e
ifg B b SR AL SN PR, TR HE T 3SR 1 B
b, e TKREEEA L,

AR AR HUAE i T H A s o AR, xR
YA KSR — R, ARAFST LSRR, SR
o A e ] 5 S P AR TGS (I 1) Y
HJFEH, nREEF I E S E AR, ZEm. B,
B, R B WO R R AR R 4 0
W B RELY, A H TR R L B
it A 2 TR HE AR ) B A I SR A P e
JR, MTRES ™ A R G, SRR R T K
R =it eI S B A RS L Ty, B A
M. ZMEERMMETTE Y, AT R
ZERAE T TR KR e

4 #5ig

L TR + KRG 40% A HLIE +60% 16 AR
ACPER - MERE TG T . IR MoK e e T AR
INAZ + IK G 100% FEAE FIAFh 2R AE + K F§ 100% 16
R 5 e ] 28 b PR A ) R v A S . R

i LRI BRI TR s SR URILAL BE S A
TP R . e EAS R X R
BEEPE. I, 7R EREmE R, R
Fifr 4 JE + 7K A5 it T 409% A HLIE +60% 1k AE A F) T
STt HIEAE Sy FOoR AR =, H L] 2 AE RISk D
MERCRAE TR 2E . MR )™ e O e B AR Tl
2 EMAE TR SRR, AP — R EE
WFFE A RGN + A HLIC AL E it T 1 3 A 9 69

S
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Effects of combined application of winter green manure and organic-chemical fertilizer on nutrients, enzyme ac—
tivities in reclaimed soil of rural homestead and rice yield

JU Jing', ZHANG Huan', GU Qiang', WANG Wan-lu', MAO Wei’>, YANG Hong-jian’, ZHAO Hai-tao'"
(1. Key Laboratory of Arable Land Quality Monitoring and Evaluation, Ministry of Agriculture and Rural Affairs, Yangzhou
University, Yangzhou Jiangsu 225127; 2. Yangzhou Station of Farmland Quality Protection, Yangzhou Jiangsu 225101 ;
3. Agricultural Technology Extension Station of Jiangsu Province, Nanjing Jiangsu 210036 )

Abstract: In order to explore the effects of combined application of winter green manure and organic-chemical fertilizer on
nutrients, enzyme activities in reclaimed soil of rural homestead and rice yield, five treatments were designed, namely:
winter wheat + 100% chemical fertilizer in rice season ( control 1, CK1), winter green manure + 100% chemical fertilizer
in rice season (control 2, CK2 ), winter green manure + 40% chicken manure combined with 60% chemical fertilizer in
rice season ( T1 ) ;winter green manure + 40% earthworm manure combined with 60% chemical fertilizer in rice season (T2 );

winter green manure + 40% rapeseed fertilizer combined with 60% chemical fertilizer in rice season ( T3 ) . The results
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showed that: (1) Compared with CK1, all winter green manure + 40% organic fertilizer combined with 60% chemical
fertilizer treatments improved rice yield by 15.9% ~ 37.4% for 2019 and 17.2% ~ 29.6% for 2020. The yield increasement of
T2 and T3 treatments was higher than that of T1. (2 ) Compared with CK1, all winter green manure + 40% organic fertilizer
combined with 60% chemical fertilizer chemical fertilizer treatments improved the contents of soil total carbon, total nitrogen,
available nitrogen, ammonium nitrogen + nitrate nitrogen ( NH,*+NO;™ ), available phosphorus and available potassium by
44% ~ 132%, 18.9% ~ 24.5%, 232% ~ 37.6%, 38.8% ~ 83.2%, 25.7% ~ 59.8%, 1.5% ~ 9.8%, respectively.
T3 was more conducive to improving soil total carbon, total nitrogen, available nitrogen, NH," + NO; contents. T2 was more
conducive to improving soil available phosphorus and available potassium contents. (3 ) Compared with CK1, winter green
manure + 40% organic fertilizer combined with 60% chemical fertilizer improved or significantly improved soil invertase,
catalase, alkaline phosphatase activities as well as maintained or increased soil urease activity. T3 was more conducive to
improving soil invertase activity. T2 was more conducive to improving soil urease and alkaline phosphatese activities. (4 )
Rice yield was significantly positively correlated with the contents of soil total carbon, total nitrogen, available nitrogen,
NH,+NO;", available phosphorus, activities of soil invertase, catalase, alkaline phosphatese ( P<0.05), especially with
the contents of total nitrogen, available nitrogen, activities of invertase, catalase. Therefore, in reclamation soil of rural
homestead, winter green manure + 40% organic fertilizer combined with 60% chemical fertilizer could rapidly improve soil
fertility so as to improve the rice yield. Among the three organic fertilizers, the effects of earthworm manure and rapeseed
cake fertilizer on soil nutrients and enzyme activities were better than those of chicken manure.

Key words: winter green manure ; organic fertilizer; reclaimed soil of rural homestead; soil nutrients; soil enzyme activities;

rice yield




