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BUENERBEE L EREY,
Eg i E R 2R
AW, EHF,E S, N

(TERZARBE, TE I 750021)

W OB AT R ANLE X R A YR B A A LA R E & R e, R R B DN KT,
PASa BRI ER T AR B, FRLREAVENLE 0~20,20~40 cm F71 40~60 em F + 3% A LR L B 5E %
Faf ey Fom, DA H A LR 8 1t BB (CK) % B B & (BR) . F £ A LB (SMOF) 4 & HLE (CMOF) B £ 4
HLAE(PMOF) 4 2 +73 A HLIE(CMOF+BR)S ML EH#HAT A H K, SR XN . FRAAIEHKARE S CK #itk, +
HA N A 6.79% ~44.97% , + B A& ok 5 dm 19.78% ~91.53% , A 4 B4 A 2.22 £ ~3.93 15 5 8% % By
Hm 57.78% ~512.55% , 7t B Mt A B 3 A 53.45% ~240.48% , 3 7= 15.12% ~46.89% , T + 24 A 4 £ A A A T
HUAWALLE LR A A B K 8.49% ~33.29% ; L3 T H £ Wk & &8 25 5 im 5.30% ~42.46%F1 6.12%
~49.65% ; N B R B 3 K 8.01% ~ 184.63% , i AL S B 3 i 5.14% ~ 84.27% , IR B & & 25.58% ~410.70% , 7% 1k B
T 6.00% ~107.65% ; 15k 4 41 % #5338 % 5.99% ~56.56% . i JF 4F 2 A HLAE AL o 5 € A LR 75 7.08% ~ 27.60% .,
RAETEREEAANETHEERGLIEAN A NG E, A WO R E MR e AR EHGH
kAT REFEHPUFERERNEE,

FER AN TR P AN RIEE A R

FEHEKE S141 MHERFRERRD A

Effects of organic manure on soil microbial community,
enzyme activity and yield of wine grape

GUO Pengfei, GE Xinwei, WANG Rui, SUN Quan
(Agriculture College of Ningxia University , Yinchuan, Ningxia 750021, China)

Abstract; In order to better understand the impacts of different organic fertilizers on soil organic matter, en-
zyme activity, microorganisms, and wine grape production, a field experiment was conducted and 5 a raw Cabernet
Sauvignon wine grapes were used as test materials to study the effects of different organic fertilizers on soil organic
matter, enzyme activity, and microorganisms in soil layers of 0~20, 20~40 c¢m, and 40 ~60 c¢m. The treatments
included none-organic fertilizer as the control (CK), biogas residue (BR), sheep manure (SMOF) , cow manure
(CMOF) , pig manure (PMOF), and cow manure + biogas residue organic fertilizer (CMOF+BR ). The results
showed that compared with CK after application of different organic fertilizers, soil organic matter content increased
by 6.79% ~44.97% , soil microbial carbon increased by 19.78% ~91.53% , microbial nitrogen increased by 2.22 ~
3.93 times, and alkaline phosphatase increased by 57.78% ~512.55% , catalase increased by 53.45% ~240.48%,
the grape yield increased by 15.12% ~46.89%. Compared with other organic fertilizers treatments, the organic mat-
ter content of cow manure applied in different soil layers increased by 8.49% ~33.29% ; the content of microbial
carbon and nitrogen in the soil increased by 5.30% ~42.46% and 6.12% ~49.65% , respectively; alkaline phospha-
tase increased by 8.01% to 184.63%, catalase increased by 5.14% to 84.27%, urease increased by 25.58% to
410.70% , invertase increased by 6.00% to 107.65% , and the total number of microorganisms increased by 5.99%
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to 56.56%. Compared with other organic fertilizers in this experiment, the application of organic manure from cow

dung increased the yield by 7.08% ~27.60%. 1t showed that the application of organic fertilizer in Ningxia area ef-

fectively increased the content of soil organic matter, increased the number of microorganisms, enhanced soil en-

zyme activity, promoted the growth and development of wine grapes, and increased yield. Among them, cow

manure had the most significant effect.

Keywords: organic fertilizer; soil microorganism; enzyme activity; organic matter; wine grape; production

TR A A M R EERER L IR, X
XA TFIb 46 38943 R4 105°46" , Ab T {H 5 %5 Ff
R B 4 oy OB ) s B A5 1 o T BB 22 L AR
FREFA A A 7 AR R B E T A, E Y b A AR
Brv, Sl sk i K R i AR IR, 200 T AL
e Ayt T s B A 5 R AR T B T AL
ORIV B AR 7 N A, - 9 AR 45 4 8 B 3R
B ARG BEAIR T A W ) BB R 1
WSk LA AL B R g ) T AR Rl AR < K
HAR I it A LIS Z S AT ER, A
BUIEE S HLT R FR 43 RAL AT LB RV
PEFESr 38 0] LA a8 - B W G v (R
Ak BHUIE & Z R A 65 R Y, Befg s 11
SERTIRE, A A A AR AR BRI IR A A D
(2GR EZ 2

HAET, CTRE  ERAGIUIE 4 2A VU
A MIEEARFF A PUIELE G W SR
)N L BASE Z R EY B &G kR £
IAE , BN, J8 i Ab BES AL R AR LA A 3 b omT Bs
I 40 TR RO BB 43 138 0 102.539% F1291.89%
-4 Py A R 1) 0 B R0 A R T BRI R TR
() AR, SRR I | b M Bl R G Rl A A Ak
U B T R 43.11% ,41.28% , 35.29% Fil
6.13%'% , HLE 2 a it TR DL A 5 A0 I i
YIRERZHE N T K =, 1 FH 45 000 kg + hm ™ AR
TR R KT SRR A ML e Ak 2R R R
T AEAH LY, 2 4 a1 AR AR B A S G AR W i e DR
ARG A E M ZREPE | it 2R 2% 3%10% kg -
hm ™ FFASHE LR 7= 64.19% " ;43 HLIE AE
N 20~40 cm F140~60 em +EHAHLTS &,
RE 0 P 45 )2 T IR I | Wl 1 il | TR I 0
PO RS AD PR A PR A CK 7 28.91% 5 K 36
AL PR A PR CK 1977 18.13% 1 B3l Jp 4
HF 55 WA HLAE X & JIAR B+ 84k 17 . 5 3 RN 40
PR BB ) R s e A 3 A LIRS i
LR B S 19.38% ~86.15% , BERKAEAE 5%
A HUIE 540 AC Bt 55 5 B AC AH HE, Bk 55 d
F4) AR PR o 20 T B 8 0 3113 %, Tkt 2% T 5 13

21.15% e Wy A3 N 29.77% , ¥ i fE WF 5T
it FH RS 2 MLIE , -4 S5 v JEEAE e R o 2 e 1
TV S B IS AR A R A, XS A ML AR T
g AR Al U G 1 T 2 A ML DU A fz 5 1 4
il Tl 2 Tt R R Tt % 2 o o it I el g 2 4 2 B
SedNE TR 3 25 LB HoXS 24 HLAE X
SR G 1) IO RAR S ORI Y -
TRZE AT AT R [ A AL %ot 2 5 4 S HLR
T OBEHEE RPN R O A TR TR

HTPAILIEFMEE L kT2, ARG HLE
T FEMEAFAE W B 22 5211 AR SR L 5 FhH BLA HL
N8 WSS TR HLAE X 4 A AL | BTG vk e
DL TP AR 25 7 R IS ) R O T R XA HILAE
T RS 48 25 b AR b BN R A B IS AR S R
HE,

1 ARSIk

1.1 iREigt

G XA T 7 & G A 6 KR T LSRR
I8 PEOE AR A A A JE 1l (105°45'E,38°43'N) 1%
AR 8.7°C T2, BB ZE K, AR T4
A ORIOVE W 2B PR i 288 mm, T 50
W OEIR TR AFZE R IR 2 050 mm, 350 M H
AEFPRE A A, 10 b D RS - A S S S
RIGHTZ)Z T4 (0~20 em) pH 18 8.15 A WL 9.62
g ke 2H0.56 g - kg BRHA 17.82 mg - kg™,
R 7.53 mg + kg™ HALH 158.31 mg - kg
Ei$(20~40 cm) pH {8 8.10 . A HLJ%E 8.79 g -
ke \2H 0.55 ¢ - kg (BMAA 20.03 mg - kg A
R 7.33 mg - kg™ HAET 170.51 mg - kg5 TR
+ 1 (40~60 cm) pH {H 8.15 A HLK 8.46 g - kg™,
2R 0.54 g - kg BEAFA 16.31 mg - kg A RUBE
7.19 mg - kg™ A 174.17 mg « kg™ ;50 km NG
Tl TG LU R T A AR A

Al Rl oA 5 a AR EER IR pg db AT
W], 74 75 m, A7 3.5 m, #k#E°H 0.6 m,5 H LAISE
—HEAJEIE 9 A A AT RAH , 10 A S HL 4
AEXT— 35 Joo HUH A TR A 28 SR
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I T 2017 4 5 A IF4R 241 IR K 2 4
N 4250 m* - hm? H AR 1000 mP - hm 7, B
ZF1 500 m® - h7*, 46 500 m® -+ hm ™, K] 750
m® « hm™ , & @3 500 m’ « hm™ S+ 1 000 m’ -
hm™ ) 5% 6 AN/NK, BEAS/NX A H A A 10
PR,/ 60 m* A/ NX ER 3K,
H 70 kg, HEE 6 NP, AAFE 1 AN AL b B
(CK); 4bF 2. 7B (BR) ; 4L F 3, LA HLIE
(SMOF) ; 43 4. A FEAHLL (CMOF) s Zb 3 5. 5% 3%
A HLUIE(PMOF) ; &bFE 6. 425 +7A 5 A HLIE (CMOF +
BR) ; FEHLHES . JICNEFERMERTSE — it A | Jiti T 5 R
12 000 kg « hm™ BEAEFHIAFIBL, AVUIELE
2R T 2 T — U i A, T YA it A, R AR 42
cm, Y556 38 cm, TR 58 cm, KA HLAEE &) 5 A 40 ~
60 em + )2 FIA AR R FEZ 5 M TE 40~50 em
TR T2 B A LIS 4 bt 76 AR R A R AR AL, 7 7
oy RAEHNR, AHUEIRS SRR 1,

*®1 TEENEREHEE

Table 1 Table of different organic fertilizers nutrient contents

KOy % FOLT % 2R/ % W/ % 28/ %
Organic Total Total Total
content matter

JIERE S 24

L Moisture
Fertilizer type

nitrogen phosphorus potassium

R
Biogas residue
FHAHUL
Sheep manure 26.42 19.82 0.82 0.52 2.72

organic fertilizer

HFEEHLIL
Cow manure 37.20 32.00 1.60 1.50 2.30

organic fertilizer

WAAHUIC
Pig manure 15.96 19.06 1.86 3.66 1.86

organic fertilizer
Wit 5
AHLIL
Biogas residue+  40.48 17.23 1.17 2.08 1.67

65.00 15.40 0.48 0.49 1.48

COW manure

organic fertilizer

1.2 mMBMNESAZX

1.2.1 E2#HRE REYIRET(2018-09-25) K H
“S” REEERAE IRA LRI AR XA, F U4
Hrp 1 4y, 4t 0.25 mm i, 3895 0.25 mm AT
AHUTHGARIE . BUR bR L RE  [F B2 BUR &
JE 0~20.20~40 ¢m F140~60 em +HE, 432 T4
RATEE AR PR 3R 5 58501 50 J5 BURE KL
T, T LIRS MR e D 2 M AR A S P Y
A 0.25 mm G, DU B R A AR 1 mm
i, LA P43 A G e BRSO R 0
YRRHSHT IS % BRI 2 mm 05, BT 4°C VK

FENIRAE
122 AhRen e EHRWH-mRAkE" .
FEPER AT (180°C #E 5 5 min) | FH— & B 1Y
o T TR P — B R v VAR AR Ak S A PILJTR (e ), )
% ) B TR R PR AL T S K 3 A, AT VI ) B A TR
B R AT AR A AL Y B AR A AL T
FRAPLE S &,
1.2.3 #HAHHE fenz  HIEMAEYAEY R
B RS R R T A R R
I Y R = (R A PR - R TR 7R
A LK) /0.45
A, 0.45 ol B ZE SR IO BEBUR I A7 DL 5 4
SR I ST O A W e R P P e 4 R
TIEREY R R = (R R IEMAE YR A - R
7R TIRRUEY A x0.53
A ,0.53 MhEH R R,
1.2.4 #AMFB TN E  BESRAE S I HRAR
W, EBR 0~5 em BUFER T, 2R 5~20 ecm HIEH)
T, TR AT DU B 1 kg HE 2 0T B R AR (0]
A 1072 107,107,107 107 1077 107 A ]
WBERE Y TR, A TE TR | H A e
1074~10° 107 ~ 107 F1 107 ~ 107 ¥ B AU 2 0k, R
FRRRETAR T 458 3 NIRERAE 2 IR, #
Pl BE %, ELOR A0 TR AR PR A TR R 9% 2~3 d .3~
4 dH5~7d, FEFREEHIGMELEERIFTEL
1.2.5 E3EEEEM M E R IR M LUIR
RO, A 2 ) 5 R B - R SRR AN AE
Az A LR BE I R A AT . DN BRI FH 1) pHL 2%
WA RAE R i (pH 5.0~5.4) M B RREh 5%
M (pH 7.0) \ = FRH L2 6 H e g2 o (pH 7.0 ~
8.5) FIBMERZE vhilk (pH 9~ 10) , T 192 Filg il =2 s FH
SR MR AR 4N W il G A AR AR 8 SRS S
3,5- LKA R BN T A R i 3 -2 -5 -
HHIKAZ IR , 260 TR B 5 340 TR £ A G, BRI i vl
D 1 340 SO 5 ok e I I i Ve M, R aeh
o A S D AR R 3 (A R A )
Fad S AR FH AT A AR Rl AR A A O
FEaE M 2 A Ak U0 o0 A B, DA AR R Ak
ABGTETE
1.2.6 REBEAZZTMNE YRR 40 H
BEALLEI 100 RS H LT RF- CREEE 0.01 ) #F
FIFRE I IC AU ; B A PR ML Pk 1 20 73 %8
e R RN A AR G 5 431> Ah B A 42 7 SR 47
YR (kg) o
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1.3 HETESSIT

P Excel 2010 # B 314548 , % H SPSS 22.0 4k
PEHEAT ST 43 BT, X AH SC M 46 AR E AT B 35 A 56
BEMKFH(P<0.05, n=6) I X AH RS bR
Z It MR AT, R = AT AT LR AN

2 HERE M

2.1 AREEHIRANEXT + AR 200
AL S i R ) B AR,
B LS #5038+ A HLB S bl A R IR
IR T T Rk S, it AT HLIE A Ab 21 AH 452
T CK #AFE B EEZESS , 0~20 em L2 HHEPH
ML A CMOF>PMOF >SMOF >BR >CMOF +BR >CK ,
CMOF Ab ¥ 3647 LT & & dpe g, HAEH 13.80 ¢ -
kg™, 4+ CK BR .SMOF .PMOF ,CMOF+BR 1%
44.08% 22.66% 12.02% 8.49% 24.11% ;20 ~40 cm
+ 2R AEHFE A CMOF>PMOF>SMOF >BR>CMOF +
BR>CK, CMOF 4t ¥ 4 A HL ot & & ok, HAH by
12.74 g - kg™', 53 7% CK . BR ,SMOF ,PMOF , CMOF
+BR 4 £ 44.97% ,33.01% . 21. 56% . 9. 63% .
33.29% ;40~60 cm T ZEH AL CMOF>PMOF >
SMOF>BR>CMOF +BR>CK, BR .SMOF 2 [a] RN fFE7E
i EPEZE R CMOF Ab# - 5EA LR & ok, HYE
H11.54 g - kg™, 43 3% CK,BR, CMOF , PMOF
CMOF+BR 1/l 37.71% .28.95% .14.27% 13.70% .
29.38%, WK A WL IEREA S TH R oA
BUBT & i, % - A AL & 4R A ROCR A ok

I,

)

—
w
1

(=}
T

w
T

i % Organic matter content/(g * kg

b

AL

0~20

+ 2 & FE Soil depth/cm
BCK HBBR SMOF HBHCMOF mPMOF HCMOF+BR
AR /NG FREFR AL B 22 57 1 3 (P<0.05)
Note: Different small letters indicate significant differences a-
mong treatments ( P<0.05).
E1 FAEFAHELENTEFIREENZ N

Fig.1 Effect of different organic fertilizers on soil organic matter

2.2 AEBEVBEAIERT R A MnERH B2 0E

A A Y R R R BUNTF 5x10°
pm? A i 2 A A LIS R i A BRI 2 4
HoA A Wi e LT B A G A, R 2
S it P A DL AE i 8 14 hn - 338 v AR ik B i, A
XF CK A EEER, 0~20 em 12 3R
Y& & 2 9 CMOF >SMOF > BR > CMOF +BR >
PMOF>CK, CMOF 4b 38T i 4= P & 2 Joe ey, HAR
47168.54 mg - kg™, 73 4 CK . BR,PMOF ,CMOF +
BR #4111 70.64% 22.52% 42.46% .23.61% ;20 ~ 40
em 12, T EERUE Yk & & FK BN CMOF +BR >
CMOF>BR>SMOF>PMOF>CK , CMOF+BR Ab ¥ T i
A= Wi & i A B v, HAE A 177.87 mg - ke, 47
W% CK ., BR,SMOF , PMOF 4 i1 91.53% .5.30%
10.27% 17.61% ;40~60 cm + )2 + M ER S B FE
% SMOF > CMOF +BR > CMOF > BR > PMOF > CK,
SMOF Ab38 T A= e & o AH X e 8, JLAH N 169.32
mg + kg™, /3% CK BR . SMOF ,CMOF #4/11176.95% .
11.58% .7.31% 17.29% .,

I A (MBN) J& H A LS A i
TEERAI L 7 , S 1 3 P A ML - ToHLAS R b i G
WA 2 —0 ) fR 3 2 W, AN it AR Ak BE ( CK Ak
)P, & 22 B MAEYES =2 BEA B E
255t MXTT CK ALBE it FH A HLIE AT 5 2 48 5 1
HEYRR SR, 0~20 cm 2 AR S ERH
3 CMOF>SMOF>PMOF>CMOF+BR>BR>CK , CMOF
T HAE A S B , HAHH 46.08 mg * kgfl .
3 31# CK  BR . PMOF , CMOF +BR 34 /ill 348.69% .
40.02% \7.64% .25.35% ;20 ~40 ecm + 2, M/ EY A
SREI A SMOF>CMOF >CMOF+BR>PMOF >BR>
CK,SMOF 4b3E T {4 Wy A/ & i f e, oA R 33.09
mg - kg™, ZF % CK BR 411 387.88% Fil 49.65% ;
40~60 cm T2, AV A & 7RI K SMOF>CMOF
>CMOF+BR>>PMOF1>PMOF>CK, SMOF 4b Bl {3 4=
YR S, HUE oM 55.31 mg - kg™, 43 9#%¢ CK
BR . PMOF , CMOF + BR 34 i 421.79% . 30. 17% .
6.12% 7.59% , LG KE A NUEHEY A & &
B
THAEYIR (QMB) J& 48 T AE Y =ik 5 1
A HLEE S (MBC/SOC) (LA, i3 2 T,
A PR [A] A A MR (B AE 1.79% ~ 3. 18% i lFI Y,
MAS[E] 4 J2 5 B At AE A 3 ( CK) A= W (B #5e />, 0
~20 ecm 1219 CK 2L FEEH 1.79%,20 ~40 cm +
JZHY CK ZbFR(E N 1.82% ,20~40 em +JZ Y CK &b
HE N 1.95% , 45 L2 ANIEIEALHE (CK) fEAHZEA
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Table 2 Effect of different organic fertilizers

on soil microbial carbon

AR AR L "
Soil microbial  Soil microbial eI

Soil microbial

+)Z/em KbPR

Soil layer Treatment carbon nitrogen
o . entropy/ %
/(mg - kg™) /(mg-kg™)
CK 98.77+0.34d  10.22+0.08d  1.79+0.08c
BR 137.56+1.20b  32.91+1.83¢  2.11+0.31b
0-20 SMOF 165.34+3.23 a  42.81x1.51a  2.31£0.19a
CMOF 168.54+324a  46.08£1.09a  2.50+0.20a
PMOF 11831+10.53¢  37.84+0.50b  1.83+0.05¢
CMOF+BR  136.36x1.12b  36.76+1.10b  1.85+0.10c
CK 92.87+2.14e  10.15£0.11c  1.82+0.14d
BR 168.91+3.30bc  33.09+1.78b  2.78+0.28b
SMOF 161.32+4.44c  49.52+1.69a  2.39+0.36¢
20~40 CMOF 174.11£2.65ab  48.65+3.19a  2.71+0.02b
PMOF 151.24+1.24d  44.28+1.63a  2.72+0.06b
CMOF+BR  177.87+1.73a  47.93+0.70a  3.18+0.38a
CK 95.68+343d  11.21+0.34d  1.95:0.39b
BR 151.74+1.31bec  42.49+1.17¢c  2.33+0.38ab
SMOF 169.32+3.61la  55.31+1.08a  2.61+0.36a
40~60 CMOF 157.78+3.03b  52.12+1.36ab  1.97+0.36b
PMOF 144.35+3.11c ~ 41.84+£0.80c  2.48+0.50a
CMOF+BR  168.79+1.83a  51.41+1.27b  2.47+0.48a

1 RS R NG SRR IR AL Bl 22 57 1 3 (P<0.05) . T,
Note: Different small letters in the same column indicate significant

difference among treatments ( P<0.05). The same below.

Ko 0~20 em HJZPHRA YR CMOF Ab# ik, H
{8} 2.50% , 43 5% CK .BR ,PMOF ,.CMOF+BR i1
39.66% .18.48% .36.61% .35.14% ;20 ~40 cm 12
IR B CMOF+BR AbFR i Kk, HAE K 3.18% , ¢
% CK ., BR ., SMOF , CMOF . PMOF 41 74.73% .
14.39% 33.05% .17.34% .16.91% ;40 ~ 60 cm 1 )2
A DI SMOF bR, HAB N 2.61% , o3 55
CK .CMOF ##/i11 33.85% ,32.49% .,

2.3 AEBEHIELIERT T R4 YRS R R

T SRS PR 4 T AL e Ak Y g

Z 57T L e & RS o, AIEEY .
SRR W 5 AR ) K S A DA I R A
B TCHUAL G W 25 AU 3 it S 1 25 A Ak 2 0k
e i 3 I, Rl L JZ BN, CK Ab AR
PEBERR BTG R 2 PR, 0~20 em L2 ik
MR WS MR I CMOF>PMOF>SMOF>BR>CMOF +
BR>CK, b3 W] £7 75 &b 25 Pk 25 7, & A 3 AL CK (X
HE) Ab BRI T 67.04% ~ 131.76% , CMOF Ab 35 1
WL BTG Mk, B oA 10.34 mg - ¢! - h™', 435
# CK .BR .SMOF .PMOF ,CMOF+BR %  131.76% .
17.86% 12.85% .8.01% .38.75% ;20 ~40 cm 1 )2
PR W 1 T 7% ¥ 4 PMOF > CMOF + BR > SMOF >

CMOF>BR>CK , PMOF 4 P i P4 i R il 7% 4 e K
5 CK .BR SMOF 715 i % 25 57, HAAH M 11.32 mg -
g« h7', 43 Wl & CK. BR, SMOF, CMOF 3 &
214.25% 99.24% .19.03% .44.49% ;40 ~ 60 cm 1 J2
eh e i 2 it 1 S PMOF > CMOF + BR > CMOF >
SMOF>BR >CK , PMOF Ab P i 14 8 192 il 715 1k e ok,
HAEHN 16.11 mg - g™+ h™", 43 5% CK BR ,SMOF
CMOF .CMOF+BR 145 511.78% . 184.63% ,106.54%
38.01% 37.57%,

i EACE AR T B RS i i il
8 SR oy it AL A, A R o A Ak SR A A AR Y B
EFEM, 3 o HE 2RI, CK 4
PR A S 2 N RS 0~20 em L)ZE 0t
FALEBHEYEF PN CMOF+BR>BR>SMOF>CMOF
>PMOF>CK, b 3 [ #R A7 7E b 2 25 7=, i A HLIE
BE CK (4} B8 Ab BRI I 78.529% ~ 157.50% , CMOF +
BR Ab 35 4 Ak S 4 e, JL{E R 0.163 ml - g7
- 20min~", 43 #4% CK ,BR ,SMOF , CMOF . PMOF 4
1 157.50% .5.84% .10.88% .18.37% .44.25% ;20 ~
40 em 12 T EEP A LA R CMOF>BR = SMOF
>CMOF+BR >PMOF >CK, BR . SMOF 2 [8] A fE7E &
FVEZE R PMOF ,CMOF +BR 22 [8] 1 1778 i 35 P
25 5%, CMOF A4k 3 5 & b &0 Wl 1 M e K, A A
0.164 ml - g*' - 20min”", 43 %] % CK,BR,SMOF
PMOF .CMOF +BR 4 /i1 182.76% .10.81% .10.59% .
84.27% 79.63% ;40 ~ 60 cm + )2 it S8 Ak S 2 R
A& SMOF > CMOF > PMOF > CMOF + BR > BR > CK,
PMOF ,CMOF+BR Z [l RN FFF 8 & 2% 5%, SMOF &b
Pt S b SR TG M e K, O 0.143 ml - g7 -
20min~", 73 5% CK,BR,CMOF ,PMOF , CMOF +BR
Hatin 238.77% 27.95% 5.14% 17.17% 20.42%

JOK Bt 8 AR A AL 53— v 8 B R P S ke
T AR A RS R B Re T, UL 3T
MLASRMMR RE ™, B3 3 A15,0~20 em +2
JR BT 1 26 P18 PMOF>CMOF +BR >SMOF >CMOF >
BR>CK,CK . BR JC it # P 22 5%, PMOF &b B I fiff G
e R, H{E 7 9.55 mg - g7 - h™", 43 Jl# CK . BR,
SMOF .CMOF .CMOF +BR % 508.28% .410.70% .
107.16% .186.50% .51.51% ;20 ~40 em + )2 T4 rh
JIRTGTE 1 26 90 CMOF +BR >PMOF >SMOF > CMOF >
BR>CK,SMOF .PMOF 2 [A] Nf77E g #2257 CMOF
+BR Ab PRSP, AN 10.79 mg - ¢7' « b7,
41 CK .BR . SMOF ,CMOF ,PMOF 1 =5 887.22% .
315.13% 61.17% .112.60% .53.39% ;40~60 cm + /2
JIRBEE PEZR A CMOF+BR>PMOF>BR>SMOF>CMOF
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Table 3 Effect of different organic fertilizers on soil microbial enzyme activities

- N— U p— : RER
J,J: JRTREE AL Alkaﬁ;id:lzt ﬁ(pf:pﬁﬁltase Liiﬁim Uﬂiﬁi}e ::?Zﬁi
Soil layer/cm Treatment o - o - -1 - -1 -1
/(mg-g +h) /(ml+ g™ «20min™") /(mg-g' +h™) /(mg-g' +h)
CK 4.460+0.080f 0.063+0.001f 1.570+0.050 e 0.330+0.003¢
BR 8.770+0.100d 0.154+0.001b 1.870+0.070e 0.500+0.006b
0~20 SMOF 9.160+0.060c 0.147+0.001¢ 4.610+0.100c 0.530+0.006a
CMOF 10.340+0.140a 0.138+0.001d 3.330+0.130d 0.337+£0.003¢
PMOF 9.570+0.100b 0.113+£0.001e 9.550+0.260a 0.333+0.006¢
CMOF+BR 7.450+0.080e 0.163+0.002a 6.300+0.250h 0.337+0.012¢
CK 3.600+0.030e 0.058+0.001d 1.090+0.090e 0.427+0.009¢
BR 5.680+0.090d 0.148+0.001b 2.600+0.260d 0.653+0.003¢
SMOF 9.510+0.040b 0.148+0.002b 6.700+0.240b 0.683+0.009b
20~40 CMOF 7.840+0.150¢ 0.164+0.001a 5.080+0.100c 0.997+0.009a
PMOF 11.320+0.100a 0.089+0.001¢ 7.040+0.080b 0.480+0.006d
CMOF+BR 11.150+0.080a 0.091+0.001¢ 10.790+0.290a 0.660+0.010bc
CK 2.630+0.060e 0.042+0.001e 1.010+0.090f 0.260+0.019¢
BR 5.660+0.070d 0.112+0.001d 9.130+0.150c 0.900+0.006b
40~60 SMOF 7.800+0.190¢ 0.143+0.001a 8.420+0.150d 0.680+0.007d
CMOF 11.670+0.180b 0.136+0.001b 6.690+0.050e 1.020+£0.019a
PMOF 16.110+0.120a 0.122+0.001¢ 10.260+0.150b 0.810+0.006¢
CMOF+BR 11.710+0.080b 0.119+£0.001¢ 12.880+0.160a 0.780+0.015¢

>CK,CMOF+BR Ab 2T IR B 14 5 K, HAE 4712.88
mg - g™ - h™', ZFEE CK BR SMOF .CMOF ,PMOF 14
& 1175.25% 41.12% 53.03% 92.62% 25.58%

FEMERG AT LAAR 3 FEWE 5 b o3 i o SRR o 1
WAE Y AR s i AR i, i 3R 3 WIS, CK Ab3E Rl
B ZURBE NG, RO M 2 LI T
e 0~20 em L2 HHOEERERGE 4RI SMOF>BR
>CMOF+BR>CMOF >PMOF>CK , CK ,CMOF . PMOF ,
CMOF+BR Z [ ANFF7E .35 22 55, SMOF L3R Ak
MG L f R, HoAE M 0.530 mg - g7' - b7, ARSI
CK .BR ., CMOF , PMOF , CMOF + BR Hm 60.61%
6.00% .57.41% 59.16% .57.41% ;20 ~ 40 cm T2
REWEBETE 2 ¥ &y CMOF>SMOF >BR >CMOF +BR >
PMOF>CK, CMOF 4 3 7 4 il 1% 1k 55 K, HAE Ry
0.997 mg - g”' « h™", 43 5% CK.BR SMOF ,PMOF
CMOF + BR ## fil 133.58% . 52. 56% . 45. 87% .
107.65% 51.02% ;40 ~ 60 cm + JZ o RE A 75 P 5%
% CMOF > BR > BR > CMOF + BR > SMOF > CK,
PMOF .CMOF+BR Z A% A E%ﬁ%%’ CMOF Ab¥g
N REREBEE K, FEN 1.02 mg - g7 - b
% CK .BR ,SMOF ,PMOF ,CMOF +BR /il 298.64% .
13.70% 51.22% 26.33% 30.64% .
2.4 AEIBEHIELIERT B E Y E RN

M 4 A1, Bl 2R IR, CK A H 40
R FBEHA . 0~20 em T2 HIEDHAE LS N
CMOF>BR>PMOF>SMOF>CMOF+BR>CK , CMOF 4t
PRANE B e %, H{H M 15.79x10° CFU - ¢ 7', 53 5

i CK, SMOF , PMOF . CMOF + BR # £ 23.10% .
16.22% .13.95% .19.14% ;20 ~ 40 cm )2 40 1 £
 BR>CMOF +BR> CMOF >PMOF >SMOF >CK , BR
SEPE A PSR %, JLE O 20.42%10° CFU - g7,
43 31# CK . SMOF . PMOF 14 25 128.04% . 14.53% .
12.90% ;40 ~ 60 cm + )2 40 & 4 #& & CMOF >BR >
CMOF+BR>SMOF>PMOF>CK, BR ,CMOF+BR 2 [i]
ToREES MR £ 1 CMOF Ab3 | HAS
4721.44%10° CFU - ¢™', 4 5% CK . BR ., SMOF
PMOF .CMOF+BR 14 % 205.85% ,13.30% .35.78% .
59.56% .17.50%

XA 42 CK A H kAT e d, B S + )2
TREEBYINTR, T AU 52 T ka3, b 3R 4 i
BERKTIRZ L, 0~20 em +)2 HEH I H
H# A BR>CMOF >SMOF > CMOF +BR >PMOF >CK,
SMOF ,CMOF+BR Z [B)ANfA7E 8 25 5%, BR b # T
W R i &, HAB M 25.76x 10" CFU - ¢ 434l
i CK., SMOF, CMOF, PMOF, CMOF + BR % £
100.86% .12.49% .5.09% . 18.53% . 12.97% ; 20 ~ 40
em TR F R S BR>CMOF>PMOF> SMOF
>CMOF+BR>CK, BR 4h B i 4 i B e 22, HoAH b
18.12x10* CFU - ¢™', /3 Jill % CK,SMOF, CMOF
PMOF ,CMOF +BR £ 27.18% . 17.71% .3.68%
16.50% 24.27% ; 40 ~ 60 cm + JZ Fp il £k B 5 i
CMOF>BR>CMOF+BR>SMOF>PMOF>CK , CMOF AL
R R W %, L 15.15%10° CFU - g7,
4% W% CK. BR, SMOF . PMOF . CMOF + BR 4 £
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53.79% .6.91% 25.48% 25.75% .7.04% .

HIAS 5 b g HLs A 43 ff | 8 58 T 0 B
B A SRR B T % DA B b i AR, B
AR LN R D (AR Y JAR K, A bk
FHomEERERD, k4 pEE LR
JE, CK AP E R A 2 TS, 0~20 em )2
+ 4% rh B E ¥Ry BR>SMOF >CMOF +BR >CMOF >
CK>PMOF ,BR Zb ¥ B e %, HL{H R 9.23%10°
CFU - g7, /3 51% CK .SMOF ,CMOF ,PMOF ,CMOF +
BR % 9.27% 1.21% .5.73% .7.36% .3.59% ;20 ~
40 cm 12 EFE R A SMOF >BR>CMOF>PMOF
>CMOF+BR>CK, SMOF 4b¥ A H # & i &, HAH
4 10.31x10° CFU - g™', 435 %¢ CK,BR, CMOF ,
PMOF .CMOF +BR 4l 36.84% .25.62% .26.23% .
27.27% 31.94% ;40 ~60 em + )2 35 rh E SR N
SMOF > CMOF > CMOF + BR > BR > PMOF > CK, BR ,
PMOF ,CMOF+BR Z M NFEAE ik 2 25 5, SMOF Ab 3
HEARERZ, HH M 9.02x10°CFU - g™, 5 4%
CK .BR., CMOF , PMOF . CMOF + BR 4 il 53.46% .
31.41% 14.80% 32.31% .25.85%

WIS REARE 42 CK AL BRSEAT AL, Bl 5 15
TREEINR A=) A 2 R R %, 0~20 em )3
HisAE ) S8 CMOF>BR >PMOF >SMOF >CMOF +
BR>CK,CMOF AbFR{AEY) S8R 2, HAAH M 18.33%
10° CFU - ¢™', 40 314 CK ,SMOF ,PMOF . CMOF +BR
H42 23.94% 14.78% 13.78% 17.35% ;20 ~40 cm +

2R A W S %0 BR>CMOF >CMOF +BR >SMOF >
PMOF>CK,BR 23 T UEY) S8R 2, HAAH 2231
x10° CFU - ¢, /5% CK ,SMOF .PMOF ,CMOF +BR
AN 113.49% 14.59% 13.13% .5.99% ;40 ~ 60 cm +
JZ R A Wy S8 CMOF >BR >CMOF +BR >SMOF >
PMOF>CK, CMOF T E Y e 8dn % , A 23.03%10°
CFU - g™, 43 %1% CK .BR,SMOF ,PMOF ,CMOF +BR
BN 185.73% .12.84% 34.76% .56.56% 16.67% .
2.5 AEBEVIEAERRELHSHIE
ENEEEEIN G LIDOWER A R TR Y - 8 SO p ]
— BRI, fEE 5 Al CMOF /by & &, HoAH
4 121.91 g, 43 5%¢ CK . BR,SMOF ,PMOF  CMOF +
BR 1 & 24.81% .16.48% .8.40% .8.44% .5.73%;
CMOF Hif2 % K, A 13.21 mm, 43 5% CK.BR,
SMOF . PMOF . CMOF + BR 3¢ fill 14.33% . 9.22% .
8.02% .6.36% . 5.43% ; CMOF R H it K, }17.26
cm, 43 9% CK . BR ,SMOF . PMOF ,CMOF +BR 14 il
37.80% .5.28% 4.54% 4.38% 1.11%,
2.6 AEBEVIELE 2R
NGNS ER P A AN FE I EEE, R 6 Al
DI A DU AT DASE i B i A i - e, A A2
[EFEAE 2 R s AR MY CMOF ,CMOF
+BR .,PMOF .SMOF BR .CK, H:rf CMOF j= i, HYiE
9 10415.09 kg + hm™, 4331 CK,BR,SMOF ,PMOF ,
CMOF + BR 14 7= 46.89% . 27.60% . 21. 81% . 7. 08% .
10.86% ., TN WAL 5 FITE 15.129% ~46.89%

x4 AREEVELEN T EMEYWBENZM

Table 4  Effect of different organic fertilizers on soil microbial quantity

At B2 B Bk R

iE;]ﬁ?fE_/cm AL Eaﬁﬁj iﬁf}iﬁ%i F i}i? I\jlirofﬁl tftil
Soil layer Treatment /(105CFU - g7) /(10*CFU - g7) /(10°CFU - g7) /(105CFU - g7)
CK 12.820.18¢ 11.820.24¢ 8.450.05d 14.79£0.20¢

BR 15.02:£0.45a 25.76+0.23a 9.230.17a 17.69+0.44a

02 SMOF 13.59+0.20he 22.90+0.25¢ 9.12+0.08ah 15.97+0.22h
CMOF 15.79+0.52a 24.51£0.21b 8.73+0.12¢d 18.33+0.51a

PMOF 13.860.14h 21.7320.43d 8.60+0.07cd 16.1120.13h

CMOF+BR 13.250.16he 22.80+0.19¢ 8.91+0.08bc 15.62+0.17he

CK 8.95:0.21¢ 14.25:0.19d 7.54+0.12d 10.45£0.21d

BR 20.42+0.68a 18.12+0.09a 8.21+0.14b 22.3120.69a

20-i0 SMOF 17.830.40b 15.4020.15¢ 10.3120.12a 19.47+0.42¢
CMOF 19.40+0.08a 17.48+0. 14D 8.17+0.12h 21.23£0.09ab

PMOF 18.08+0.12h 15.56+0.17¢ 8.10+0.09bc 19.72+0.10¢

CMOF+BR 19.5120.20a 14.58+0.28d 7.82+0.04cd 21.05+0.19h

CK 7.0120.10e 9.85:0.21d 5.88+0.38d 8.0620.12¢

BR 18.92+0.39h 14.17£0.18b 6.87+0.17¢ 20.410.41b

4060 SMOF 15.79+0.52¢ 12.08:+0.44c 9.02+0.13a 17.09+0.48¢
CMOF 21.44+0.60a 15.15£0.17a 7.86+0.05h 23.0320.60a

PMOF 13.440.37d 12.0520.28¢ 6.82+0.17¢ 14.71£0.35d

CMOF+BR 18.25+0.05h 14.16+0.17b 7.170.10¢ 19.74+0.04h
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2.7 tHXMESH
A 3 it FH A HLRE X b T i B 45 40 TR T 4 2 1Y)
AL =5 AH S A8, 25 5% B it F A L
B R A AL S e 3 E OB E R AR R
(ES NS W TR P NER O NN EP W (PN

P 250754 0.909 .0.819 .0.668 .0.909
%5 FEAVELENRIHIHEM

Table 5 Effect of different organic fertilizers

on fruit morphology

o538 &
3 1 i
3.1 BHEXTEBYRZN

AHLBAE 3 rp i 5 5 b E A ] DR
IR T K B AR, Li 260 B T R A 0 &
A HLIERE BH B 3 & L IE A VL & &, Zhang
SR I DL RE o P R E 4R A LU
Fri, KK AR A 5T 3 B K it A LR + 4
AP HFLEI ISCR T AR oY K it ]

xo6 AEEVELEXNF=EHHME
b¥ i kit H1 /e . . . .
- AL .ﬁ*ii{g *MTI i %if K/em Table 6 Effect of different organic fertilizers on yield
Treatment Single weight Particle size Ear length
Qb 774/ (kg - hm™2) W77/ %
CK 97.68+1.17d 11.55+0.44¢ 12.53+0.09¢ Treatment Produce Increase production
BR 104.66+0.48¢  12.09+0.01b 16.4x0.04b CK 7090.17+155.8d 0.00
SMOF 112.46£0.32b  12.23:0.02b  16.51+0.16b BR 8162.24+54.08¢ 15.12
CMOF 121.91x0.77 13.21+0.28 17.26+0.08 SMOK 890.32+70.26¢ 2059
+ + : +
ChESa erEneen -ebETea CMOF 10415.09+615.31a 46.89
PMOF 112.42+2.63b 12.42+0.05b 16.54+0.07b PMOF 0394.42+41.61b 37.18
CMOF+BR 115.3+0.77b 12.53+0.05b 17.07+0.03a CMOF+BR 9726.25+102.18b 32.50
=7 HXESH
Table 7 Correlation analysis
y R Rf REK L IR DEB DR ALY - T,
ter L K g AR K R wmm TV e e o e
. 100-grain ~ Grain Ear Organic Soil Soil . S . .
Correlation N R Produce . Alkaline . Urease Sucrase  Bacterial Actinomycete
weight size length matter  carbon  nitrogen Catalase
phosphatase
.
e 0.934* *
Grain size
Far length 0.850 0.784
TEE 07 087"t 0815
Produce
ﬁ*}Uﬂf 0909 0.819"* 0.668" 0.909* *
Organic matter
ig%ﬁb% 0.113 0.104 0.408 0.347 0.010
Soil carbon
JEA
.j: ;%31 0.079 0.019 0432 0.228 -0.034 0871
Soil nitrogen
TR PR
Alkaline  -0.116  -0.160 0227  -0.073 -0285 0633* 0857"°
phosphatase
I
AR o s 003 0045 0157 0613° 06170 0287
Catalse
0.247 0.044 0.443 0.198 0.183 0376 0.648 0.711 0.050
Urease
B 0.306 0.308 0.268 0.555 0452 0.625° 0475 0.112 0385  0.147
Sucrase
i) x . .
. 0.211 0.101 0.268 0.453 0.230  0.829 0.699 0.496 0400 0.398 0.680
Bacterial
TR
. -0.323 -0212 -0.097 -0.371 -0.571 0232 0.336 0.339 0.681* -0.05 -0.237 -0.094
Actinomycete
FPE .
Fungus -0.500 -0435 -0276 -0.322 -0.363  0.191 0.357 0.285 0.577* 0.037 -0.017 0.049 0.380

T = FRAE 0.05 KCE T BB, =« FIRTE 0.01 KF PR EAR,

Note: * indicates significant correlation at the 0.05 level; * * indicates a very significant correlation at the 0.01 level.
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A HLAE AR X A it AE = A HLT % 4 & 5.16% ~
45.65% . T FFEAE W oY K IR R 6l L it fin 4
FE R AR , ALY BT 50% , XA EA
HURE it AR AT % L, 2 Bt FH 4= 2% )5 3 rh g
BT & i s, A T AN NE 3 45.65% , 51T A
R R —3, A HR A A2 AU & A S
o T NERL, SR H g b — &R 4 fE B AE T
e A LA P e AR E L
3.2 BB T ERAE MR R R0
TEMAEYREES S T LIEEY A
AR I H R S AR A RUE S A A PR AR
ISR A R AT BT, e, FE YR SRRk
HEEIEN, TEMEYREE RIS
HIE BRI ALY, S 3P A HL- TTHLAS R AL ¢
BRI Z 0 BRI AR B 5T 3R I K 0 it
AHUAE ] B S IR Y A Y R A S
Guo % F 72 e Wit FH /A HILAE mT LA B w00 fokc A ik
Aove, AR 50 AR s R —8, i 2R
A LR A B RO, il A 35 2R TR
AR AE R R, S EAE WU T 5T E
it FH A 26 HUIE 32 0~ 20 em T2 HE AR A&
R ,20~40 em )2 428 SR A DR A Pk
SR, R 40~60 em )2 FH 2 E 240 Wi
520~ 40 em B2 A PURRUED)

S U

kRS, TR A2 A HUIE Y
BT A KT E R AT R4 R A K
A A2 P R R R S P B A
AR TR, RIS MU R S i, 2R 2R TR
Tt AN il A 38 % R4y ik 5] 48.56% | iAW
fe A HH AP R A 1ok, Mg H1Eis#
FIRZ R BWMAEYR ARG, TIEMAEY
TR - R A LA (5 SR Y E B TR B
SE R A RE S B - AR KR 22 R, SRR AR
eI, it A LR AT LA B 4 v - A Y 1
8, AR HE 7T 2 WA HLES IE AT 32 7 + ik 9
T, B8 W8 R 1.03% ~ 52.75% , 5 1if AW 5% 45 51—
, XTI A VR MGE T R, 4k
TSGR T el M o b T HLAR A 42 A
JE )
3.3 BB TEREDHE NI

TR A YR R AN B R 2R
R R, SEL A IR 4 i Bt - )23 T B 108 S [ A2 Ak
Jit A HUIEA 25 FRUE S A A KA s, i 450
W9 R A PLUIL e o 2 ekt Ik B de bR . AL

VDT IR R RIS R, S 3 a A ML
BT IS [R) 72 3 4 i il W g, A LA A
A AT R i A P S 35 14 i - 9 LA U E W B B
FEFFRIA-ZEAb B R f ok i 2 Y B AR A
FE R INA HLIE e BH 5 b 5 1= 7K A AR B AR AR PR £
SRR AR AN TR B AR oY 3R I it
FHA BUIE AR AN i A 240 T 5 1 0 3.38% ~205.85% ,
T2 TR 1 12.34% ~ 100. 86% , EL 84 0 1.78% ~
53.46% , X 5 HT A BIBFISE R —2L,
3.4 BHIEX L IEEE N

- S 4 AT LA SR G 5 5 ) B AR L LA
KA Ty, AR AE 78 5K R it B A7 L
JICS P e A e R I | O R R Tl | 2T 4R 2K A
i A S P R R ) 2R kT
SR ST R it PG T LA R i 3 IR
Al A SN, B R AR K, RS
SRR g gt R I it F A LIRS ARG n - e
Oy Ori AR T LRI RO A R i
FHRASZE AT LA R o 3 P DR | 45 5 1 48T T
K-, ARIS IR AE SRR it A AL Y 4 ik
ity TERE R BRI | A A S MY S AN
NEAD PR (R b 2 2 5, L P il 1 g A X T
ANJita R 48 i 53.41% ~ 214.25% , i+ 48 Ak & B 4 0
53.45% ~155.69% , IKBEHE /N 19.11% ~ 1175.25% , FEHE
it 0.91% ~298.64% , 5 T AWFITLE REEA—FL
35 MABHERLERAERETTERKY

AMUEE A KA LT, AP R
FEY IR A P RE A R 2% oh 1
P TR TEEE | 385 - e BH B 7 e i 48 = R IR
NEPERE ; EHEA P & & & A AT R4 IS5
TE R, ) e 7K Rt PARL 285 44 g 184 fin, DT ok 8 £
SRR BB B AU PR PEFTRCIR AL, X e - 4
BT 7K BB S HRBA RAFRERT . B
AR S BEAS S T b A i RSB A, S
7 AR R 3E i A R AR & AR SR
B R SAEIR R EML, 5HE L ERRAF
FEARDCHE  A3Mr IR D, 4 358 ) A s i -
il 7% 4 ] 8 i L RS AR 7 R LR SR S
A [ HIVE R SR A 7 Tt — s k3L,

4 4w

APEICREA R o T3 ML i s &
S E YRR NG R IF R R S A AR R T
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