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Effects of anaerobic and aerobic fermentation of organic materials on continuous

cropping soil environment and Malus hupehensis seedling biomass
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Abstract: In this study, pig manure+straw, chicken manure+straw, sheep manure+straw and three above manures+straw
were fermented under aerobic and anaerobic conditions, respectively. The end product of fermentation was applied to
containers filled with continuous cropping soil of apple field. The effects of fermented product on apple seedling growth in
containers, microbiology, activity of urease, invertase and phosphatases as well as phenolic acid in continuous cropping soil
contents was investigated. The results showed that the anaerobic fermented product ( fermented fluid) was applied into
replant soil significantly enhanced the dry and fresh biomass production of the seedlings compared to the aerobic fermented
product ( solid compost) . Pig manure’s fermented fluid increased plant fresh and dry weight by 1.57 and 1.26 times as
compared to the control plant in July respectively, and 1.55 and 1.86 times in September, respectively. Soil microorganism

population quantities was increased by both forms of organic matter, the fermented liquid has a stronger effect than the solid
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compost in bacterial and actinomycetal density, sheep manure’s fermented fluid was the best, and it increased about 2.95
and 2.37 times in above two kinds of microbiology, respectively. Moreover, both fermented products significantly influenced
contents of phenolic acids, and the pig’s fermented fluid, chicken’s fermented fluid and pig’s solid compost decreased the

total contents of phenolic acids by 0.45, 0.39 and 0.36 times compared to the control in September.

Key Words: fermentation fluid; compost; replant; Malus hupehensis; microorganism; phenolic acid
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% 0.51 g/kg 2] 32.52 g/kg AT HLITT 495.33 g/kg) . PIRE A HLYPRL G i HC B LB 3% 26 R FF = 4: 108 3%
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x1 EEFSHEMK
Table 1 Nutrition contents of manure
UG A TERO A B e
JE AL 0 . MJ\tt / Ammonium Nitrate Available Available H (H
Raw Material rga(nl(;k ;l o Nitrogen / Nitrogen/ Phosphorus/ Kalium/ P
8/Kg
(mg/kg) (mg/kg) (mg/kg) (mg/ke)
%7 Pig Manure 521.43 942.51 124.64 1090.56 34293.33 8.07
2% Chicken Manure 568.42 1055.78 119.23 512.22 35653.33 8.31
2% Sheep Manure 832.50 637.34 147.72 893.89 12020 8.80
F2 HRMERERAETRSEN
Table 2 Nutrition contents of Compost and Fermentative liquid
N S MR -,
- IR B s il G,
C Organic Matter/  Ammonium Nitrogen/  Nitrate Nitrogen/ Available Kalium/ pH
Project Phosphorus/
(g/kg) (mg/ke) (mg/kg) (mg/kg)
(mg/kg)
PMC 440.86 425.6 123.07 42.79 42173.33 9.47
PMF 400.65 587.51 109.07 59.05 81896.30 7.41
CMC 443.10 158.06 103.71 44.75 37493.33 10.36
CMF 176.29 1111.72 124.51 41.72 41119.47 7.77
SMC 358.06 82.35 531.07 17.42 47320 8.43
SMF 288.47 223.27 115.85 22.87 27851.85 7.32
MMC 539.33 307.39 218.22 39.94 25606.67 9.14
MMF 368.60 617.23 101.29 48.51 62933.33 7.51

PMC: ¥ 2EHEE Pig Manure Compost; PMF: J 2§71 Pig Manure Fluid; CMC: & 2% 4k I8 Pig Manure Fluid; CMF: 3% 2% 3 {4 Chicken Manure Fluid;
SMC: - ZEHEAE Sheep Manure Compost; SMF: 2£363i /A& Sheep Manure Fluid; MMC: R4 H#EE Mix Manure Compost; MMF: J& & /& Mix Manure Fluid

IRBEE D FRERS ¢ BAFT 50 mL =), i 1 mL B, 4i27% 34947, 15 min 5110 mL 10% JR 2 %
WA 20 mL PH 6.7 #745IR ER 22 v W, #521 J5 78 37 CHEIRAR ISR 24 ho FiFRG5 U uE, B 1 mL 38 INA
50 mL ZE &), BN 4 mL R AR 3 mL R GAPRENIAI, FEINBERE 5] . 1245 20 min, EZS. 1 h NTES)>
JEEEETTS 578 nm JEKAR . (BEBIIEGTE | h NORFFRRE) o WRWEE P LA Sl BT Ae i WG (R0 25 X0 R

FrnOGEZ 22 R E SR B EASE & E. K24 h 5 1 g BIPh RS & 23R IREEE M

R EBEIR AR I PR S g EAEE T 200 mL = A, N 2.5 mL R, B2 15 min J5, iTA 20 mL
0. SPDWEIRRA 4N, #2451 IAH IR AR , 37 C T 4555 24 he SRIFTERE SR A 100 mL 0.3% G 2 5 i WO
JEo M3 mL YT 50 mL 285, BRI 5 mL 22 whf R 4 T S0 IR AR e R 6 S A R
2 Z15,30 min J5 LA . HIBIERZE v s, 20K 6, T4 0BT | 660 nm A L fh . AnifithZizsifil: B
1,3,5,7,9,11,13 mL My TARROF (U 2 (B OFE ST, th a2 IR th 4. B IR BT 1E L & oa 1 58 1% 19

FEREBEE PED . FR S g K1, BT 50 mL B9 =M, A 10 mL 1% 3ER VW, B0 10 mL pH5.6 #
FRER G2 v AN 5 R . FRATICAVTEIRAS 76 37 °C N H55% 24 he $E5RE5 R BT U8 . BB 1
mL, A 50 mL ZH T, 0 2 mL 3, S ff KA BRI, 100k B9 /K T 58 thomFE S min, Bl RIKE 25 520 A%
ZE R TR ERFTEOCET BT 508 nm 4b#AT Ho 4. TR AGMER AR a2 L) 24 h
Ja 1 g THErp AR R Y BT 5 ( mg) Fe7R RN A o
122 +EERAEYRIE

T W 0 SR PSR B B 3 s

A B 10 g it ik 0+ S EERA 90 mL JCTE K A HETE AN, B O IR H R R Z Y 10 min,
T BOTIR A A1E  #ik 20—30 s, BIh 107 R B, FHRS AR IR 1 mL 107 R BRI R 545 9 mL GBI
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YR R RE TRk AR R SR RS IR 2, R R 5 T IR R 4 IR W s ek s R = 6 1
Higidko
1.2.3 AP E

A5 WL 300 52 SR P T R 0 7 e~ A

HERRFRER 0.5 g H-4FE 5 F 500 mL 19 = A, InA 1 mol/L( 1/6K,Cr,0,) ¥ 10 mL, 55 g TR A1
51,88 ik H,80,20 mL %% 5 1 min, DLRIERH S -5 0 1E - CE 29 30 min, il 7K H B 2 250
mL, Il 3—4 5 ARHEZ IS 7577, 0.5 mol /L FeSO A 1 VR 22 28 30T 2% sV W €6, 1R 0728 U 2 €8, 1 28 A
i e 1k o R B 5 e igess il e ( BPAS I 4¢) o
1.2.4 T EEP MR ERIEY) BT Ay I

HERRARIEGE 12 BT 24 100 g A 5, N AGE 5 i Ak L, TRedh iR 2. #F 100 mL # B i &8
B AR YRR I IR S AR ke AZERCH Y S AT Y ASE SR ARG SRIBUA R 8 H BE RO K B8, 12
B S 120 °CL 322 Y, MR S min, §SSRELASE]24 5 min, IREAFR 60% , 4 90 s. ZEHUSE ML) , 34
CWIRIRAEIT T, A 1 mL B, 528 0.22 pm A HUAHIEE, ¢ HPLC J347 .

a3k 25 B35 Acclaim 120 Cy( 3 um, 150 mmx3 mm) ,#13 30 C. JshiMH: A H2NE, B AHK( &
294 pH H % 2.6) , Vi 0.5 mL/min; FERE T R FERERF: [ 3hHERE,S wL; A0 280 nm.
1.3 HdEstr

RIS K F Microsoft Excel 2003 #4718 MER , i1 SPSS 19.0 #4347 Duncan i & LG -

YR A Sk 3 B2 B, U A 10771107107 45— F 41

2 ZERESH

2.1 BRI AT X A 1 & T2 2l 1 A R

P 1 RJ R, A St P A R AR A A ) R AR A B S CK AR LA B PR 22 5 TR S
HEAHLE , SE 2SR PRI AL BRI AT B P25 57 o A5 7 A, 3Ry 25 T A AL Bl vy T MR AL b B8 LR 5 T CKo 7
9 Ay, KBy A URARAE B T HMEAC A CKSEAC AL S CK BTG B 5V 22 5o BEE I IR O 4ERS 7 B B S
LR TR S HTA SRR AT AL BRAR LL, K A M A RO TR B RIS A T R ACR B, L
T1 AT ESEIRCR 2, 2000 CK Y 157 /%51 1.55 4.

HITET 1 AT, S A 098t P 2 B AR R AE B0 40, it (A b e o 5 CKOAH L BA B M 2e 5o WAt 5 0
HEAH FUES JE FE R IR AL PRIE AT RV 2E 5% . 76 T AR A PR AL Bl s T HOMENE AL B ELAR 5 T CK. 7
9 Ay B AR AL B T A b B ELAR = T CKo B I 8] B RS , 45 Ak L ] ) ff o 2 e Mk A %
OrMTES SRR W] 5 HE AT AR BRAR L , A T A A B 06 - (2 2 0 i AR ST, LT i R AR
B3, 709008 CK i 1.26 17571 1.86 1 -

2.2 BEUARIEAC XS A A A A SR WA TR I  FREAR I ) 2

B2 AU L7 7 H A BR TS T6 A FRARAES 15 CK JC 0 3% Pk 22 4k R AL B E & T CK; JiiiA S5 0f
HEALBEAH LE , TAST3T7>T8 , 35 SN - HE A P b B 8] T0 22 518 XS FEATR A B WA RRE 25 40 B W) 22 SV B 3%
R FEHENC AL B e i,y CK 9 2.94 50 7 9 F A, Bk T6 ZRBEAN, HoAb b BRI 16 M 24755 T CK, iR S5 HEAE b
FHAH LUBR T3<T4 A, oAb e 1 e A Acd B - SR MR Pl % P4 g T LR NS Ak B, 2 6 A0 2 2 1) A R 2 25 4k B ) 2 5
PRI S8 FE AR AL B - SRR 1E e =i 20 CK B9 2.00 4% . S5 5RFRW]: B IR HERS | J 2R -2 R IR
PRk PR ) T AT L STAR PO P i T LR A AL P

W 3 ATLLUAE AR 7 A 4% A PR - SERRRR B 11 1 1 25 w5 T CK, 4% S5 T D A R FE Ak B 18] T\ 35 1
Z5te 9 A0 T1VT3 1 SRR IG5 CK A FLEAT g P 2e 5, AN e = A LA, TL>T2, T3>T4, HL
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Fig.1 Effect of Fermentative liquid and Compost on dry and fresh weight of Seedling of Malus hupehensis Rehd. under replant
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Fig.2 Effect of Fermentative liquid and Compost on urease activity of the soil under replant
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Fig.3  Effect of Fermentative liquid and Compost on phosphatase activity of the soil under replant
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Fig.4 Effect of Fermentative liquid and Compost on invertase activity of the soil under replant

200 TR RS v T AR L ) ST A B R B A I A Ak B A T RO e O CKOB 175 A% 7R 9 T, R T6 AN
T8 b PEAY e A S CK JC & V25 S A1, oAb b RS v 1 X IR, R e U A Ak 35 U HE A LA, WA
A B~ S 2R TR R v AL ) A AR L, S 28 A AL AR Ak T SR T R B O CK Y 2.95 1

W6 Fr7s 78 7 A A, 45 A PR A S SRR A i T B R TR R AL B O HE AR BRAH LU A, 3 2EFING
FERIR AL PR A S OB RO R T HO S AT A B T S S AR 45 A B A0 45 R IE A AR S, S S AR B A 0
FEBR R CK 19 2.23 45,20 17 9 A0y BRIBGALBEAD  J6 € XS FEM -2 3 M AR A0 31 1) L3 M B0
PP T A O A4 S A Ak B, YR 45 DA Ak B - 9 L IR RO e o CKORY 2011 £

W7 7R A8 T A A5 Ak BRBCER R 2 i T R A PR Ak PR HC AT A SRR P IR AL PR A L
SRR BRI YA o T AR I 0 S AR B YR 5 T It AR Ak 3R ST 2k B e e CKORY 173 e 729 A
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Fig.6 Effect of Fermentative liquid and Compost on fungi of the soil under replant
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Fig.8 Effect of Fermentative liquid and Compost on replant soil organic content

TR AR R AR B2 S PURERR Al B2 R VIR B3 10 Fh R i) & 8,7 A A0 9 A A HLAE B R A 26 4
o M, 0 U R 5 2 A R X 2 A T R Ak TR T R S IR, TR R EL 9 2300 Sy 43.66%  55.84% FlI
46.40% JSFSHEAL IR S AL BRI TR B & A FrTb o X7 AR 9 A A3 i 4 Fh i BR2E Y Bt A LB
KB R IPRRAE T5 T8 Al CK3 ASAb B b g P ot iy, HABAL BRERREAIG: T &R AE T1.T4.T7 F1 CK 4 ~4b
H b T A AL BRI FRAG: B REEAE T1.T5.T7 A1 CK 4 ASAb B T4, oAb b BRAA REAR: 7 G RRAE T3 TS Al
CK 3 AAb BT oy, FAd A BB ARG BB AE TS5 T7 Al CK 3 AL BEA Ty, oAt Ak B AR 2R R 7E TS
I CK AR B b T, Al A BRI AEG; AR BCHFAE T2 AbBE b B AEG, FLAt AR B p A7 BT T i PR AE T2 1 T3 Ak
B AR SRR, LA A BE AR 82 TG Al Bz B AR T22 TS T6T8 Al CK S N Ab B b8 f 1y )y, 7 A Ak 3 rp 24y
s AR B ZRAE T2 71 T4 P4 B b 2 B SRR, 7 HC A AR R rp 35 5 2 T e o A2 TR D AR S A L % 26 X8 3
P14 T A A L - S 2 5 S G S A Ak BT, 700 = AR 55 140 A 1 DA A R ) 4 MR I3 7 5 LU ME D 20
Fhy L P RT R, CK Ak B b B A7 B R 2K ) SO 25 A O P e, T A TR S0 S R S I ) Ak 2L i A T A L X 15 T 1R S )

riga s ENEE
3 itig

CAWTIERI, A AR NS T LS AVE 00 37 20 B el A2 BEVE IR A o e FHA HLA R R e i A
AR RN o ARSI AR & LA RN - RIS 4 A Ay b S B KOS % 2
PRAE BEACR B W 1

T A AU S R R AT M5 R ST ) A P EE AR, o A LR OR P L
BB TEBHER Y o MRS RIS VR TSP AR A LR & e T A AR I, 3
BB 3 Thm A BT R WIVE 22 SRS RS A AL & AP e — 5 B IE AR G OG & , i] R B HE 2t
ST AL 0 L B S AT R o IR A PR R R A K AR S = — , R KR 2
MR RO AR A A g 1 DRI AT RS A B B i R I SR I O 3R BEY)
BRI ERA E A o AR TP RIS P T, FUUS A T A R oA BT i 9 2 R A
SR PR BRIR IR S5 FR R R T A AR A, 3 0 7 e+ B E W A R MR R | T R A
RIS AN e A= RS8R 9 184 DR AT A 28 AR MR P 5 1P 30K 2 DAY S B0 A 1 200 L 4 R 2 e ] B I e IO , 3

http: //www.ecologica.cn



3671

U

=

s

PACRITHE o S 2R A SRR 35 R & B R 4 v A= W )

2

i

SKEMR A5 AP R

11 34

qeS6E”

79T 0F6EL°T
EILT0FF66°1 D"0F968 *S00°0FSy
9T 0FIT0°T c0°0+04] 00°0+90¥%°0
00+Z0r0 ° 0F¢ q16¢ i B0F 0FBEL Y 9 )'0H6550 STOOFL09'T PPEOOFISLF  PEODOFTETO
‘0FFEE0 29€00°0F8TI T H1L07 (1T R 0FLIES 2900°0H5 18 Gr10°0+9+0°C
OFILOT Y9L00°0+8F1°] 9981 HC'T POT9OFISO¥I 2 )'0HLLI0 E00°0+E9L°T
BLIOOF9TE T 980T (FHES OFBEL T 06 qIE0°0+8B0C 99ILO00O+6WF L )0+T9e” 00+
PREO00F6I0 T 9LTOQFISH ] 2700 0F Bt SN0 0FOLYFT
4E010°0+£0F [

SL00°0F0LL0  9880°QFTLO°LT EBROSIF000°ST S 0'0FTBL" 9

pre ofouayd| 105 juedas uo jsodmoe]) pue pmhi sagejmeILIa] Jo Joag

i Btk SRR TR Yy

/ /www.ecologica.cn

http



3672 CFOE 5%

- S R P e SR G B Bk Y o 3 LA b WL R R 1 T AR L T R
RIS AE7 I o XU AT R0, SRR IR I R (R b A HLR S e R R A, T LR
1F T AR R TR0 ARG Th BERR WSS TR 5 HE AR — 3. IR 2 5 T b A ML (A e i
22— AR /INAT LA FAE -+ 8 b g HUBR B 6 AL 00 > o BEBR T Y SRR S W), B LR & sk
AT DALy S B R R S OB MK AR IR S5 5 b N 7 H 5 9 A A Ab BT LT & i L e
RS P

TS T SRR AR BRI R R . © 25 R A U B 4 RIS B R AT R
SRt B RO G IR LA B 45 A AL A 2 o A LIE Bt A AR S B2 1 M8 1 3 A e 5 ) Bt Ay A
PN A AR T BRI FR B AR RE IR ™ o AR SZIR S AT LU LA PR IE 25 B0 A HLDRLIS | 1 A
S A R S AR R A A Ak, S 2 T R R R R, B I I A R 4 e B i ) 24
LB S, 0B /LA PO AR, A R T AR g P A T 4 4 T /L L P T L A 7
FGYEN O 5 B0 S TR TR AR 45 A R ) 25 SR T8 T S I 0 45 b B3 SR | 1 9 0000 2 0 8 TR 40 MO A0 T8 7 A, LT 507
[6] YR B2 AL T 5 S 2 R T TR A A B A A0 T /T LU AR AR 6 4.49.,9 ) N 26 o T U AR b R 1
B T / LA AR AR 5 2.61 0 M4 5 b i LA Hh 2 T 1A o 98 ol 2 0 0 5 M) L S R A S8 J5 R T o
AR A R B LT A B VA b B R AL T B A T Y R85 0 A ) A 1

AR AL A W3 S A B R A« AR 2R 20 5554 PR A\ 1398, T 147 32 5 I A 00 A 25 400 L 1 e, 3
Ao A R SR W S T T X A A AR A IR T R AR A R RS R R
- A BRI PR R W AR A P B 2 W B ARG I | T 2 R i TR R A B R
EERARA AV E YR 5 AR B — & B o Th A Y o B, R I e 1 47 PR A 8 B O6R 28 # I
FEAE PR R S T ( oS0 B2 1R BT IR 2 T R) WIB RR R, AR 5—9a Y L IR FR2E W) I &5 it 10 3%
B TR 1—3a i L3 MIA LIRS , AT RE M TR p s R MU E PR T B3 T R P i B E )
TR SE R RS0 T SRR AOAR R 200 AR T S VRS b A B R R i & 1 . IR
TS WL LA RO AT, X85 A I3 ) A I EAT SR O/ Y, v - SR R 2 5 1 4
T I T AR 8 v S5 SR 0 B A B T S5 TR M 0 A B B SR T SRR U RN RE R A AL BB
TR RIRR UEAS - S B 4 A AR R AL S v 2R AR IR B R ) R AR R 5 53 &b il T L S 2k
I [5) B T2 1) 43 ) PR B8 S AT ) A S5 T 1 0 A B — Tl 0 A0 PR AR T L3 T % — 28y I 5y Jo 0 5
WERMCEYIILRIE R A B o R 0 L SRR 58 BA R [ X 2 B9 AR, — S 40 B A FR 259 A
Hyte—VEREIR A BIEAT 1 B BH T AR I v R T VR A R A R A LA Ak B 0 AR 8 T s W
W50 T BT B A S 3 T o] LA H RS S RN 26 f) b B S AU T S 2R S A BN T 55, T RE 5 2 it
DA A A R . B R Y & A8 h i) DAFE Y, CK AL B b 4% B R 25 0 o & 5 1 7 85, T
At Arb T P A% B R 0 T e A A TR — , TT B S by T 4% Ak T ) - v (32 0 DX RS [ 36 ) 2 4
X B R 20 e P WA A AT o 1 — 2B B BIF 5

4 #Hit

K TR AN HE AT R A5G I 7 B R4 i i AR i S T RS P, i T SRR E R 4R
1 1A M B A LU AL, 8 SRR W v AR 1) BRI T TR . MOBSIAICROR TR A AR AR B L FE B
0 PR BRI LA 3 FAARSSCR B o X T eI R 75 B S, 45 Ak SRR A [ R BE MR AR T 1
SErh I T

£ 2% 31k ( References) :

(1] gkamod, fidss, FHEAK, RFER. FREAERLHPAEOR. hERE, 2003, (2): 22-22.
(2] iHehfe, V3. AR S LA k. KR, 1995, 14(4) : 321-329.

http: //www.ecologica.cn



11 4] SRIEMR A5 A HLYRL A R U (AR N XS S SR A SRR - B B 4 i A W A 52 ) 3673

[10]
[11]
[12]
[13]
[14]

[15]
[16]

[17]

[18]

(19]

[20]
[21]

[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

[32]

[33]
[34]

[35]
[36]

[37]

HIOE, skEFE2, R K, 25 AYULHEREE SN AR MALE]. Lol 224, 2002, 18(2) : 52-56.

HIOE, #)#, WHE, KE, HiER, RERE. AHUICXEETE AN LM E Y X RN, Lg% 4H, 2006, 22(4) :
96-98.

WA, FESEFE. RSB I AT R R T AR R R, P PR R4, 2000, 31(1) ¢ 124-126.

Brown M W, Tworkoski T. Pest management benefits of compost mulch in apple orchards. Agriculture, Ecosystems and Environment, 2004, 103
(3): 465-472.

ARG, PR, Tl THIBON H i A LA WA P BT S 0 S PR AR W43, 2011, 17(3) @ 384-387.

INEEES, BIHARN, BRZFAR, Bkl BT (R XA ALY RL A B AR B o 2 A5 Al R M SR AR W e S . R R SRR R
2012, 18(6) : 1469-1474.

FURE, B, Torm, SR, NG, BREUR. N RIVREEA LA R B A S VSR A L e R R SERRBE RS AP E SR S
BEEEHR, 2013, 19( 6) : 1450-1458.

KFABH. el B AT E k. JEat: ol ikt 1986: 274-340.

FEONAR , BERE. DR R SRR, W% RSB RA ], 2000.

- B R AT (=) - dbat A Egll B e, 2000: 34-105.

A, TR, BREE, WSO, SRR TEO I AR R AR AR RS . T B EERLAE, 2011, 32(5) @ 87-91.

Wienhold B J, Andrews S S, Karlen D L. Soil quality: a review of the science and experiences in the USA. Environmental Geochemistry and
Health, 2004, 26( 2) : 89-95.

R, BRHE, A EE. (R TOEEXT I A B . Al RERA 5L G 5T, 2002, 18(1) @ 20-22.

TR, BRiE, AT, R, MR, ZRET. AR HUIE R A HUICHLRCHE XS B oG % 8N R R M i s . 74, 2006, 43
(3): 521-523.

R, RER, WFZE, A, KV, EE, 2V, L% KPR T IREHTE 3 B8 A MOHZm 2. 1 A= 324z, 2003, 14
(12) : 2208-2212.

HIESC, PobAk, skESe, R R SR 5 BEORE 5 A B Xk o S A BIL BT R e S T Y R . A E IR S IR AR, 2007, 13
(4): 631-636.

XU, BSCAE, EHE, B, EE. K iE I BENE A HUIE XS 3 R L SRR R . b [ RO R, 2006, 39( 10)
2147-2153.

TREETG , AR, WIER, AW ARG HUICE XS LA Ypid A HUTUH 3 10 3h A 0. A 75 S IE k41, 2001, 7(4) = 374-378.
FEERT, MR, misdde, R, sk, XUBEK. LA PL & RS L3R EUE Y B R RGOS R AP LaadE i, 2009, 40(5) :
1036-1039.

g, s H , BIZIM, WOEHE, XU/NR. ASTRDHE AL 2% R X oK A= R 82 L e A W B e i 2 . b [l e A 4, 2006, 22( 1)
173-175.

Debosz K, Rasmussen P H, Pedersen A R. Temporal variations in microbial biomass C and cellulolytic enzyme activity in arable soils: effect of
organic matter input. Applied Soil Ecology, 1999, 13( 3) : 209-218.

XZE, BEEAEL, XVEE, KT, XN, BREDE. K 1R RS FEIE XA M R A i MR RFZS R R s ARSI 23R, 2012, 21
(8): 1418-1422.

HICE, B AL EVER SRR E BB TE. B AR S 4, 1999, 10(2) = 209-212.

BTG, sk, 3K, BT AEY B0 HLEE A KRR IR R RN, 2002, 35( 1) @ 106-109.

RIRE, BORLL, AR BRI O 3 A AR R R AR AP BB AR 52 . vh B Al By, 2002, 35(7) @ 821-825.

R, T ). RS SRR A ST 1. RER Y SRR BT RTIAE A4, 2000, 11(1) @ 152-156.

AR, SR 2E, WHAR, K, BT M SEA T RUE R R R S Wi Eh SR k. IR, 2001, 38(4) : 471-475.
MIVE A%, Mt 222, Y2l Boos L ORI Y AR IPLRI AT ST E . o [ AR Al 241, 2010, 18(5) = 1130-1137.

Dte, EFHVE, Bk, TR, Rk, 28REE LM RS SR SR X T3 iR Wy MBS M 52 . B AR 2541, 2005, 16( 11) :
2149-2153.

WAL, BRAH, B, T, BERBL, SR, farvEsat, MOCHE. AR IRIE KRR VR A SR IR e Y D e 2R R R . FEY
4%, 2011, 37(1): 105-111.

SR, T, XN SRR SRR RE ST I R Y B R YR RO N AR A, 2000, 20(5) ¢ 741-744.
Weidenhamer J D, Romeo J T. Allelochemicals of Polygonella myriophylla: chemistry and soil degradation. Journal of Chemical Ecology, 2004, 30
(5): 1067-1082.

I FEAE Rk Hb - S 13 S 400 B R gt 32 BELAY PR AM AL VAR SA B i, 1995, 12(4) = 434-439.

WHEME, TAEE, LR, TEF. i TAGENE L3 b i R AR SO LR IR IR R4l B, 2008, 43( 1)
14-19.

Inderjit. Soil microorganisms: an important determinant of allelopathic activity. Plant and Soil, 2005, 274( 1/2) : 227-236.

http: //www.ecologica.cn



