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TP R (P<0.05) . (2) TEIRATS /KRG LAL g 5% REAIEL E. foerida AL FRITR A £ 3EA HURK A S 0T A EL 8 3 2 1=
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KRR Ml s ATV L AR AR

Effects of Eisenia foetida and Amynthas morrisi on the chemical and biological

properties of soil amended with the paper mill sludge
CHEN Xufei', ZHANG Chi" ", DAI Jun',GUO Yanbiao',LIU Ting"

1 College of Natural Resources and Environment, South China Agricultural University/Key Laboratory of Arable Land Conservation ( South China) of Ministry
of Agriculture, Guangzhou 510642, China

EEWE : HE A RP IS HER LA (41201305) 5 J7ZRA ARPIEIES 11 5 350 3 (S2012040007806 ) 5 Ho [ 1 -1 5 )2 5L 43 ¥ 1
T (2012M511819) 5 R BUH 7724045650 H (2011A09020003 )

Y5 B #A:2013-06-09; f&iTHHB:2013-09-26

# W IHAEH Corresponding author. E-mail ; zhangchil21@ 163.com

http ://www.ecologica.cn



51 BRIETR 25 o1 2 JPE a1 00 B A G 15 61 X8 i 4R Y16 S8 8 A 2 R AR ) 2 R A ) 2 ) 1115

2 Guangdong Institute of Eco-environment and Soil Sciences, Guangzhou 510650, China

Abstract; Two earthworm species ( Eisenia foetida and Amynthas morrisi) were inoculated in dryland and paddy soil mixed
with 15% paper mill sludge for 30 days. Effects of earthworm on soil chemical and biological properties were evaluated,
which included pH and Eh value, contents of organic carbon and dissolved organic carbon, contents of total nitrogen,
phosphorus and potassium and their available contents, the ratio of C and N, contents of microbial biomass carbon, soil
respiration rate, metabolic quotient, microbial quotient, and activities of catalase, urease, invertase, acid and alkaline
phosphatase, B-glucosidase, N-acetyl-glucosaminidase and fluorescein diacetate ( FDA) hydrolysis. PCA results showed
that; effects of earthworms on the chemical and biological properties of soil mixed with paper mill sludge depend on soil
types and earthworm special species ( P<0.05). ANOVA results showed that: (1) in dry land treatments, compared with
the control, 0.22 and 13 units of soil pH and Eh values and 22.8% contents of organic carbon were reduced by E. foetida
significantly, respectively (P<0.05). In the meantime, E. foetida reduced contents of microbial biomass carbon, activities
of catalase, N-acetyl-glucosaminidase, urease and acid phosphatase by 43.8%, 12.4%, 48.4% , 44.0% and 40.7%,
respectively, but increased FDA hydrolysis by 57.4% as well (P<0.05). Compared with the control, 16.5% reduction of
available N contents and 12.4% , 33.9% and 45.5% reduction of activities of catalase, N-acetyl-glucosaminidase and urease
were shown by A. morrisi (P<0.05). In addition, compared to A. morrisi, reductions of 0.17 and 10 units, 24.9% and 2.26
ratio of soil pH and Eh values, organic carbon content and the ratio of carbon to nitrogen were observed significantly by E.
Joetida , respectively (P<0.05). Higher of soil metabolic quotient and FDA hydrolysis were shown in E. foetida than A.
morrisi treatments. (2) in paddy soil, compared with the control, 20.9% and 1.02 units increase of soil organic carbon and
C :N ratio were shown in E. foetida treatments significantly, but 6.11% and 33.8% decreases of total K contents and soil
respiration rate were observed as well (P<0.05). For A. morrisi treatments, 13.2% and 10.8% increases of soil available K
contents and catalase activities was observed significantly ( P<0.05), but 46.7% and 34.4% decreases of B-glucosidase
activities and FDA hydrolysis were observed as well. Moreover, in paddy soil treatments, 15.7% and 0.84 units increase of
organic carbon contents and C :N ratio were shown in E. foetida than A. morrisi treatments, but 11.4% , 36.5% and 5.51%
decrease of total K contents, respiration rate and catalase activities were observed as well (P <0.05). In summary,
earthworm had significant effects on the chemical and biological properties in soil amended with the paper mill sludge. In dry
land soil with higher contents of organic matter and lower contents of clay, earthworm accelerated organic matter
decomposition, released organic carbon, reduced microbial biomass and the related enzyme activities in organic matter
decomposition and nutrient transformation, but increased the potential overall microbial activity. In paddy soil with lower
contents of organic matter and higher contents of clay, earthworm contributed to soil organic carbon storage, but had less
effect on soil nutrient contents and microbial characteristics. To compare with A. morrisi, E. foetida had stronger abilities on
accelerating soil organic matter decomposition, releasing organic carbon and enhancing microbial activities in dry land soil,
but increasing organic carbon storage in paddy soil. A. morrisi had stronger ability on potassium cycling than E. foetida in
paddy soil. The paper mill sludge was rich in organic matter and poor in nutrient contents in our study. According to
proportion, other organic matters rich in nutrient contents should be chose and used together with sludge in the further
agricultural application. It is recommended that more studies should be performed in plot and field experiment according to

soil types and earthworm species as well.

Key Words: earthworm; the paper mill sludge; soil; chemical and biological properties
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BLUIRF 2 WE US| ( Eisenia foetida ) 5T X 4%, 18 1o
T MG A 3, ER A A TS e T e S H A
AHUEYIR G YT B A PUIE R RE . T i
ACT5 R RE A 2 1 R PR 2RI O BRAIG R
PR BEVE R A P 3% 435 5 i i s Sy - 18
PR TR, X A R ZE A A B | 38 SRS K
P AT S0 TR AL UL S R R 45 A
FIREVE AR (LA AT AR R 5 R b 2
e W51 R i 4G 8 LR T T R R — s 1Y AT AT
PE (S H AR BF0H —F S B3] A 48 3%
SR Z e M5 %R A 5 Ve I E A

AHIFSE I HUAE B i DX 40 B2 hb 4 R KRS £ 9
SR A 15% 1 4075 U6 | 78 B I 8] A 42 ook 2% i
W3] ( Eisenia foetida ) F1 & F 3L 5 1] ( Amynthas morrisi)
T TR E NS SR, G A S AT
J5 AR A i AW SR b AR o)
Py & it | SRR I AR G W A 4R
T e At | B - 7 W I N - & T2 5 2
R DR TR AN R Bl LA K DO R — LRI
it 175 P A AR A, RSN () b 051 60 AN ) TR 5 3 T e
TSR RN A ) 2 R AR B S ) Oy i — 2D i AU

PRI MR 2S5
1 #R57EE

11 AR

MR i 151 A 7 72 B 85| ( Eisenia foetida ) F17E ]
TCH 1 ( Amynthas morrisi) , B W B M 25
JE# R AT N TR X A 38, A i W51 7 S 5 ==
FsE R IR — A, Pk e E 2300129 0.3 F10.5 g/ 7%,
FA R 1 A e o 1 2 PR 1 R B R i Wl Ay
w5,

ARG PRI T N 1 4R A BR A R o B
15, AR AR 1 09 (52 4 A FKAS ) SR AT HAR
XA RO R FH AR Yy 15 AT e TE A SR A
FJa, 4 W EE i 0. 15mm A1 2 mm B &5 FH, i3
0. 15mm fii ()75 e F1 L S ARE ity 32 2] T o0 By L4 Ak
AEAC IR b SR P 4> i A B AN 46 R A R b
i 2mm i 475 P A L3 —ER 2 R 2 A RE i pHL
Eh BRI SERE i S A B MR, 55 —F8 43 0 ]
T R

J3Ab EACTS UG 5 KRS i B B At
ARENFE 1 PR, Hrb GRS R BV RS R
I35 45.1 152 .29.7 F1 2.83mg/ kg, 1% T FE 5 4 ]
150875 Y45 AR (GB 4284—84 ) Hh i 42 & (1 B
il 1 1000200 ,1000 F1 20 mg/kg( pH>6.5 13) |

F1 #HRERTRMN T ENERIBL MR

Table 1 Basic physicochemical properties of the paper mill sludge and the parent soil

N i , . ..
T S o R A
pH Clay gu Total N Total P Total K Available P Available K
matter
/% /(g/kg) /(g/kg) /(g/kg) /(mg/kg) /(mg/kg)
/(¢/kg)
HEALI5 P8 Paper mill sludge 7.39 - 261 1.35 1.68 5.09 2.62 168
B+ Dry land 7.87 24.0 21.1 1.79 1.53 9.33 12.6 81.0
JKAG L Paddy soil 7.10 38.7 10.4 0.887 2.06 6.85 31.9 65.0

1.2 W5k

FRIE TG 25 SR | 15% 15 Je s i A - e 45 0 B
Ml AR, AR IR0 i S 6 SAb . (1) TR
B 15%75 VR 2 1 X IR (775 4 DL) 5 (2) 1R
15%75 e i 7 b 435+ BRI H 15 (5 i DL+A) ;
(3)IRE 15% 15V i F b 1 5+ 8 1 2 38| (21 5 A
DL+E) ; (4)IRE 15%15 Je f 7K fg X B (75 o0
PS) ; (5)IRA 15%15 e B /KRG 1+ B F) i 5 15 ( fif
-} PS+A) ;(6)IRA 15% 15T /KRS 13+ 5 %

JEES(T6 50 PS+E) . B MERE S IRE A

FRECIE 2 mm 577 (4 38 4% 75 8 ( 150g) A1 A 4
(850g) ¥ —H RS, 26T 2 L skl &b (4
520 em, JIK H AR 10 em), IR G 1K 2
60% MR RIS KR, FE 24 h Ji, AR A 4 A i 2
KRR 6 ¢ Biels], B 3 d SR FHFRE LI LI
KAy, A IR R ] 30 d, KR 4h
W FHR A V5V BT KT 5 2 mm F &,
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1.3 B i e ik

13 pH A1 Eh R0 H pH/Eh THEA7EE (K
- H2.5:01) s AP 4 R RO B A 57 4 DA
4 A e R R AL H B TR R
SR R 10 T 5 SR K, SO, 18 2, F 4% TR 0 0 Ak 12
et

I A W e R S0 B 2R R B R 4R
U 10g REATE Z 60% H ] H K 3T FaE 24 h
J5FE 28°C MARE A R B3R 7 d, FH IR RS A
28°C MME ELos £ F P EEZE 24 h, 5 R IEZE A X HRRE
fn [R1 A 0.5mol/ L K, SO, 4% SRR 1:4 &
F IR 1242 30 min(200 r/min) ,5100 g /7 F &L 10
min J5 38, = BRI A ALK R FH % R B A
BIE . HIEBEY) S8 (Be) 1 HA XI5 Be
= Ec/0.38 Hr1, Ec S 78RR FZE A 5 1 1R 42 VR
HG LR A 22 (1 A i o A W R
AU E S LR E, I 52 2R F NaOH
Wi, 0 A s o 2% 1F TR B0 W i R b i B o
CO, M= 15 g BESH (T E) W 2 609% M ]
JKEEIFFESE 24 h J5 76 28°C BG40 F | L 3L EEH
g 5 ] NaOH WSO 7™ A= 1Y CO,,7E 7 d
Ji Fid i 1 mol/L BaCl, UTIE B W IR FH %) cO ,
FRUERR T E R AT (1 NaOH LITHEE CO, = A, R
R kg LA B (8] PN B A BILARR 5 St 1 P i 5 A1
AP (¢CO, ) DL R A Wy o ok B K 77 2E
[y CO, iRz 2

+ 85 AL E B R ] KMnO, 258 5005 00 5 | i T
PELLSE 7 - 30 FE A9 KMnO, (0.02 mol/L) ZEFH 53
3 IRBER R B 8 EE (8075, 76 578 nm P K AR HE (5
M B LA 37°CHHER F£ 24 h J5 1 g 13
NH,-N HJZ 75078 (NH,-N mg/g +3E, 37°C, 24
h) , SEAREER AR 2 T D0 A2 | B PE DL 37°C TH TR
7224 h 5 1 g THEHFER Na,S,0,(0.1 mol/L) Z T}
B R 5y AN R R W R I | - 2 BT
it \N- 2 Tb- 2 3L AT I N 28 6 2 TR BRI
FIF4 A BEAE RN SR e ki A i 2
FRE 2 ¢ FE AT 2 60% H A1 FEK 2 IFFE 48 h, iIlA
3 ml ZRIR/KIRS), ARASHE SR, TR M R ol TR
PRI 5 SR FH T i JR 2 T Wl R . S B IC , pHL 5 A1
Rl (R IEBEIRMG ) 5% pH 9 WAL £ (BlEmE IR G ) K
GE P, W AE AR TE SRR T AT - 3B/ NEE RO

HFEPR B ) 5 (g pNP g 'soil h™") , B-Hi %5 0 11 i
1 N- Tk -22 5 1) e W T, D) o3 S0l et P B -4 %0 W
AR R N- k-2 5 A 2 W - R R S g
Y, VL SRR 2% vk (pH 5) I 52 Xof At 3 K 7y 1)
Jicik (g pNP g™ L3 b)), PR L MR ER S
(FDA) F F W AR 22 whi ( pH 7.0) FEP K 490 nm 4k
Lo DU 53R A i, LS M R o B 1
NI PR AE R (g POLER T hT) .
1.4 Buortorik

TRIEHE R S-S w45 vfE 22, T SAS 4t
4Kk (SAS 8.0 Software, SAS Institute Inc.) F1 R
(ADE-4) ZIe#di /i ok 22 100, Hor T
K5 Ty 22 53 A 22 B LU 3 ( DMRT) I T Fe i 3
I e | 50 et A e A8 A A RS [] b 3 ) - 458 4%
E R AR bR 22 5, B 2K H P=0.05 %
Ro WA AHTEEAE R PS5 A ADE-4 B R4, 4
A5 AL R PR B OGIR 1) 22478 B D Bk 37 T X RE
S WS AARAE B8 bR, I I B 4K 55 AN TR Ak
FHI] L b 2= AR WP B3 B RRE ) 22 575 2 008K
0t 53 W 225 SRR FH 248 2 ) 8 iy Pl RN A5 53 [ B T T
S AT RO, Ab B ) ) 25 5 i 2 MK P=0.05
TR,

2 HR5SH

2.1 i AR

Wk 2 PR, 1RG5 UR A0 52 e 4 Rk RS £
WeHEl LA 30 d J5, A morrisi BUE 43 B 1.67%
(P>0.05) 1 11.7% ( P<0.05) , E. foetida %552 W] 4351
EREN 19.0% F1 15.0% ( P<0.05) . A 4h, 7E3EFb
30d 5, RGN R D A morrisi F1 E.
foetida WY WE RN (P<0.05) 3 MAEIR A 15
(1) 7K R 1 v DU 50 K B, P e 5] A R ) 2T
[ i ,%H—F%U% A. morrisi W) T FEIA R B K
(P<0.05) .
2.2 WRWSIE B AL R AR Wy A

A PR A M T R T A R 1 Rr
IR —F A (PC)) A WU (PC,) B9 RiHTr
ZHRRR L E] 59.4% , F Rk E R R —
BT (PC) B 25 TTHRR R 46.3% , Hoor il 5K 241
TR A IR 0 i WP EOR U YR S AR E
ity TRt N- £ Mot~ 255 ) 2 W T il | 3 -9 4 W T 4
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WNR . CTRBERHE R VIMOC, 56 Ry
ZOTHRR N 13.1% , HEZ S5 HUE Y ik ki
it e AL IR | N- 2 T2 35 4 280 40 1 1 L B - 24
BEAT RS A G, U154 B R 25 b 3 2 )
f 22 Sk B B K (P<0.001) , WiFh 31k
SR 2R L AR T 25 5 T BRI 2 — 3 Ko A
KAEhR L. PS EHERA B Eh (H, 28 248 A
B R0 et PG TR A W N - A A

*2

WEH AT A A0 S0 S PR T DL RS B
pH {E 4= & BOA PRk 4= 2 3L 5 i R AL L B-
HIEHET I DOER — CIRBR G R BEE P, 5351,
i 515 %) M A P - 4 2 S ) 2 AR B AE 5 —
IR bR b . PS T3 E. foetida AbFH i35 X B F %}
FE3EHN A, morrisi AL ; DL 3 E. foetida 1 A.
morrisi AL B +IFERRE 22 T ANEH s 1H A. morrisi 5
X R A 3922 S 45k 3 (P<0.001)

RABRIEPEEHENENHETN

Table 2 Variations of earthworm biomass and quantity in soil amended with the paper mill sludge

B854 Earthworm quantity

37 85 4 ) i Earthworm biomass

b Rt/ KE+ it Kt Fiht KL
DL/PS DL PS DL PS
Treatments K4 Yy " " "
(&/%) (%/#) (/%) (g%&/kg 1) (g%/kg 1)
0d 30d P 30d P 0d 30d P 0d 30d P
LA A morrisi 12+0.00 11.8:0.447  0.374 10.6:0.894  0.025  6.29+0.114 8.27:0.363  0.000  6.17+0.250 5.36+0.451 0.034
IFZ R E. foetida 20+0.00 23.8£1.92 0.012 23.0£2.35 0.046  6.16£0.164 7.52£0.231  0.002  6.08+£0.077 5.93£0.248 0.263
T HLbER n=5
F o B E ERs 55
‘ 2
BRA LB DL+A \%E
5 [ L y S *j
= = B ¥ DL+E
S o PS+A
& X & PS
3 - =
< FENH . ZRRIEAE <
N-ZRt- S AT RS
/ DL
AL
P <0.001

Ax; (PCy): 13.1%

Ax, (PCy): 13.1%

1 A Ab B et ~2 A AR =2 PR B S R 23 H

Fig.1 Principal Component analysis of soil chemical and biological properties in treatments

2.2.1 eI GRS T U6 A A B A R R
TEIRA 15 VR 54 - 1 vh | & b B ] 4- 3819 pH
1 Eh {8 A LR AR A 1 RA 2 R B (3R
3) ., SR EIMILL, E. foetida AEBRAY pH 53 4
iR T 0.22 AL F0 Eh BRI T 13 AL AL
S BRI T 22. 8% ; A. morrisi b + 3 1) 58 i A
FEW BT 16.5%, 5xF A LG, PR i
| A2 TR ) A R RSO A R BRI, A

FIAB B B A TS T, (K SE 48 FR A 3R] 2% S R
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34 4%

$R0E0 20.9% B LHR R 1.02 DSBS 4 H0 5 R AR
6.11% ;A. morrisi AbPRA SRR & 5 B E 5 13.2%
(P<0.05) , 5% fE A SEAH Lt , 79 Fofr e ] Ak 2HE ) 4 50
A& i AT — e PR B 5, ] i M e | o Akl A
B 2R e AT S T I, X SR AR b B ) 22 S R
IRF) B E KT (P>0.05) , FIob, PR w5 AH F 3 E.
Soetida REFRIY A HLOK & L 1 5 T A morrisi Ab 3
15.7% B A i 0.84 B0, URCH 5 2 ) i 251K
FH 11.4%(P<0.05) .

2.2.2 SRR IS Ve A Wy A R AR R

FEIR G5 0 52 b 35 | 4% 4 3 1] 4 398 114 il
A=y & i AR o b SR N2 -2 A
PTG DR R TERERR G RN DO R T L IR IR R T
MEREE(ES), SWUBEIEMIL,E. foetida 4
PRI - ER AR P i f PRI T 43.8%, i A
AU | N- 2 Mok~ J2L 7 40 00 T G | IO 0 0 7 A ol 7
it 15 1 3 AR T 12.4% (48.4% 44.0% F1 40.7%
WK CTRERBE NG YESE N T 57.4% ;A. morrisi Ab
PHAY 395 A A SR | N- 2 k-2 25 7 4 R I A R
it 15 0 00 . B FRAR T 12.4% \33.9% 1 45.5%, 5
Xof R - A L, R R e 5] Ak B S ) A S5 GO W 0 R
SEALREIE VR — 2 B B A R AIG, {HL 3 S 45 A b 341 1]
Z R ARIRFN B E KT (P>0.05) , F A, W Fhbi b5 4H
Fe#E L E. foetida RbHE 13 AR AR — 2R
FR T M 5 3 T AL morrisi A0FE(P<0.05)

FEIR A5 I8 B KRS L1, 45 A 31 22 ]+ HE Y
WP R o A S | B A O R — 8
MRMRBEG T 22 e & (£ 6) . HXIRTIEM L, E.
foetida REFRI TN A R EFEAR T 33.8% ;A. morrisi
AL BR 3 Sk TG T R 10.8% , 0 B-AE 4
WA — CRRERFHE M0 T T 46.7%
134.4% (P<0.05) , 5% B A 540 L, 79 b ke 45] 42b
PR HIEE Y S = AR AR O N-&
P - 2 4 2 W Il R Rl R T 1 XA — o R
JEE R R, {HL I 1 8 A Ak B ) 25 5 oK 8 31 B 3K F
(P>0.05), A4, WiFhii 1A L 52, E. foetida #b B
1) A 98 I 1 338 e R ok A Ak SRR M B E LT A
morrisi A0 36.5% F1 5.51% , 1 -4 % 4 7 Bt 7% P
B (P<0.05)

3 it

3.1 R R S A e i 45 IR A 75 e LR 1k
AR AR
B ST AT H R - HESIE T 2 5 i e s A - 43

A Y E R R EER R Z — (B 1, P<
0.05) . A5 I F 521l by v A L | AIORS B 15 1
o 11| /S (i S IR = L YA e S
e 5 RHR A5 75 U 1) 5 b - S Ak~ RN A ) S AR Y 52
TR A N R/ T . S N LIS D0 Y N v
Soetida 15 3 J5 - 4+ 58 pH  Eh A HLER FGLA 4
A o E L A N- 2 -2 3 A A T
WNR . CRRBRBETETESE 7 A HEAR YA W3 5
TTAEZK R 4 458 vp | AR A LB &5 1 B AL L 2
TR R A 4 DA B, FR, 5
XFHEAA LY A, morrisi 76 52 3G Bh 5, 308 %
Rt A S | N- 2 -2 56 1 2 0 e UK it
TEPE PR . CERBRME YR K A4 B 284k Tk
et - s i 4510 3 fE - g b RO SO B i i
S ST | - 2 W i RN SO R . L R TR il
Tk 4 PR B E B, BRI T .

AW 5T 4 W WS R VR 5 75 )8 B K R b b X
pH BVEFIEABLR  M7ETR G5 Je iy - b - 8 rh E.
Joetida THBNF 1 pH FEML (3R 3 MK 4), 5K L
FHEE , 5 3 BLAR & f AR B (3R 1), e 51 53
fil AL Y R 22 LR FT g 2 i X — R4 Y
JEREZ 7 534, B AT B 5T o ke 654
TR A A AL, AP IEA R R
55X HRAH LL, i 45135 20 )5 1R 5 15 Ve i 5 Hb 1+ 9 41k
W D HLAS i BEAR, R 2 E. foetida REFRIR B 1 25
IRV MAEK RS LI X AR IF R LB, T
T3R5 + il S IR Y AR g
B b A SRR S EEAR A D B A e A
B PR T A5 R AR A BB S R S
it A B A B RZ B8 AT S R AR Sy o )RR 2 R RE
F110 B, JEAR R A 1Y | T A A 1 S -
ZE U1 B 5 PTREAR AR X SR ST Gl SRR, AT
fli HAR IR SR L S 22 I

ARWFFEHG E. foetida R T T3 rp R B AR J5A
T A LK 2 TR G 15 Ve 5 b 3 b i20n 1] 0 2
B ERRAR T A LIRS & A X AR A HLR
AITR A5 UK R 38 v i 1] 3% 3 D) (2 i 1 4= 1A
Pl & e (3R 3 MR 4) , S5 G HT AR i
Wi\ 7 5+ 8 PO Bl % B I R v LA AL AR
U R TR SRR TR AUE S MR
Blsk & & JF R FH e R & 8 W3 B AR 8
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FRRE ST : HAEAHUBREAR A B B, REIE R AT B A
PP IBORE , $2 e B ST ik 3% 1 it 4 (HR 7E B i A L
By S i s ) 5 R R R R S A R AL
PHIM R IE DL CO, B ZOREHLREJiC 3 357 AT e
AP S B, C APPSR W i ] 2b 3575 8
Ja TSR A AL B B e R
FEAE T R W AR5 e TR G b S H b 451 /5 4 /URN
AW R AR 5O IRAR HE O 3 PRD L A
15 VeA BRI A B A 25 ] BE 2 3 L X Al B4 1Y
HEA W54 W i 5] 2k 3RS 75 e 42
ik TR S ) | SN (N1 St E PN
| A2b B TR 5 75 U8 5 Ml A e A RS AL R B R K e
AP RN, R RN G 1 5L T fE
e | A AR T A0 R A A Vig 5 ¥ B gE
RILE. foetida AEFEM)I5 YA A 2R G Y290 & &
BE TR, BADITEE R PR 2 a6 a5
F975 Ve A HILADHRH Y Bl ik 20 3 A Wt A Ak 0 5
A3 g 1 3T N R A R e e A
57~ e M| A2h B 7 U0 A R e R | O | R
N AWTITEE R R P b 5] b A TR
EERRicime: 21 i ee S OEEE N O SRS P
Hb A S B AR A IR B K i T ARG
PGS e s & RE AL R &R e, 7E
e 51555 o A v, A AL B G SR o AR AT RE IR T
Wbt B2 T v W R AR T A AR R RN A
B, R IR G s e S i Ui A S B R T R
PTG G R % e ) PR T U8
PR A ASAC B 5 S MR AN R T RS A B 8 )
SRR IR A 15 U KR - b 5 X BRAH I, AL
morrisi A PR 5 /K AE - A AL & i B E G IR T
2L T G REE e o e o R Sy €T S 2 N
Yadav #l Garg'”'  Vig %" Fl Garg %" #F 5% W R
E. foetida M 4 135 Je FIAS [R5 HLE 5 1R &

Jo R B R L R AR, AT ISR WK E.
Soetida FEIR A 15 U 19 5 i A 3 rp I =25 3 A1 Al R
Fo (HGETEIR A 15 YR /KRS 1 498 b 2 25 Y Ak &0 LG 5 T
A. morrisi WIFEWRD 1 ITR A4 b S4 4 35 m ki &
P TEIR G Wyek b, w1 R0 52k B i 1) 4 1
XA AL 3 ik 3 RS AR Ttk e A BB 2R | L iR AR
SN, LA e 8514 S Rk A4 s A B2 A8 AR AT Tl BE 2

I G 1 R Y

5 BRAH LG, ASBIFFE 25 5 S A S 7S « i ] Ak 3 7
FRGT5IE 1985, IR UE Y ik i IR T
AW AR 2 T R A (3 5 IR 6) s 12
. foetida AbTAE 530+ AR RS £ b 5825 Ve R B4
TR R R (P <0.05), X5 Gomez-
Brandon %[411 %ﬂ?ﬁﬁ”ﬁﬁé%m ot % E. andrei 8% E.
Soetida AEFERTA HLYY RIS VST , Y0kHE) T4 ) i
/D | EREIR R CO, BT 0 35 58 Y 45 R AH — 30,
H1 T L S Gl A 0 e i AR R 33 3R 3 Tl S S Wi A=
RN YiE e B 2 S8 bR, PR, A BFSE
BARRYIRAE By et B R I A8 ] R S M eI 7R R B T
e -3 A S S A R R T A

Bt TR N I S 5 EAMY
REAE X L Tl A= W3 M A B B8R R B iz, T HL RE
% F Wt TSRO R BE S TR A AL AR ADIR G, ©F
WIFEEE R R, i 5| 7E H IR SO LY R R s 3 S +
BTG M R A R B R AR 5 2 R
B 7R A5 b A W] S B 35 | A [ b 2 il 07 1 7
2R, TEIRG 15U B KRS A, 19 ol i ] 3%
S REHE = Ao S AL U S s MR & 15 U iy 5 4
e R BA R R R (R 5 R 6) . T
TGRS ) A FH - 38 i A AILRR A 3R 03 3 B AR AR
U B AT 5T o Rl A LR AN R 4
T 22 5 AL AE 2 1 A Ak U T M 25 e i
DRl B -4 2 O Y it AR L Tl 0 1) e R e 2T 24 25 K
itk TR AR AT R AR Y 2, TEIR B T5 e 5
b A b AR 45 SR G 7R ke 51X 33K R e T P 1Y)
S5 HON o A ST s e — 2, (H TETR
B Ie KRS L i sl O VE R A — B
4, AN [ e ] BB AR 1) 22 S AR ] i 2 3 X b B
R Z —, o Tk S A | B A T A
FALHE S IR A PR B A LT B i ARG,
PR b R BIFSE 25 SR A 1 — 20 U0 B i s 0 AN ] 2R 2 -
SRR R AL AT AN AR, N-& P28 Ak ) 2 BT
b R AR LT SRR SR /I A S A 2 W O Tl 2
TR B A PR R OK O, —H 2S5 A
TR YT, WERR NG AE 135 HLBE L& WK i
hEREEAEN, 255 LRI SR 2R
FEATIGE e 5] Acb P52 b 4 b 3 AR 3 N-
T -8 A 7 WL R | TR Al R O M T
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5 b PR R A B BRSO IR A i e Y
KA TEKRE - gt R IUAR U 25 R (AR R 3]
BEKY. T EEE RS ARG o R R
IR EHT ) B b R A = rh e S ALY U 7
P SR 1 I M A2 FHL S T e 1 8 R T T AH DG 1 il
KRG T BN Z —, HBI 3R LR
it 7K S il e e M v 2 1 G D7 T B R R S UK
7 HE RO R Z SR TR PE A A= 1 18 AR TR
PERY SRS . AHIESE S5 SR 7R T i 1] 76 A ] TR
A5l £ e B Ot 3 T R IR /K Il M B B AN
[F) . 76 5l e v M| S AR 0 NP R — 2
TR P it 1% A, T A 7K AR P DU S A S i &5 2R
PR A HLRR AN SR 03 5 i 25 S U WU RN R AR
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3.2 g A ) 22 S ) i M| R B 75 e - Ak
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PRLHA iz B 5 e B9 AR R SR i A=
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A B TS VEHEAR h B RER A 0 (R A 24
s T 58 45 R 7 UL o A BIF 58 15 I 5 I AAS B i AL
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H DA Hl AR AR A I R - N J2 A ] =LA L
Ptk FEE P, K, Y m A Pk S 5 0 i
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4 ZEig
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fe B i DS/ IMEAE Y DA S - A B o3 i
FIFR I3 A0 RH O 1) T 05 1, 342 v ol 2 ) 8 I3
T HLAT AT AR R = R R i /KA LR G 15% 1
A5 VIS, w1 Bl W) 32 AR T A HLEK 1Y 4
FE 553 A T B 52 W AR X /N

(2) WSS 38 4875 U8 S v A LB R 5
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Ve TS PE T B« ZEIR G 15 U8 1Y v A AL RTG K
P D E. foetida X 3 MUK 43 BE
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TRAA TSI A ARA LK I R RL 35 i K R e
E. foetida %T 1 584 LA It A7 B8 1 ) & 2 5 T A.
morrisi , M A. morrisi X80 2R (L4 BE 1 FHXT 580

25 L RTIR, M sl e B IR S 15% & AR5 e
TIEAC A YA RAE . T E TS e B m A L
BRI TR o3 7 B AR AE TS P A AT 75 4% — 2 L il
BCE ] IR o A LY kL, E— 20 Al A
TEPEIE UM A5 G R R AT R /N DRI DR a6 K B
AZHEME,
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