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Abstract: This study explored the effect of Eisenia fetida on the soil bacterial community structure, to
facilitate selecting earthworms to improve soil quality. After 10 days of incubation by E. fetida in both
lateritic red and paddy soil, 16S rDNA Illumina Miseq high-throughput sequencing technique was employed
to analyze the bacterial community structure compositions and diversities of the soils with or without
earthworms. Sequence splicing and statistical analysis of OTU abundance were calculated by FLASH and
UCHIME, and OTU species classification and Alpha community abundance index were analyzed using R and
mothur. The results showed that the bacterial community structure of the soils with earthworms varied,
compared to that of the soils without earthworms, indicating that E. fetida changed the soil bacterial
community structure. In lateritic red soil, 5 non-dominant phyla were newly added at the presence of the
earthworms, which were FBP, Fibrobacteres, OP11, Tenericutes and Thermi. In addition, it could be observed
that Cytophagia, Spartobacteria and Verrucomicrobiae in lateritic red soil incubated by E. fetida turned into
dominant classes, while Solibacteres became a non-dominant class (Fig. 2 & Fig. 3). In paddy soil that
incubated with E. fetida, it was noted that Poribacteria was newly added as a non- dominant phylum, that
Spirochaetes became a dominant phylum, as well as that the non-dominant phyla involving SBR1093, SC4,
WS4 and WS5 died out (Fig. 4). Besides, Spirochaetes and Verrucomicrobiae became dominant classes while
Planctomycetia declined to be a non-dominant class (Fig. 5). In general, the dominant bacteria in both lateritic
red and paddy soil with the incubation of E. fetida included Acidobacteria, Actinobacteria, Bacteroidetes,
Chloroflexi, Firmicutes, Planctomycetes, Proteobacteria and Verrucomicrobia (Fig. 2 & Fig. 4). The relative
abundance of Acidobacteria significantly decreased by 44.90% but the relative abundance of Bacteroidetes
significantly increased by 14.88% in the lateritic red soil with the incubation of E. fetida (Table 3). In
contrast, the relative abundances of Acidobacteria, Chloroflexi, Gemmatimonadetes, Nitrospirae,
Planctomycetes and Verrucomicrobia significantly decreased by 49.05%, 20.44%, 64.01%, 35.00%, 33.56%
and 24.38% respectively while Bacteroidetes and Spirochaetes significantly increased by 28.85% and
154.17% in the paddy soil incubated by earthworms (Table 4). The variations on the abundances of the
bacteria in the two types of soils were different. In detail, it was increased in lateritic red soil but decreased in
paddy soil at the presence of the earthworms. Moreover the bacterial diversities in both lateritic red and paddy
soils decreased (Table 5). It revealed that E. fetida changed the community structure compositions and
diversities of bacteria in the two types of soils and thus this study offered a theoretical foundation for further
understanding of earthworm digestion and its interactions with microorganisms.

Key words: Eisenia fetida; Soil; High throughput sequencing technique; Bacterial community structure;

Diversity
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Py EE A (Bainard etal. 2016). TM4H T
B IERAEY TR E S #E (Nannipieri et al.
2003, Dominati et al. 2010, Aislabie et al.
2013), ‘&R LA IR IR RN A ML
orfi TIEFIRAATE AL (Six etal. 2004), 5+
BRI E VI, LI, b,
W E ek 50 B RN Ay fif b 58 R R B A B R
(Edwards 2004, Dominguez et al. 2009), 5N
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W 7> T s R e, R A o)
T A R SR R SR e e IR B A
AEHRAZ S DNA AT SOFERE. WF, 18
BAKKTF T AEM RSN (BWE
2011) , JRAREEL SRR R AL PN R A
TR M R MER Z R (RIS 2012)

HFIF%E (2014) i H & & 7 A DGGE #;
RO R IR AE TR 2 5%, S5 R R
it DGGE A% 6 71948 H 10 £t 10 J&,
B DGGE 1Y e M8 BRI AE M KRE, 1
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P b5 Ry 75 702 k], ARSI N T
FEE A ISR ERUEE . Kb —8 AR
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TH7 %N : FREX 1000 g i 2 mm i +338F1 50 g
it 2 mm G, TR, BETIREAE ML



+ 966 * Y2 & Chinese Journal of Zoology 53 &

F1 AR EAE AR

Table 1 Main characteristics of the soils used for the pot experiment

kit ViAR: KA+

Index Lateritic red soil Paddy soil
pH 4.50 6.09
Ziki ¥ & Clay content (%) 20.60 39.00
WLk & Organic carbon content (g/kg) 48.40 14.70
A% % & Total nitrogen content (g/kg) 2.94 1.15
AL CIN ratio 16.50 12.80

FERAE MR (15 cm <11 cm x13.5¢cm) ,
WK A 2 60% A Sk E, Fug 2 do ARYE
SIS LR, 43 ) W] 26 () SRR AP 2 15.09 g
s, RIEEZEZ) 60 SR % MEsl, 34T 10 d
TSR FE, DU P v R R i ) o A
SR - S5 A (%) A FH O R T AE — o AR
FE g /b s AR IR Ak B s CAira et al.
2008). Ay Gl ek, (E T FE Eab,
FEb% 1 d FARE R LIRS K E. 94
JoF Loy e, ARG S LR
&), B 4> LAY - 80 CORAE, H T DNA
PR, D L BT W P 5 R R0 22 R 1
fiEs
13 SEWT

P77 £ PowerSoil DNA Isolation KIT
(MOBIO Laboratories, Inc.) {177 5#4T 135
FEAREL DNA $2I, K2 DNA fRAFT -
80 CUKFa . $EHLKIEKZH DNA ZEHEiR I
KIER A et AT R 41 DNA WREE. 4R
SRR, g5 R BORAE R RGP
Ko REMECE: BWHMT M RE. H
T4 DNA Polymerase. Klenow DNA Polymerase
A T4 PNKCRHT W st P AR A2 52 AP oK
Uiy, FRERE 3w nERIE “A” , {#15 DNA F Bt
A5 3 “T7 BREMERRECLIER:; &
Ja F A 4% B9 3C FEJEAT cluster il 2% AR H
Illumina Miseq “F- &l 7 -
1.4 BiEksE

TSR A BRI, SRR 1 2R
BITESRTE clean data. 54818 B 1k

FLASH (Magoc et al. 2011), F|FH&ESK R
A vt U P45 21 (1) o5 reads 2H 25 pk— 2% 17911,
R3)=Z X Tags. FH UPARSE £ 97%#H
WU N7 RE, BABRAED LR T
(operational taxonomic units, OTU) L& 41,
FIFf UCHIME (Edgar et al. 2011) # PCR #”
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i usearch_global(Edgar 2010) /71244 il Tags
tEexfEl OTU REFHI, 15 2 &K dn £ A
OTU MFEgiit£. KGR OTU R
a2 FE S, THEAEAN A A A R OTU, @
i R (v3.1.1) iES M Venn B, i@id mothur
AP OTU HEHATYIRERE, & —A> OTU iy
411 51%LL_F 11 clean tags #V3F: K[|l — 4%l
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IF 5 RIAT S 2R A LG B, 4565
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TE 1T FI AN 7K S St S 8 2 60 e s 26 174 42 Foft A
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15y oy BIAET TR 7K b A7 o) B 2 A | 26
V) 5 4 B SRR NS = BE 1) 2 35 1 22 e o o i
J5 I mothur #4217 Alpha £ #1443 #r
(Schloss et al. 2009), %5 Chao f5%(. ACE
fe4. Shannon 54l K& Simpson f54L, HiITH
3 MMREGERR IS 1 AMEEGEDN, YRR
AR .
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2 R BE A & E A 1A 3 A A 0 A 2
B (B D o Jrersgerh, sl H A 4B 2R
FEECE L IR A R R 25 K
e, X REZE A T 4 T S A U | 2
MARMEEHEES ., FIRERUHE, &1
IR R R fa, P IR 4H B AV S5 1
BIRAE T M.

2.2 AFIACFE RGN R S R

FET TSP b, AR B2 R T 0.5% 0 4H B
TR NRAE ], HRPINARAAE ]
PR Pl 41 Lo R A 22 5 N B T T (KT 2):
FBP. £I4ifTHi ] (Fibrobacteres). OP11. %
JETE 1] (Tenericutes). Thermi, ‘EAITHIAHNT=F
JEX/INT 0.5%, AFARLHBLAGE ] X AL A
W2 A 8 ANMAHE IR A MR ] BRATEEI]
(Acidobacteria, 4375 5.99%7F1 3.30%). Jitzk
B[] (Actinobacteria, 73l 7 3.24%7F1 4.14%).
WA 1] (Bacteroidetes, 7% & 16.009% #ll
18.38%). £t [ ] (Chloroflexi, 437 5 0.63%
H10.51%) . JEEE B | T(Firmicutes, 4371 15 1.05%
Al 1.36%). 7F& K] (Planctomycetes, 437!
i 0.96%711 1.10%) . ZZ X K] (Proteobacteria,
4y A 68.54% FlI 67.56% )« HE B I
(Verrucomicrobia, 73l 5 2.39%41 2.80%) .

TENIKF b $EAEXS 3 KT 0.5% 1) 4 A
Ik AL, Fol = ¥ HoAth (Others ).

F2 HEESRVUFEREST CroE £ frdER, n=3)

Table 2 Sequencing data statistics of the soil samples (Mean =SE, n = 3)

R St Ak B R Gk OTU #&
Soil Treatment Tag number OTU number
ViAR: X4 Control group 24231 +258 626 +7
Lateritic red soil IEH5 41 Earthworm group 27 390 650 669 +21NS
K+ XTHRZL Control group 26372 76 1504 +2
Paddy soil I8 2 Earthworm group 26 179 £150NS 1435 48NS

* FoRA KA RSB AR P < 0.05 KT FHREER, NSMFRERRIEEEZKT.

* meant significant difference at 0.05 level between the different treatments in the same test group, NS meant no significant difference.

Birts|2H

Earthworm
group
234

Xt B 48
Control group
145

FRELHE Lateritic red soil

i | 25
Earthworm
group
377

A HEZH
Control group
438

KFG L Paddy soil

B 1 FRAERUKRE RS AR R OTUs Venn &

Fig.1 OTUs Venn of different treatments in two groups
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Fig. 2 Relative abundance of each phylum of different treatments in lateritic red soil
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Fig. 3 Relative abundance of each class of different treatments in lateritic red soil
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Fig. 4 Relative abundance of each phylum of different treatments in paddy soil

(E5), NFHEY (Planctomycetia, 0.52%); PATE . Acidobacteria-6 (735l 5 2.12% 0
Mgl 1A 2 ANE AR ek 0.95%)  BRATFE A (455 1.08%F1 0.67%) -
(Spirochaetes, 1.22%) FIFEHLEL (0.57%). TN (30 d 2.83%F1 2.41%) | o-A
Xof HE ZH A ] 2H [A] FE AN K T 23 ANAHIF EIAR BN (il 12.22%F1 10.48%) . JREALRTH



+ 970 - ¥4 E Chinese Journal of Zoology

53 %

100.00
80.00

60.00

AHXT ¥ Relative abundance (%)

20.00 F

0.00
Xt 4 Control group

AbFE Treatment

W51 41 Earthworm group

Acidobacteria-6
FRFTE 40 Acidobacteriia
iR # 4N Actinobacteria
a-“BTE 44 Alphaproteobacteria
PRAALEE M Anaerolineae
ZEHIFF H 49 Bacilli
m Bacteroidia
B-“Z T # 4 Betaproteobacteria
m Chloracidobacteria
RN Clostridia
Cytophagia
® 5-AFJE 1440 Deltaproteobacteria
® W T £ 40 Flavobacteriia
1y-A5 K 1449 Gammaproteobacteria
® Gemm-1
= G4k B2 e 49 Nitrospira
m L 4N Opitutae
m Pedosphaerae
= Phycisphaerae
= /78 4N Planctomycetia
H Saprospirae
m Solibacteres
u Spartobacteria
m IR AT # 48 Sphingobacteriia
m 2 JiE A 40 Spirochaetes
® T 4N Verrucomicrobiae
® K %39 Unclassified
m HAth Others (< 0.5%)

B 5 KA A EE AH B KR A W R4/ F BRI B

Fig. 5 Relative abundance of each class of different treatments in paddy soil
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MR ] AR TR ] R [ TR
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#£3 FABEPENEERNEENRBMERE CFE = HdER n=3)
Table 3 The dominant bacteria changing significantly in the relative abundance in lateritic red soil
(Mean =SE, n =3)

HXTERE Relative abundance (%)

] 4 P {H
Phylum Class AL U] 41 P-value
Control group Earthworm group

FRAFIE 1] Acidobacteria — 5.99 +0.40 3.30 +0.34 0.00
U] Bacteroidetes — 16.00 +0.76 18.38 +0.42 0.04
FEFFER ] Acidobacteria FEFF 4N Acidobacteriia 4.98 +0.38 2.70 +0.23 0.01
FZFTFE 1] Acidobacteria Solibacteres 0.80 +0.02 0.49 +0.10 0.04
UFFEE ] Bacteroidetes Cytophagia 0.09 +0.02 0.63 +0.04 0.00
UFFEE ] Bacteroidetes Saprospirae 12.13 +0.50 14.35 +0.49 0.04
AFEHE ] Proteobacteria 3-F T 4N Deltaproteobacteria 0.94 +0.02 0.62 +0.10 0.04
PEIETT Verrucomicrobia Pedosphaerae 2.19 +0.28 0.77 +0.31 0.04
PERE T Verrucomicrobia PERE Verrucomicrobiae 0.07 +£0.02 1.31 +0.05 0.00

R — xR A 05 2 A PRS2 R SR [ AT B AR S PR R 2 PR 00, AN B KT

— meant the dominant bacteria group in the control group and the earthworm group were analyzed the significant difference in relative

abundance at the phylum level, but not at the class level.

B0, 20 5 P> 49.05%. 20.44%. 64.01%-
35.00%- 33.56%71 24.38%. fE4/KF- L, FIXf
F RN AMENA: BT HATFE T
Cytophagia FIZFF BN J& T JERER 1R 14
W, BT RLETIN y-BIREN. & TR hEk
ITH IR TR0, 4 )~ 28 128.97% .
820.97%. 83.12%. 27.23%7F1 154.17%; AH*}
FETHEMA: BTRMAEITMW
Acidobacteria-6. EZFT#44. Chloracidobacteria
A1 Solibacteres. J& T #UFF B 1% Saprospirae.
BT ZERME 10 Gemm-1. J& TR LM i
TR MIBEREN, BT HEEEIHN
Phycisphaerae V72 4N J& T2 WH I 1H a-
BIWAN . J&TIERE 11 Pedosphaerae, 43
P29 /b 55.19%. 37.96%- 56.35%- 43.18%.
38.29%. 65.64%. 35.00%. 45.65%. 11.54%.
14.24%7%1 41.88%. FiR L4 1 S HE B A0
FEARAL IR B 22 K (P <0.05),
2.4 NI AbE A] 3 S H A 2 RE TR A
283t 10 d KT IR 5, FRLLIR M 40T 3=
FE R BT, KR LA S R N R

% (GR5), YR Ml X pidh L A 1R
FEMITEMAAFAEZE SR T A5 52 B ) 7o A 1 35
AT ZAE IR U — B A SR R 2 A
PR R TS . XLEPR I, KRS A4
N 2 RS LR 2 s, SRR 4
PR R . A REVE S LE R R

3 Wi

3.1 ATFEREEX TIRAERIE SN

IRELIRANKFE L A5 7 52 Mk s] J5 HC A0 i
PRSI RAE T O (B Do sl 55 1
Bfa, IR igiE N S s R R I
S A A VR 5 A AR U IR G B (Alira et al.
20160, TIEFEMTE iE NIERL I FE, SRk
B R RE AT RE sV A, T S Le A B 2R AT
RIS P RIL B AW ETE (Drake etal. 2007).
— 5T, sl i TR A LR S
VR RER pH 25 N A V) A A7 3R AL R 3R
5%, [F)A H B N 43 B R B T AL R 1 T
VA BE. MRITEE. AYEEREE. LT i) et
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£ 4 KBLAPENSEERMEZERORBMAETHNRAMEN CFIE = bR, n=3)
Table 4 The dominant bacteria changing significantly in the relative abundance in paddy soil
(Mean £SE, n = 3)

HXtERE Relative abundance (%)

| e Pl
Phylum Class RE g AL P-value
Control group Earthworm group

FEFTER ] Acidobacteria — 6.81 +0.07 3.47 £0.30 0.00
fIIFFEE ] Bacteroidetes — 2350 +0.13 30.28 +1.94 0.04
k317 Chloroflexi — 1.37 +0.08 1.09 +0.04 0.04
ZEH U] Gemmatimonadetes — 3.39+0.11 1.22 +0.20 0.00
THACIZAER ] Nitrospirae — 0.80 +0.03 0.52 +0.05 0.02
FHW 1] Planctomycetes — 1.49 +0.07 0.99 +0.07 0.01
ZJiefA |1 Spirochaetes — 0.48 +0.07 1.22 +0.16 0.04
PERUAE ] Verrucomicrobia — 9.64 +0.23 7.29 +0.42 0.02
ERAFHI] Acidobacteria Acidobacteria-6 2.12 £0.07 0.95 +0.11 0.01
FEAFE 1] Acidobacteria FRFF M Acidobacteriia 1.08 +0.01 0.67 £0.05 0.01
BEFF# ] Acidobacteria Chloracidobacteria 1.81 +0.02 0.79 +0.06 0.00
EZAFHI] Acidobacteria Solibacteres 1.32 +£0.05 0.75 +0.09 0.01
A [ Bacteroidetes Cytophagia 4.66 +0.16 10.67 +0.58 0.00
fFFE ] Bacteroidetes WM E4A Flavobacteriia 0.62 +0.09 5.71 +1.03 0.02
T I] Bacteroidetes Saprospirae 10.63 +0.39 6.56 +0.21 0.00
JEREE ] Firmicutes B4 Clostridia 1.54 +0.06 2.82 +0.39 0.04
ZEHEE 7 Gemmatimonadetes Gemm-1 2.91 +0.10 1.00 £0.16 0.00
THALMRER ] Nitrospirae THILIRIERE 49 Nitrospira 0.80 +0.03 0.52 +0.05 0.02
17811 Planctomycetes Phycisphaerae 0.92 +0.06 0.50 +0.05 0.02
F&HH] Planctomycetes FHEWEA Planctomycetia 0.52 +0.01 0.46 £0.02 0.04
A JEW ] Proteobacteria o-ZTE 49 Alphaproteobacteria 12.22 +0.07 10.48 +0.30 0.02
A JEW ] Proteobacteria v TE W4 Gammaproteobacteria 7.64 £0.41 9.72 +0.47 0.04
W2 JEfk|7] Spirochaetes IZHEk4H Spirochaetes 0.48 +0.07 1.22 +0.16 0.03
PERER ] Verrucomicrobia Pedosphaerae 5.85 +0.04 3.40 +0.10 0.00

RN — ZoRo IR ARSI 4 DA A R SR REAE | K L ARARR S R R R i, A RAKF.
— meant the dominant bacteria group in the control group and the earthworm group were analyzed the significant difference in relative

abundance at the phylum level, but not at the class level.

RS AFLCEE R RAEFE S EERE ST CPIE £ R, n=3)

Table5 Diversity index of bacterial community structures of different treatments (Mean £SE, n = 3)

e AbER Chao 5% ACE f5% Shannon 5% Simpson 541
Soil Treatment Chao index Ace index Shannon index Simpson index
PiYAR: ] XFHRZL Control group 674.60 £3.96 693.75 +4.07 4.16 +0.01 0.040 +0.000
Lateritic red soil g2 Earthworm group 710.73 +20.15 729.17 +21.32 4.16 +0.04 0.044 +0.000
KFG+ Z A4 Control group 1600.42 +13.19 1654.26 £14.77 6.01 +0.01 0.006 +0.000

Paddy soil Iz 43120 Earthworm group 1553.16 +46.57 1605.54 +48.11 5.86 +0.09 0.009 +0.001
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— R A RCE R, (2 — 7 X L AL
fitg 2 i — 5B A9 (Thakuria et al. 2010).
SR, TEEYIRIASIR], 20 B A A i ) i
WA IE S AN F] . MOCHRETRH, AT
5z W) i T P 1) A8 B 2R TR B 1] U
FEETT RSB JRRER ] REWI ] &
TEH VAP 1, At a A F R 2
T BUIX LA B SR AL AR T 5% Rl i N i
(L BIAE (Vivas et al. 2009). b4k, XT3
G 2R ] Sk, A3 T B R S H R AR AR
At AT BE R Tt i Mok VR (Knapp et al.
2009 ) i1 - 48 45 55 1 ke ] 35 7% (Alira et al.
2008).
3.2 FFREX LM BN E R
ASHIE T IR B AR L1 3B AN /KRG & v s R ZE D
W5l ZH AT AR S5 A B SR I LR R AT B 1] T
R UATBET] ST, ERER]. ¥
BWI R EMETT. K, BIRE
I TR =5 B BT o5 Eu g 35 A ok, TE P b 13
FR NS 2 AT sl 2H 73 30l 5 68.54% . 67.56%
F1 45.11%. 45.55% ([&] 2 FIE 4), X5HTA
FORIF 7T 45 FEARAL, 2 Knapp 25 (2009) Al Wust
25 (2011) 43I LLRy IES] (Lumbricus rubellus)
AT IE® (Lumbricus terrestris) SN TN 4,
R R TR B ] 385 PR A TR A TR S5 A — 3 =
TR T T 5 B8 ok (> 30%). Fik
P EHERR TR RER T LAAM Y 8 T4 =
B . AT AR R BoR, 2 KRR
£ A BY i il By 18 9 AR A7 T SR B9 BE T b ==
FCBH P B 98 (Hendriksen 1995, Daane et al.
1997, Williams et al. 2006), i LAZ i ia] B £
Jia 3 R P B 22 T Y 1k B AR X 3 B AR
SN, AL EATHRAAZ IR PR R 2K
HEo o5 A0 B S (R R X 3 B 2 01 4 P
Ja W E MR CGR 3K 4), IERGXFILR IR
DRI AT R A 2o AR M T B i 22 LR P K &
SR 7/ (RS IR - M e A 1N N A s A
(Ch&rez-Romero et al. 2016), 1M LL&E & A PR
REIR TN B AR 2 Ml N L8 s, XLk

S B 1 B R A ] SRR AL IR T s, 4
FoAR R e ) 2 4 3B BEA HLITT ) o AR A EX
o [, PRI G At ] B 40 B 1) A=
TSR DG, Sl s el I &g IR
R HEAESRI003% (Basker et al. 1992),
SR 338 s IR T AR BRSBTS 22
PO ERAT BT 2 EA PR 1R 25 B D 2
fIZEK (Sun et al. 2016). H4k, T3EFES
TR 2 2 i il A A S ARG S T 2 2
Fo WAR AN KRG L AT B 1] oK L
R T EEEE T TR Y] (Clostridia), X5
Ché&vez-Romero % (2016) FIRTFT 455 3.
57 DR RT 2 K A 4 A 2 A T DAy i — L At
4 B HE AR o LASR A3 R B, G0 Pascault
& (2013) RILERER 10T DU IS R
(A5 R SR I AE &, Haichar 25 (2007) R I
FONFEE 10T LB A AT 4 23k iR 2. Sk
[EIF, Yousuf 25 (2012) K I0JSEER ] AIHUAT
B L@ [ COor (HEE &2 BN
34.4%%1 16.1%) FR1FAER, X B A]AE 2 FHOX
SEH R B R R . 3R 6 SRR I
W 28 I 52 PR ] BB 5 AR =R R R A AR
LA AN B T TRIAE R RS ThEe, B —FiAEXT
FERERELHRRAME R TR S
RE RSO0 E LI R R G, XA
A Ja it — BRI T A .
33 FTFRMEMWXA FSR T RN P 2 A
IR

AW FER, 5152 ] 5 v o - 39 401
SRR ZE S (R 5): AT R MEwfE
7 21BN R = 3 g KRS LA R
B, [ B A5 o ot B 1 22 R 2 R PS4
Tiunov 5§ (2000) MRFFTIRH, SIS
fii—30 5> LR B A YIS I PR, SRR AT RS
e ] R E A AR T i — 3 G R R L G 3F
TP A, FEEREYE ]
QNN RN TR S ne: £ Gt/ ENi N
. MR LATLLEH, FRZIEIIA MU 4 5
SRR MR, BRI IR LT gl B 7 R
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Table 6 The ecological functions of the dominant bacteria changing significantly in the relative abundance

in the two soils

Il
Phylum

ST D RE

Bacterial function

FEAFER ]
Acidobacteria

FUFFE ]

Bacteroidetes

LB
Chloroflexi

2R B
Gemmatimonadetes

AR E B ]
Nitrospirae

FER
Planctomycetes
BRJEAA ]
Spirochaetes
PERA ]
Verrucomicrobia

FefpamBRAZ Y, 584068, BALER, SHRBAEMAY (EuE% 2016)

Acidobacteria has the ability of degrading the plant residues polymer, taking part in iron cycling, photosynthetic and
contributing to the metabolism of mono carbon compounds

% 5k T B HVERAE NI (Cottrell etal. 2000) « BKIAHLY (Davey et al. 2001)

Bacteroidetes has the ability of degrading dissolved organic matter and particulate organic matter in high molecular
weight

AR R IR R, P AR M)A = Jod e FR B A AR G ARIFSE 2015)

Chloroflexi has the ability of providing energy in the photosynthetic process and producing the primary productivity
which is important for heterotrophic bacteria

R fprEmREh RIS 2015)

Gemmatimonadetes has the ability of degrading silicate

% NO, -N BB A REM M EIER, AR T RIIERBET (s 2016)

Nitrospirae has the ability of alleviating the toxic effect of NO, -N accumulation on the denitrifying microorganisms,
which is beneficial to the denitrification

TEPRAASAT N et IR AL IR B 2 (Schmid et al. 2005)

Planctomycetes has the ability of promoting the anammox reaction under the anaerobic conditions

P R FR IR RS E 1 (Lee etal. 2013)

Spirochaetes has the ability of improving the efficiency and stability of anaerobic digestion process

Z 5P (Morris et al. 2002) FWEPEGIRRY (Lin etal. 2004) Hff) CH, 3R
Verrucomicrobia has the ability of taking part in the CH,4 cycling in the acidic soils and the alkaline sediments

R WL FELE I T BEAK IR 208 1A A it
HAGER%E, FEELTHES, mKkEL
WAL RE BT O WA O A A R R
SR, H—J5H, Mummey £ (2006) 15
H, E T s O SR A P 3 11 Ak A SR Ak A
A NPT [ 5 A Re A, B DA RIER
A SRR E AR T AW R L, TS
(2016) fatt, AW BB RIER T
SRICET 2 H WL ARGV, s tiE
TIURL RN /N SR AR B 4 R [ B Ak . AR e P i)
IRAIRA R S IR L, AR KEER
PRI R, A R A I S B B2 it o A ) ) 30
5o f)a, ATREH TUEE i P LR RS BT
LB U A T R IR, B DA |
FIINN T 2 L B A B A5 082> (Tiunov et al.
2000, Scheu et al. 2002) . A AT Bt xf 3%
TAEPF FE s I T G AR AN [F g5k, A
SOIRINS I TR S A A e o 3 1 G N/ B 5

(Butenschoen et al. 2007, Pawlett et al. 2009),
A A ] 2 G n - e AR Y EcE (Enami
et al. 2001, 1FHAFELE IR fE 515 TR [EK
fEf5% (Gomez-Brandon et al. 2010). 45
BIF 5 AT 3G D0 B 20 ) [B) ROBEAT A0 AT, WL S ) 0k
5 0 TR A Vi 5 K TR R T I A R 7 I 1] ) 4
AT A AR

2 % X M
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