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Abstract: [ Objective ] The effects of straw returning and biogas liquid replacing chemical fertilizer on the growth of early rice
seedlings and paddy soil quality were studied, which provided the theoretical basis for the combination of agriculture and animal
husbandry with nutrient recycling. [ Method ] The comparative effects of “wheat straw returning to the field combined with
chemical fertilizer” (S-CF), “wheat straw returning to the field combined with biogas slurry” (S-BS) and “total fertilizer” (CF) on
the growth of rice seedlings, nitrogen and phosphorus accumulation, soil nutrients and microbial communities under the condition
of equal amount of nitrogen application were studied in greenhouse experiment. [ Result ] The growth of rice seedlings with
different fertilization application treatments was obviously promoted, with the extension of treatment time, the promoting effect
of fertilization treatment was more significant, among which CF treatment was the best, followed by S-BS treatment. The
improvement effects of S-BS and CF on root growth were similar, which were significantly better than those of S-CF and CK.
The content of soluble sugar in leaves of rice treated with S-BS was significantly higher than that of other fertilization treatments,
and the content of N in leaves of rice treated with S-BS was significantly higher than that of treatment of CF. The total bacteria of
CF treatment was significantly higher than that of S-BS treatment, while that of S-BS treatment was significantly higher than that
of CK and S-CF treatment. The relative abundance of Proteobacteria treated with CF was significantly higher than that of other
treatments. The total amount of fungi in CK and S-CF treatments was significantly higher than that in S-BS and CF treatments,
and that in S-BS treatment was the lowest. The relative abundance of soil dominant Ascomycota and Basidiomycota in the CK
group was significantly higher than that in other treatments. The relative abundance of Chytridiomycota treated with S-CF was
also significantly higher than that of other treatments. Alpha diversity analysis showed that the bacterial richness (Chaol index)
and diversity (Shannon index) of S-CF and S-BS treatments were significantly higher than those of CF treatment and CK, and the
richness and diversity of soil fungi treated with S-CF was significantly higher than that of CK, and that of soil fungi treated with
CF was the lowest. [ Conclusion ] Under the treatment of straw and biogas liquid as a short-term substitute for chemical fertilizer,
the growth of rice plant is lower than that of the whole chemical fertilizer treatment. However, the effects of straw, biogas liquid
and chemical fertilizer on the growth of rice seedlings were still very obvious, especially the total substitution chemical fertilizer
treatment of straw returning to the field and irrigation with biogas liquid. The soil quality, bacterial richness and diversity of straw
and biogas treatment were significantly improved even under short-term application conditions.

Key words: Straw; Biogas slurry; Fetilizer; Growth promoting effect; Soil quality

TEIE 09 40 47, ACAE AT AT As B8 7 eS8 I NOERIRIE AR BRI, o AR AT TH RS AR

A=, SR, o BRI AR T & (N)
ZHR A E, B L E, SRR,
2001—2005 453k [ =24 AAEW A = B EL N R A
FARCRAUAT 26%~28%!1, i S& [E AR N 2% F]
WA HIH 52%F0 40% 2, X — 2% FE M 7E AN W7 b4
KBV, REFE AT LU SRy 4 S b M RV E 9 %) Fee 400 RUTR
Hh ] B A PR AT B FE D R A i 7 i 4% [
R ZN, HPERAREE 8x10" kg, HA,
32. 3% SR TIT R RETR , 16.8% 5 FH A £ ) Fil i
B, 16.8% B FF o B, A 14.1% A0 HY.
LRI, RS AR AT LA e | R
Fe 8K fEdE N 204k $2m N Z A AR A

B R ORI N R ER; ERAKSENT
PEAT/NEREFFR B, A A TR - R A HLER |
H,S “Fib A T BN BB, 1l A A i
AL LA, pH FEAR, XEELFEIEMRA LT
BH, FEATIL AR AT A AR s, MRARLR . T
KH, MR A, AR TRREE R
T, AR RED ), A RS K
W R TE R L SE R, B AR (NPKO),
JEREIR . LR . deA R BTSSRk
KA LIE , 1 HLA — A FUIE T BeA A PR3 U
HEAHSSORE 5 45 0 TRV P 35 1 AR AN 27 4k 21 56
Wi, XSGR | 4ed LA A R IE T 2
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R, RO ACALRL T ] BRI R TS gt | R fRAL AL
AU FEAEYIAR BRI A T AR T L TR AR i 48
BRI Sl A O AR G, e AR R, AR
s R A R A BRI, R HE
WA RES T A BT AR UL o o it A 225 1 N
PR AR RIS QR . AN, TR R BT
i Ty i AR AT e AR A2 AR i
R BT RS AS RS2 [, i il
B, WnEER | PUER KA ERIERSE, dn X
Yy LHEIREE 7R AR N RN . R, BF
FE R SRIE 1 06 T e 1) J) 30 A T 1o AR B A T
VRO i 3 R B O Y IR e R
7R R AR S A TH PR B4 T R R MO 80 P Ao B
i, W B ez —.

T PR 4R 7 A0 2E A A W D0 B i 77 1 £ - 4
fEFERYETIR T, RRFEFTE AU, SEBE
Yok AR T | PREETS AR, T e T
3 R A TH A 25 28 G0 R 49 A 7 0o T8 98 i A A e
PEBETT , EBORITT AR A ™ MR AL BEAHES S AN
TABRGED, KEEAREREEOREEDZ
—, Wil KEHEHRARM, REahe
RRE R A P R AU, , T4 K IR | LIRS
AR BRI, AT IR AR, R AT Y 42
i I AELES A, R AR 25 2R G2 I A T B 1 5 R

M B A R, LARR, iR AR WO R
TR T A & LRSI IS IR
Yy h 2 REPE S LS S AR B DR OG , AR
TEARRARSE |- P 3 H e HLB A9 00 8 57 o
A ER A BE R B, A 5 T e Y DI RE S RV £
ST B W A A v A AN TR R AR 2 G T
U0 P, ABFFEER S PRI, Lk
TR T AT BOK AR 40 v A R I T R,
BCE AR BN AL P, BV <R Ak A AE
Jiti” AL TR EC I AR IE A B, LA
TRAL AR B, RS [ AR BEX KRR v AR A e
Ho 3 RV A S RO, 3 ARG AT I B4 SR O AL AL
SEMAL AR T KR I A A SR B A RFIE AL £
M AR AT i B JH RO | ARSI 25 A 215 it )
BORGE RIS B EER , AR B A B
WARER I @A

1RSIk

1.1 RIew

VIKFE “#h#8 12 %57 (Oryza sativa L. ) ik 5
BBE MR S Al A A el N SR B 338, Ry LA 1
FE+HFR A 1 eom® 24, 13 pH o 7.33, I
L EEAR AL R IR 1 s .

F1 i HEEARE AR

Table 1 Basic physical and chemical properties of tested soil

IR KT 2R° o A AHLE” A" A g ©
Soiltype  /(mgg') /(mgg') /(mgg') /(mgg') / (mgg') / (mgkg™") /(mgkg') /(mgkg')
W 1.03£0.08  0.2340.03  0.45+0.04  21.22+1.12  17.63+0.11 8.76+0.33 3.3240.23 0.19+0.03

(D Water soluble salt, @ Total nitrogen, 3 Total phosphorus, @ Total potassium, & Organic matter, © Available phosphorus,
@ Alkaline nitrogen, Available potassium, @ Yellow-brown soil

1.2 RIgit

2016 4F 8 H T AJFE g Al KA R IR = v
TR . R E 4 DT, 5. (1) X
HO(CK): AFEFFIRH . ARHEAEWR . AHfAE; (2)
F AT i id LB AR BE ( 25%F5FF N, 75%40IE N,
ICA S-CF ); (3) FEFF4 i H-+AEMAL B (25%F%
N, 75%A MW N, ic A S-BS ); (4 ) fLAEALH( 100%
FEAE N, ik CF ). AR50 AR ALAE S NPK R tEE
AR (15-15-15), #A4bBEAHEA R (130 kg-hm 2,

AN, TR —3. fAaAES 5K, HiK 60 cm,
P& 44.5 em & 40 em 1Y SRR 1 UK S 7d,
TR AL EEAY R LR TR R, oA e K, IH
R, AERTE R B VT N T R Rl R 5
LR IR B ALF BT INR 2. e H
FZH (5000 kghm*, ZRERATER 6.5 kg

A 1.8 gkg'. &M 12,6 gkg!) &YIWE, S5+
HePeo) o IR AR AT 12, 24, 36 d X REFR AN 4
HATHURE
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F2 HIBRERE LMK
Table 2 Basic physical and chemical properties of biogas slurry
S S HAER B A g A
Total N NH,-N /(mgL') NO3;-N/mgL")  Total P/(mg-L™") Total K/(mg-L™) /(mg-L™) prt
850.1 £96.6 787.8 £ 82.58 28.13£5.77 26.43 +4.20 530.2+39.18 156379 8.20+0.29

(D Chemical oxygen demand ( COD )

1.3 EHES. TYREMIRE N E

TAb 12, 24, 36 d BEAHZIERR (/N
1 mm ) KRR B R o SR K KR v DRI e A v
W, e AR, T FHZE IR KK fERE i 2
Ve, HWOKAE TR H K5y, 7 A R ER PR
Ty, R EEASE T 110CHA RE 10 min
JE T ISCHET 2, R TP E (DW ), #& 8
FHALXITERE L R k= R FE/b -+
Y
1.4 T1EE DNA ZE

Al Hl DNA Kit {7 & ( Omega Bio-tek ,
Norcross, GA, E[H ) fEEASRIFEAM & DNA, H
1% 350 i W5 458 Ji5¢ FBL Uk s DU A 23 D6 6 VL (260 nmy/
280 nm YGE L) SEAT AU, $REUAS F Y
DNA KGRI , T—20CIR7FE A% 5 SR 56 1 .
1.5 #HRXEFEEUF

Tl ZREVER L BUAN TS 16S tDNA V3-V4
X 5 EH tDNA ITS1 X, DNA #EA 3% b 5t B 4 75
FEHBHEARAF, 405 16S tDNA V3-V4 § 35|
Y1} 338F ( 5'-ACTCCTACGGGAGGC AGCAG-3')
1 806R ( 5-GGACTACNNGGG TATCTAAT-3") '8,
HLIA ITS rtDNAITS1 §7 345|924 1TS1-( 5'-CTTGGT
CATTTAGAGGAAGTAA-3") #1 ITS2 ( 5-TGCGTTC
TTCATCGATGC-3') ", PCR X WitA R (EIKR N
25 puL ): 12.5 pL KAPA 2G Robust Hot Start Ready
Mix. 1 pL IEMSIH(5 uM ) 1 pl KA 515 uM ),
5 uL DNA (A H) DNA B4 30 ng), /i
5.5uL dd H,O #M% 25 uL. WS 95CHAM:
5min; 95°C7AEME 455, 55°CIB Kk 50, 72°CHEH 45 s,
28 MEFS (4B ) 1k 34 MEA (ER) "5 72°C HE
4 10 min, F/H IHlumina Miseq PE300 7 & I /5
FEM T, W AR T 3T e S 2 R b
& 2 L E E AW ARG Brhts (National Center
for Biotechnology Information, NCBI ) f) SRA

( Sequence Read Archive, =i I 7 58 i) = 2205
) BRI
1.6 HE\LEBESITHH

FIH Microsoft Excel2013, SPSS17.0 # {17
BARR AR . Geit o, BRI B ARfE 2>
k=, SR X ( Duncan ) &2 #2211 557 ( P<0.05 )
HEAT i 5 HT -

WA YIEEE MR, @it Tllumina MiSeq ¥ &5
17 Paired-end )7, T HLEHE Z4d QIIME( v1.8.0)
Bibidug . PR EBRiRA AR, KRR EME
T 20 BEEEBOR 5 |9 R e S5O 7 4 B2 /N T 150 bp
HIFH) . HR4E barcodes 054 4b BT 51 M5 BLR 2
T 4 2 i #RAE Jr 28 H0T ( Operational
taxonomic units, OUT ), OTU tHMIMEEE N 97%.
XFEE silva Bfi % (407 ) 8K nite B (H R ),
REEA OTU X R A4 Fh 4 25 B2, R
Mothur 24 ( version 1.31.2) #E47B/KEE ( Alpha )
ZFEHE BT (AT Chaol $8%0). FIH ST~ 00Tr
B, WEREARTEAR] 732K F N BBV 45 44 11 H
R & & Ak B,

2 4 AR

21 AEEEAXIABEHENREER

5% IR (CKO) AHEE, SEZUR =Rt AL Ak SR
AR (K 1a)), MRS (K 1b)), He
(B 1c)) MY ([ 1d)) 8% L7, Hrhafk
B (CF) AbFRRfE R fedy, Hk e R e mif
H-+AW” (S-BS) b3, Rfi#r bR E AR, Hafe
ACFRAESEA: KA 2 . B AEALEE 36 d, “REFF4 iR H
+LAE” (S-CF ). S-BS. CF AbHfym-4 & &8/l
X AR 29% . 33%. 42% (& 1b)), ¥RE /% CK
BTN 68% . 86%F1 88% (& 1c)), HAW o5k
CK 4111 392% . 709%7#1 842% (& 1d) ).
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MR R AR
Chlorophyll content/SPAD

20
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0 1 1 1 ]
CK S -CF S-BS CF
5o 1600 g a
a . P b
c 60f b I T = I
=W L
§ T s ééol 200
2 45 = =
2 53 :
N g
& 30f [T =z
iz =
-
® sl = 400F
= d
0 L L L 0 L L N
CK S-CF S-BS CF CK S-CF S-BS CF
Qb ¥ Treatments

H: CK. S-CF. S-BS. CF ZrBIE/ARAHIAL . /NEREFF ik HEE &40 (S-CF ), /NERFF &R iB M4 AT (S-BS) M4
wAIE (CF); #HF LEARMNG FRFERZFEH (P<0.05), TR, Note: CK, S-CF, S-BS, CF represent “no fertilizer”, “wheat

straw returning to the field combined with chemical fertilizer”, “wheat straw returning to the field combined with biogas slurry” and “total

fertilizer”; Values by the different small letter on the column are significantly different at the level of 5%. The same below

BT AREREAE T KRS /M (a ), e & (b)), B (¢)) AR T4t (d)) B

Fig. 1 Effects of different fertilization application on plant appearance ( a ) ), chlorophyll content( b)), plant height( ¢ ) ) and plant dry biomass

(d)) ofrice seedlings

22 AEBEEARKBELHHRELMMHFEF
sk

Bl 2a) Fizn, KRR RRAR 5 L B 2 Ak R 8] 1)
K, REH BT W CF AR, MMARE T
F%; S-CF Fil S-BS AbFEN, FHERMR S L35k 5 T
5 TR, AR 9IFE 12 d A 24 d SA R KAl ; 231 36 d,
CK Fll S-BS 4b B (A 76 HE i 3% = T S-CF Al CF 4b 2
(K 2a)). Bl 2b) Fisn, iR, KA
FATPERE (SS) SR BT ERE, BTEaba
24 d Wyt F SS IR IR K(E, H CK /Y SS & it
IRZ s T HAL ALY, HRGE S-BS 4B, M CF &b
FREYFERR T B SS & B IR &Ik, 4b¥E 36 d, S-CF
1 CF abBipyit fr SS 2w A% . ¥ 3a) FIE
3b) Fizs, S-CF Fll S-BS AbFH R If AR R N &

IR T CK Al CF 4bBE, o &k Hr o i ikt
AR ARP P & E RN S-CF # S-BS A3 T it
AR R P i = X IR CF Ab 3, CK it
FAMRRN P &2 B E LT 3 MGt sy,
Qb3 36 d, S-CF ALt IR AR P S5 T
HAb LB (& 3¢) FE 3d)).
23 AREBEEAXMERIEAFENERESEN

A

54 A CK #Hk, S-CF Ab B i) + 38 41 14 L
oo E Ak (P>0.05) (K 4); {H S-BS. CF
Jits A Ak BBE 4T 0 G R s - SRR AN R A, Bl CK
B 27%M 43% (&l 4a)); S-BS. CF jifi l4b 2
8 2 R I EL TR, 73 A CKOFEAIR 91% 11 39%
(K 4b)),
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100 1

0.6 1 b)
a)

CIREa e gy

Soluble sugar content/(mg-g 'DW)

M L Root shoot ratio

0 lIZ 2l4 ?;6 0 0 1‘2 2I4 3I6
Kb ¥R} ] Treatment time/d
Bl 2 AEGEAD S XK BERELL (a)) FiH A alEtEs & (b)) Fs2m

Fig. 2 Effects of different fertilization application on root shoot ratio (a)) and soluble sugar content (b)) of rice seedlings

—6—CK --#-SCF -—-©--SBS —e—CF

0T g 30 [ by

20 1

\
AY
AY
RO
X
\
\
\
\
\
\
‘\
’
7
’
’
=
B

R A
N content in leaves/(mg g 'DW)
o
\‘\
R
AY
1
/"/
/l'
1
L HEH
AR

A EL
R =

N content in roots/(mg-g 'DW)
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&1 % 'i B \: Y
w2 L7 @ T 2 2
8 ge
& 8 Eg
g 51
=1 =
5 8
a A
0 1 1 J 0
0 12 24 36 0 12 24 36

RbFERT ] Treatment time/d

K3 RIEEAE Iy XXk fagh it & (a)), B (¢)) AMRREA (b)), B (d)) SErysZm
Fig. 3 Effects of different fertilization application on leaf NP (a), ¢)) and root NP (b), d)) of rice seedlings

2.4 AEHEREF X FS 1 B4R bR i F0 B A FFAIT] (Bacteroidetes ). JAZEEE[ T ( Actinobacteria ),
S A £ 5T1] (Chloroflexi ), #i%E[ ] ( Cyanobacteria ), iz
ME 5a) B, 4 A0 s s 22 FFET] ( Acidobacteria ), e 1] ( Verrucomicrobia ).
AT TR E R . FEOHERTTA 11 JERETR | 1( Firmicutes ), #8€ /A I41]( Saccharibacteria ).
A, BRI, AR AIERE] (Proteobacteria ), 1 ZFEMIEET] ( Gemmatimonadetes ) 15 i 35K B - AR
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= 81 a) ~ 4 b)
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o b T "en a
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z ¢ I 230 3 I
o & T
HS ¢ ¢ @‘é
Er + wmT
£F 4y T z3 2 b
=8 mw 5 T
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“ -
S 27 Elr
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<0 0 - : :
CK S-CF  S-BS CF CK S-CF S-BS CF

Qb ¥ Treatments

K4 AFEBGEAL T O R REAR FE AT (a)) ML (b)) B pysm

Fig. 4 Effects of different fertilization application on amount of bacteria (a)) and fungus (b)) of rice seedlings

[T ( Deinococcus-Thermus ), &40, TEiX 4L F
AT TS AL, Hrb CF AP + IR IE R
T 5 4 76.87%, 1 CK (ANHEAL ) AYZSTE 14
I AL 60.88% . CF Ab B A LR B8 1] AR X =F
i 6.88%, i CK . S-CF . S-BS 2L BRAYS> 514 10.22% .
10.02%#11 9.23%. CK. S-CF. S-BS #il CF &b fiyjik
LT TTHIXTEE DN 5.47% . 520% ., 5.73%F
4.56%, HH CF AbHE A+ I & T TAHX = BRI .

CK. S-CF. S-BS HI CF Ab# i &2 5 ] AH X 32 B 4
WA 4.50%., 5.89%. 4.06%F1 3.12%, HJl S-CF 4bH
AT S BT, CF ARFHAYAHXT F AR 1 i 5
ITHHPETE CK AP R ARXS F ey, 183 7.56%, H
UOUZ S-BS 4bH (5.23% ), fLIEAFETR K 1.82%, 1M
S-CF Ab3F HAHX FEEACH 0.61%. Heim FRATH ]
FIAXTEBEFE S-CF AbBEF, B 5.36%, ffIK7E CK
ZMF, M 1.83%, i S-BS Fl CF Zb3F it 2% HAR
AN o PR T Y AR X T BE s BRI R CK

. . l =

2) 100 w H{Other

= Saccharibacteria

80 = Firmicutes

= Acidobacteria

= Cyanobacteria
Chlorotlexi

“ Actinobacteria

= Bacteroidetes

= Proteobacteria

MR ERE
Relative abundance/%

CK

S-CF S-BS
Ab ¥ Treatments

CF

& s
Fig. 5

= Verruc omicrobia

b) 100r
= Deinococcus-Themus
= Gemmatimonadetes
o
g

(3.92% ).S-BF(2.22% ).S-CF( 1.67% )l CF( 1.29% ).
JELRE DA I T AR =F B E2EAE S-BS 3o

ME Sb) F i, 4 A4 ab B iy s e kAs
4 NEBEITM A LW K. TERE
( Ascomycota ) f£ 4 NMEHPEEEHAK P R E
M7, Hoh CK &M T A EE R, 55
62.94%, HJE S-BS (57.49% ), S-CF Fll CF 4b¥f
B oA T ( 42.59% ~ 4521% ) . H T HE IJ
( Basidiomycota ) FAHXT F= AR T2 T, HHE
AEXT 2 B AEXT IR N e, T8 8 16.99%, HE
CF 4bFR( 5.44% ),S-CF £ S-BS 4b B A AHUL( 1.50%~
1.71% ). B4 H ] ( Zygomycota ) AYAHXT 3 i 5
WIAE CF BT, 5% 459%, Hikl S-CF
(1.74% ), CK ZAF T TRIAXN RN, 7
B 1] ( Chytridiomycota ) /& S-CF F# & EE T[],
FHXTFERE R 5.46%, HARM S-BS Ab#HE (1.2% ), CK
F1 CF A3 A XS =F B A%

= HAlOther
Chytidiomycota

W Zygomycota

= Basidiomycota

w Ascomycota

MR ERE
Relative abundance/%

CK

S-CF S-BS
Ab# Treatments

CF

AFEFEAL e A B (a)) IR (b)) T TR A RRAE

Composition and relative abundance of bacteria (a)) and fungi (b)) Phylums in different fertilized soils
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2.5 TEARFRMEFEREEM/RE ( Alpha ) B
4
WIS F B EEH] Chaol #8%iFen, HiE B
=, FRUBEEYIRNE & G AR R S Y
ZREVERRRE, HAEM S R A YA A AR .

45 7R, S-CF 231 S-BS 4L FRZN T . LA 19 Chaol
SRS FARIEEIIE T CK F1 CF 48 (£ 3), CF
AEPRAZETA Chaol F8%(E T CK, MidEF Chaol
TR THIE A CK; CF Ab 2 A4 40 1 R 2 1 1) 75 46
FEBIME T4 A CK (£ 3),

#3 FRELETBEARMERMRESHKE

Table 3 Alpha diversity indices of soil bacteria and fungus in the different treatments

Qb ¥R Chaol 5% Chaol index FARIEEL Shannon index
Treatment & Bacteria HTE Fungus 0 Bacteria HE Fungus
CK 750.4+15.2¢ 458.64+9.23b 6.79+0.21b 3.45+0.13b
S-CF 1046+18.54a 511.43+10.56a 7.85+0.53a 5.47+0.35a
S-BS 1028+14.32a 440.57+12.68b 7.92+0.44a 5.14+0.41a
CF 838.049.65b 334.84+8.33¢c 6.11+0.28¢c 3.25+0.22b
3 i1 i HEE BT “Fifre H-ee” e (K 2).

31 FEF. Bk, HIEEEX KBS ENREE
A
FEHEAKENC, N, P, KEEHFLE, K

PO AT F 2 24 A1 5L B34 ok o 90 A — 0055 A 3t )

FRBE P4 it , TR T RS AFBE RS I 1 A R RTE e

() TR B R A B BRSSP AE ), SRR AE R E A HL

HERE SR 7 — 00 21 FEFFR R )G, &0 R Hess

SRR, RMEMNEREE .. B

R, AR FAE KR AR B AR AR K OF A

EEIHIAR, N EZFF K HBERES T E #

Oyl - HEA R, 7oA Fe®' . HoS A EYIR,

BEEKREMR AR, MKRERTIIESEL, SR

KM IR RS, 7EKFE A B RTIRSFE

AR SE RAEDR S, MiEKEERR

W, FEFFAS B A B B AKORE A KA R B — T o

ARFFEERIALE R, AERANEERA T, &

B RN 309 4 AL AT b R K R 4 i AR K i o

B, HithmagRess, MktE. RRLXEFHE

T AR HUOR RS HHEWAR” bR,

MM T A3 R A 3 ) 41 i 2F 4 AR FH 2 B AR

FHAbRACA R (B 1), AR TPmER. gy

AAMZERTP I —2, MRhE SuSA, e

B REYIKFE LR B BE R R . BT Al

FEH P8 0 78 VR Ak B S 4R i AR e b, X AR AR K A i

32 FEF. B, WIEEREX TIEMAEYEERN

VB

AMFERM, SR, Ftfbita e +
e ARG N W, U AL A RS A+
HEECE (B 4), BEARE X ISR AR AR
bk, X HEUE TSR A2 SRR
Tt AR LG, TR 532 At FH AT 3G I vg =2 e R i 1%
P A R, e TIEAVUR SR, HR S S
B R R a0, 5 it LR A
FRIERCRA S . A3 . g, YW m T A
B, FEEKREFERL R Yu SR BN RN T KRS
FHIMAH, XA P B AT 2 5 m . 1
BREZMRIEE, AR TR, K—Bakss
+ 3 BRI AR TR . ARFIE W s
Y A A ELA Y 100 15 ~300 £ “FEFFHLIL R &
b PR - SFEA R AR T A AT A2, HI S
WA E = T AN IE AL (K] 4), “FhFF+
TR A i NE AL PR ) FLPR & ARG, A T
HATAT LB (& 4b)), XL R T L —PEG K
FH 350 2 e 4 T e 3
3.3 FEF. Bk, WIBEHEX LIERAEMETRE

370 % R R TR R

Wang ZEBOFSY F W], it AR 4 HE T Sk 3 s K R
M A A s, 3 A & WA R
( Proteobacteria ). #UFT &[] ( Bacteroidetes ), ZHi
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M B ] ( Gemmatimonadetes ) F1 J& B B []
( Firmicutes ) J=F& B, (HIEXT HIEAITE I 2 HE 1
TCREZW, TR FRIGE, B/2E Chao 1 184K,
TR S E R RS T EE .
i AR k58 2 B RALIE (45 & FEFF BB ) 14l
P 22 FEPE 2t 25 R T At N R 4 i it FH AR A A 2
i LB 7 A P8 BRI Chao 1 8%, ¥ AR AL
PRI . &5 6 R FF 09 40 I sk 2 it FH Ak 38 i) 7 Ak F
BOH Chao 1 $8EU M m, AHACAEE T %W
Chao 1 188 0 3 = T LICAL 3 (K5 ).
RIE BT ( Proteobacteria ) 2 4l I H i K —
1T, WREREZHERE, WMKBFFE. WITRE ., &
GLIRTE . AT JIRAT R 55 5 24 R 2, WA A AR TS
RIS, AEAR Z 0T DL T [ A SR B P i R 1
UNTE, JFREREIE N 45 Fh R 4 IR B ARBIF ST R
AIC T T TEEAS R AL PR AR FE EE R E] 61%~77%,
JeHIE CF AN, HFEREm (K 5), FnHEbk
AR ERSE (B 1), 52FFPIRHIRE RAE—
o ULHA R AL AL FT R LR R AT R AR, W
A I BRI S o ok RS . 5 1 U T VAR I
PP S5 R CIHAR] AT K R AR 4 1 o DT B
I"] ( Bacteroidetes ) FAHXTF= BEAR FATLH I, i
NE S REARHAR X F R, R A b3, DA R
IR R (1 R S ). ORISR st
W OE AN TR Z AR S -, SUFT IR T TR XS
FRE AR, T IAE L3RR S P 2 AT,
OB AMEEEE, LR EMEES
) B ST B RN A A =, TEAES RS s &
T AP, HAHGT R ) b ) 25 57 R B
(B 5). BRATHIT T NERR R , 78 T3 Uiy T
AR o ABIESE it F A IE (%) b BRFR AT B T T AR R
fExgEm (1’ 5), RATaeSEIE B - EmR L,
X - SR ERAT IR T A A KR B A R .
TR LIEAERRG D LS HEAE
W, HZrrS D EAHC . BRI
AR R B, (L SR A S A0 R R TR Y A AR 8 5
UL TR b2, EE AT AL (R 3 ),
T —Fh sl A ¥ b R i AR 287 I B AT AH B Y 2
HE, WAV 2RI RRAL, R AT AESs i A T
FERAS, IR A S RE DI RERE . i
T A T FH PC it T A B 4 7V T TR A b 5 b 3
N IEGA YR G 2 (£ 3), HELaT L,

FRIE M W 0GE T R, A AR A
KB T RAF AR IR s TR & (i A
PRFNETHE R Y BT, MG HLET . ZEdr L5
A H R EE DR,

4 Z5 &

FEFF L TR RO AR A A4 AL B R /K RS AR R 2R
KAR T et s, ([HRRF. Wil LGt
FHRACALAE XS 7K R 4l ) £ 2R A PSRRI .,
FORFEAT I8 T 455 TR R 0 2 AU NE AL 2
g B AL AL PR (AT FIA AL B ) A 3o
o PV TR e R R 2 R Rl e G T 2 1 R
AWRAR S . APFIEOCCTE T LR Y v ny B
AL, ARRAG XX T AT IRANE TS, SRR
JIE R i PR 30 B A 30 X0 - S Bl A U R T 2 114
HMHLE, 45G R IE H SR 2 R LA P
LA BT RE , RGP A L BT 158 K Rk
AT SR
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