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EXTRBAMARA R SFHIBECER G, B~ M7E OLR i3] 1.67 g/(L-d)J5 28 T F. &% m R =%
PRESE, 4HEE A TR 0 2 A PEFR AL OLR 3 . AEFFAIH BEM 8 T35 & 4 B0a AR FF 2Pkl — 3 rl4n s Al
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B AN T A 2 FEPE SR Bt BB R B W M VEA/TIC<0.8, HH =R KBS R I E T . bt
ANF CN PR 35 B T RRAFAE RS o HoH e Methanolobus zinderi %G 3SR A ML AT s Proteiniphilum
acetatigenes, Acetivibrio cellulolyticus N4 TS HIEHRH KA ME; Methanospirillum hungatei NFEFTFHIRIA
HIEH R

KR KA RBE BA; CON; FHksFk; BAEH

doi: 10.11975/j.issn.1002-6819.2017.17.032
hESES: S216.4 MRRRSAS: A

}EE, "B, FHE, FEE. SEAINGE TRIEFVRELEBEHFERMEYEE]. RUTIEFR, 2017,
33(17): 239—247. doi: 10.11975/j.issn.1002-6819.2017.17.032
Le Xiyi, Huang Yunhong, Ren Yuhan, Chen Liumeng. Anaerobic digestion characteristics and microbial structure of agricultural
wastes under gradient organic loadings[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the
CSAE), 2017, 33(17): 239 —247. (in Chinese with English abstract) doi: 10.11975/5.issn.1002-6819.2017.17.032
http://www.tcsae.org

EHS: 1002-6819(2017)-17-0239-09

http://www.tcsae.org

AR, R8I 52w AL R e A T S R S
SEUTAE RAH M e i s B, S8 B B A AR
RIEIRL— R BAT IE B VSR C/N (10~30:1) P,
Blan, FEIEM CON L8 12~14:1, FkEr= Kk n] 7
390 mL/g(OLR=1.36 g/(L-d))"; T KH3 1 C/N 18 30:1,
F 27 2] 35 361 mL/g (OLR=1.70 g/(L-d)) ), &gk
WRHAREFE, HEER{HEER, AYRIHEENH
FEr© % (537 mL/g, C/N=22:1, OLR=1.46 g/(L-d)";
401 mL/g, C/N=13:1, OLR=2.50 g/(L-d)) ®l. 724 C/N
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i = BN 5 R A T 2R 3 T i T A0 o) XUz DA B ARG 2805t &5 7 2
TR BB R, YRR S e R I . DAREAT
(C/N=44:1) . KE#E (C/N=67:1) . EXKFF (C/N=43:1)
N, HH R EREE, AN 134 mL/g
(OLR=1.48 g/(L-d)) "), 246 mL/g (OLR=1.49 g/(L-d)) ",
186 mL/g (OLR=1.64 g/(L-d)) . %5 &/ Kl

MU (4:1) POy EEDR, R, A
277 mL/g (OLR=1.62 g/(L-d)) o AHN {0 B R &5 Mt 50 i
RO H BB AR S EEK ON BT REMEY
AR ETE, KRG ESMA R ENFEE; C/N
. R SR R R B PR . eAh, FER
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2EOLE XS 2R A RS T SR TR ON, LIRS AR
IR SR . BT I, o i —4kh, 2R
AEVEL CN B — MR RA KSR RS, A
ARG RS RE, T B RE D I B R EE M. 2L
BRI R, (B, iR A
AU FRESIREREE; ShZ B AL &0 T
1) DR A= SRR B A VRV G5 8 R AR AL BRI 7T, LA
JAN[E] C/N Wk i) 22 S #r

NI, AWFFRBE S SEEE R RFTRH R
M55 4 Fl C/N ZE BRI R FIE R IEYIRL, 5 ik
1T — PR E SR ER BARGS, 7R M6 A ML far 251
T, FBHEAF CO/N PRI HP R TR B H 5%
pH. Z& (NH,-N) K. HERMEMRIR (volatile fatty
acids, VFAs) K. BkFREH: (TIC) #HELF VFA/TIC
SV NIRRT N iRk il i ke Xt R )
BEAR LR . DA, 3R A RIS B R = SRR I
el 2 J5URHE A R B SR BE B VR 40 B R B0 S il .

1 MRFREE

1.1 RBERESEM

HREM ) ARE BT R, BT e R
1 mm 25 a4t w0 E P8 A fOl R B ARl S H
ARV TP A a R JE A, TR R R 1 mm &
H s ZKHERS AT E E LTS 48 RNV R 2 Be K R it 7e BT ie |
B 5 i 22 1 mm 25 H s B S0 B VIV & ROl Rty
i &S WS M g, A ST LRI BRB B R AR
B TEERMEET 4 CUMEN ] 4 MOKBYIRH E
AREIER 1 PR, EAYEE A R T 2 i
UG IEFIBATREA TR R R (DURESEON R, JE
RFPEIER 2 PR .

F 1 REAIREOEARERE
Table 1 Basic characteristics of fermentation materials

" MERY 1R R .
Ra '“Z:f; s Total solids,  Volite ~ C/% N/% ﬁﬁcﬁn\g
w ! TS/%  solids,VS/%

%% Swine manure  20.86+2.07  14.53+1.75 7.80  0.60 13.0
SET T A
Fungi bag of Flammulina 73.33+2.13  6333x1.89 4334 1.83 237
velutipes
TEFF Rice straw 78.0042.15  73.00£1.93 39.57 0.60  66.0

HEN Sugarcane top  88.57+2.26  73.76+1.98 3881 032 1213
I SEIHHRE ISP ERHE R RO, TR
Note: Experimental data are expressed as Mean+SD, same as below.
R2 EMIRIEARRRE
Table 2 Basic characteristics of inoculum
_ AT SRR R B

\%:ﬂl g 71N
P;iﬁ::f; Total solids, Volatile solid,
TS/% VS/%

pHi  TIC/  VFA/
C/N  pHvalue (mgL') (mgL™)

(OLR=0.5 g/(L-d), PAERMEREAT) , fresfae)s (H
PERBRIIGREEES) IR KT RIS AR S50 B 7 1
.
1.3 HERES®IT

RIS B R BT IR BRI R NS, % E
9 A CREEFIG) « B (FBRIESARILE) F1 C (AR
ME) 3 M. Hh A BooRIgEHEE (Sweden
Bioprocess) 1] 2 L 38R K EEGE (CHUAFA1.8L) , &
AR A v R U R4 B T A
3 mol/L E AN LA BV S R Mk (CO, F
H,S %, W H BBmEE R A BR s & D 5 ¢ ot
K HHEAECSE e 0= AR (B 1D .

1-2

1-
13 [k
-

2\

AN
1-5 A B C

W A CAKRBESROG (1-1: #ERESE, 120 BEdkRh, 1-3: HRW, 14 B
W, 1-5: JK¥HD ; B CO MUK TT; C AT (3-1: M, 3-2:
KD

Note: A: Fermetation unit (including 1-1: feed hopper, 1-2: stirring shaft, 1-3:
bleeder valve, 1-4: biogas outlet valve, 1-5: water bath); B: CO, absorption unit;
C: Gas measurement (including 3-1: gas collecting bottle, 3-2: water collecting

bottle)
B1 REAEREENTE
Fig.1 Sketch map of anaerobic fermentation reactor

S 4 NRERBER Y ZSH, 2 VS om0 VS pe=
2:1 LN R AR CE &N 1.8 kg, TS i
L 6%) 5 T 1 RS RARBER N 2SS E, K
PHUEHE (1-3) , TSR (1-4) , @idseein (-0
[ 2N 2% FP B 30~45's,  DLHESS IS 88 9 B4
W PR R T I R E A s SR E i REBER T (A BT /KIBH
(1-5) W; £ 37 CIREKMEZ H BT 100 mL/d
Je, FRURHENTESREREEM B, BD a3 4 Fpg i
YRk CHEEM . SHra@a. g , i
(371 C) HLERA K. ¥t OLR 4358 1.11. 1.67.
222 F12.78 g/(L-d), VARTHERVEREMATE: 7K 745 B B[]
N30d, HEERLEERN 60 g (BWRHRIMEENE 3, |
ARIBKANER 60 g) o FFRIK 6 h Jatihihg 3 h Hidk
10 min (AZEFEAT @ N HE; R B 9:00 105% ik
s RERE 3d R B RS I pH. BREREH: (TIC) BlE .
A (NHy -N) IREFERMENRIR (VFAs) K.

w3 REBYRERME

Table 3 Dosage of fermentation materials

4 3-1 3-2

gz

5.34+0.98 3.21+0.88 10:1 7.94+0.06 3 413+232 230434 1 965+86

e TIC ARERBRIRE R IUY, VFA ARRIIE R VNG iR .
Note: TIC is bicarbonate alkalinity; VFA is volatile fatty acid.

1.2 EMPIREL
BRI IR ek RS TR R R T

JRESE (TS) AN 6%, MIANFEDEL 1%HEER, &

Ja CABE 3% O IR ORLTE IR A R B A% R kAT R AR T

AW S SEHER TErr HE
Organic loading ~ Swine Fungi bag of Rice Sugarca-
rate/g(L"-d")  manure/g  Flammulina velutipes/g ~ straw/g netop/g
1.11 13.76 3.16 2.74 271
1.67 20.65 4.74 4.11 4.07
222 27.53 6.32 5.48 5.42
2.78 34.41 7.90 6.85 6.78
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1.4 SHFE %, FH Quantity One 31X DGGE Eli #4770 47 .

ST (TS) WRIERERMEREIA (VS) WERH
FRm Bk et o R e e R VR A I S R A A TR
Ja R HE AL R « R pH (B 75 BURE f5 32 B R i
T i PHS-3C BYBRFETHIN 2 o KA IFE KR (VFAs)
AR S (TIC) )% K H Nordmann & i V2
(2552, KEGAE 4 ‘CHHEF 6 000 t/min B40» 10 min, HL
VEBGEAT R AR E . &AL (NH,-N) IR JE R 90 KAk
FIo e RS, JRmEE AR (D FEEEERRE, Kb
pH F& pH {H. KEEVIREIFIF=H 45238 )1 (biochemical methane
potential, BMP, B[l & BRI 58 i #5459 7
AR bR RR ) SR EREL BioProcess AR A K4 H
P e TR RS (AMPTS ID #EATE!

pH=9.26+Ig [NH ] (D

[NH, ]
1.5 BEERGHMSIRTEE
1.5.1 X B85 DNA 6942

RPRIE AR 3 —FasE, TEREEVIEHE 4 4~ OLR H
SRR 77 R AR I RN ARE A, B2 H 6 HRE A R
6-8mL KA T 10 mL ME.LE T, —80 CLRFE, IR
GER RS — AT IR 4 DNA $EE. Horb, o IR ZH A BURE
B (8] & Pkt N 8 PR R TR BT 1 de SRR B
fitf K iLEAT 3L 41 DNA $28,  HAR 725 WoCHr™.
1.5.2 PCR ¥ 3¢

PN % 94 E 165 tDNA [ V3 AJZX; 51¥A
518R  ( 5-ATTACCGCGGCTGCTGG-3' ) A1 341F
(5-CCTACGGGAGGCAGCAG-3") ; X T W, 51%H
518R  ( 5-ATTACCGCGGCTGCTGG-3' ) F1 109F
(5-ACGGCTCAGTAACACGT-3") ; 4R A b6 BF it
fE ik (DGGE) 7r##%, £ S18R [ 5¥mhn GC T
( -CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGCAC
GGGGGG-) o181,

RNARZR: KA Mastermix 12.5 uL, 5141% 1 uL,
FERR 2 uL, INEBKZE 25 ul. P 1.5%38 gk
LKA

SN A TR, 94 CTIARTE 4 min, 485 94 C
ApME 455, 55 CiBk 40s, 72 ‘CIEMf 45s, )5 72 CE
& 7 min, 30 MER; X T H B, 94 CHIAZME 4 min, 94 C
A5 1 min, 56 “CiB-K 37's, 72 ‘CZE{H 1 min, fJ5 72 C
{36 10 min, 35 PMEHF .

1.5.3  ZMABE B K

fE INGENY phorU- 2Dcode Universal Mutation
system 1T DGGE 4347, TRV BEI &R T & 7 808
8%, 2 BRI A vty TR 19 738 1A 7R AR P BBl 40 il A2 35%~65% i
35%~50%, TE IxTAE ZZififll (PR =5 AR R F
242 g N2 —JEDU 2% 18.612 g T 1 L ek, A 800 mL
B TR TN 57.1 mL YK 2R 5 B NaOH i pH
HE 83, MEETKEAZE LR, RMHM F, U
220 V HLJE, 60 ‘CHilH ik 10 min, #RJ5LL 140 V HE,
60 ‘CHEE FL Pk 8 ho MUK T, HHATRYRRER YLl 41

1.5.4 DGCE &4 &K BSF 7| o Hr

%4 DGGE BR324, VIR I T 30 ul
KEKF, 4 CHR, SRJEH 1 ul MEREET PCR XN,
SIIAE GC “Ie+7 A, RBIRAFRE b B EH 3G
DNA frEYIERaifb)s, %E#2] pMDIS-T #ifk I,
FHEAY 2 DHS o S S AR, TRide FE 1 ve e, 24T 16sRNA
M, &k NCBI (http:/www.ncbi.nlm.nih.gov/blast/), 3l
et )58 E bR B kg kAT L X AT
Shannon-Wiener $8%8( (H) EHARX (2) #HEH.

S
H =Y pi+In(pi) @))

b S AL, pi NS @ 56 R EEAE 5% 0KE i f 4%
H R AR SN 1 AR

2 HEROMh

2.1 AR BRIEE S

RIGLE R K 4 Mkl O35, S E . B,
HEEMD 1= BB 714008 387.448.6. 210.2+12.0.
269.0+£8.8 Ml 152.4+16.7 mL/g (VMERMEREATT) , %K
INHEFARIR N FEEESTE> G W AR,
e RN ER B HGE, TEF H R I R I
Ufo FEFFRIHBEM AT gEsS BRI, B4R AL
ARG AR AR TR OE, RS
IK AR RR AT R B RE , N2 B O/N, SECEATHIF H b
WK TSR . ST 45 R A B PR AR I R
7Y (LAORIE. ke, 2S5 AT , BAWAEH
REREEN C/N (23.7:1) , (BRI KRR P FE
TREMAYERZMA 4R, BUEH TS KT CN
(66:1) HEEFIFEFF. XEB: Bk C/N 4k, PRI H
W EZ YRR PSSR R R .

2.2 B—YIRNNESKE LB
2.2.1 4FFRE C/N Matay = F st T AL

H 7= B b e 1% 22 IR S R I I A2 — AN
bR, REW8 EDULR WK BRI = S P ERE . W& 2a WA,
RS RARBER N, 4 Rk H 7= B e i 45 b
OLR [PIss 343G in: 4% K/ANHEFF R IO IE 36 > Faft > 4
Eras e >H . Hod: BENRET SRR,
Xf OLR Hihnma Mode; s 3 kb H iz B b &k
OLR {38 i e i i HLI 2% -

FRGE 2 2208 0 T o T RHE B — R 46 T 1™
HGeae /1, Fr= Bl it (FFR BMP #43) 1]
JRRAE 2 BT A 2% A T 0 72 BT D IR R . ]
2b F7R, 4 FPPUEHE R G Sk R INHE R AR O i 35 >
FEFT > &5 25 > H e, 8 SPASS #:%t 4 Fiiy
BHEAF OLR B B e 7= Fe b 47 22 e e o b el - (O
F4) , B OLR IEIE, AN[E C/N PR B ekt 1k
BREAH S Hob I F R RIS 2~4 4 OLR
R EC B R B R B, BMP LR H 94.48% %
% 85.83%; FEATLERT 3 /> OLR f FH b= R TG B 2 AR A,
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{HFEZS 4 4 OLR B, HGEr 3 £ E, BMP L% 4
i 79.78%% & 65.24%; 14T 46 0 5 H BEHAEEA KR

~2000p =~ HEn-Sugarcane top 23.00
T | goo} it Rice straw

= — LR} fififFeed loading
E 1600} —— %21

N
93
(=]

1%t Fungi bag of Flammulina

E velutipes

5] pes o000 .
IH -5 1400 —o—J# 4% Swine manure 2
2.2 1200} %
= 21000} 200 %,
Ao &
g 800F Povuod E

5 600} . 3

g ots o 1.50

= 400} o p oty » OoOoo e 0O

8 200 faBR S oo

o~ . . oy 1100
0 8 16 24 32 40 48 56 64 72 80 88 96104 112120
I ) Fermetation time/d

a. AP RN IG

a. Change of daily methane production

FESIA], HE P SRR T B M 22 5%, {H BMP bR
AE, BRI 70%.

6001 13.00

OLR/(gL"-d")

8§ 16 24 32 40 48 36 64 72 80 88 96104 11212
R i ) Fermetation time/d
b. FAE FGE S 3R (1R A A T
b. Change of methane yield

B2 AR C/N 4t B = T8 Ao oA 00 7 R 1] 6 AL
Fig.2 Change with time of daily methane produciton and methane yield from different C/N-contained material

#4 TR ON YR TRES F BMP #%"

Table 4 Changes of average methane yield and BMP conversion rate from different C/N-contained materials

OLR/(g(L™d"))

¥kl Materials

111 1.67 222 2.78
e P-4 F 577 2 Average methane yield/(mL-g™) 377.8+15.5° 366.0+9.0" 346.13 .8° 332.5¢17.1°
Swine manure BMP 1k BMP conversion rate/% 97.52 94.48 89.34 85.83
SRR I % Average methane yield/(mL-g) 142.1424.9° 131.2415.7° 139.6+4.7° 143.543.7°
Flar:rlrt;lgiizzavgeifnpes BMP #4t.% BMP conversion rate/% 67.60 62.42 66.41 68.27
FEFF P HE RS Average methane yield/(mL-g”) 219.5£10.3° 211.2428.9° 214.6+6.5" 175.5+7.07°
Rice straw BMP #1£3 BMP conversion rate/% 81.60 78.51 79.78 65.24
HEn 45 FR 4577 2 average methane yield/(mL-g™) 106.1+17.7° 89.6+12.1° 102.14£12.5° 91.8+4.6"
Sugarcane top BMP #44k.% BMP conversion rate/% 69.62 58.79 67.02 60.24

T REMATN 005, 77 PG RO YRHEARR OLR FHIF b= RIGFIE, “77 BMP B3 RHE AR OLR F ¥ 14 8 F e 7 52 5 HL

BRI (LA, SRR R R TR E R ER

Note: Significant difference value is 0.05, “*” average methane yield is the average of daily methane yield under different OLR, “**” BMP conversion rate is defined as
average methane yield of material under different OLR against its methane potential (in percentage terms), the same letter in the table shows no significant difference..

2.2.2 7R} C/N 4t pHAA. NH-N. VFAs #= VEA/TIC ZAL
pH ffi. NH,-N. VFAs il VFA/TIC %345 KA

AN SR AR A A [ i B DDA O o AR LR IE SCHR
R A E S B IRME R 5 Pis.

%5 RELMSRRELRES"

Table 5 Stability limits of anaerobic digestion parameters

ZH ZHGEH VLA
Parameters Range of parameter Tllustration
pH value <6.5 (MFsE)  6.5~8.0 (Faw) >8.0 (Afas) -
£ 3 000~5 000 mg L' i, AEEHFERE SAKE SE TR, B — MR
- e by 9 .7 T, TEUVEE AR SR KR AN AR E  Hun R B R
NH, -N/(mg-L") <3000 (F&5&) 3 000~5 000 >5000 C(SZE|H0H]D SR A BRI, Hik B CAE R T B AR, T4
ARG AT DAL TR IR .
1 - g S 7E 1000~4 000 mg'L™ I, KEEL RS E 5 A KaE A AT AL, FARMRIEARE
VFAs/(mg L") <1000 (FasE) 1 000~4 000 >4 000 (AFaE) R RS 5 0 e
VFA/TIC MR8 E IREBIR T RS LRRAM L., Rd MERERE,
VFA/TIC <0.3 (Fase) 0.3~0.8 >0.8 (Afase) iR A s XA R E FRAE AEAN R VA R AR 2 (] R = 7T e P A o ik

ATVAGN RS 0.3~0.8 A& ERIE SCHR A VEA/TIC $ K ha e (8 H B30 il

w3 FoR, ANFEENZ R R R E R 2
5, H ON ER B 4 NSH RS B pH E
15 7.5~8.0 [HEBh41, 3 REFIN VFAs Rl NH, N i
FEXIBE OLR #3gmisgm, Hrh: VFAs #EEF VFA/TIC
HifeRa e JE B A AR L NH, N IKEENIZESS 79d (35 3 4
OLR) WiA%] 5235 mg/L, AT 5000 mg/L (FaES
FWRME. 253K (1D 7TE, RS IREL R

308 mg/L, #2200 mg/L (Liu ZEHA KT 200 mg/L )
TR EIREA R T REKE) 1 1.54 %, (G553, 44
OLR iV 15, X5 H G- R pE 0
T BB AH BT REAIR DU 3 2 L ERL A
ATAE, REFFERO R MR B — 5 i 22,

fEHAESE 4 > OLR NAIATREII 85.83% I e 77 4=
-4 B ALY VEAs W AT VFA/TIC B OLR 33 i 4 i,
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pH {HF1 NH,-N W EENBE OLR %1 2 R &, H4 4
SR TR eV A, X R BB s SRR A S AR
FE R R BRI . FEFFRH M VFAs 3RE K VFA/TIC

HAES 4 4 OLR IN¥/NF 6.5 e {E R, #BH VFA
I EBEE T KERENENEE S, KERGHIGRL
DU, 1% R FEAT I H e 7= R AE VFA/TIC #id 0.8 J5 8

G OLR i34 RIS I&Ss: o pH ENHZEH M, I B TEMTEEER.
. 8000 1
2.00 | 300 —O— [ 0 Sugarcane top  =0=7# 3% Swine manure 500
8.75 1450 7 000f =a=FiFfRice straw 50
4.5 T S . 4.
8.50f — bk fifFeed loading
825, o] 400 0000F o 4 4t P AL Fungi bag of 4.00
2 8.00 R 13505 Ts000 Flammulina velutipes 350 __;
§ 775} 202 3.50%
= 750} {3005 2 4000 3003
a 2 &0
a 725F 12502 £ 3000 250 2
T 7.001 s =
675} 4200 2 000 200°
6.50F A
: XS 1.50 10008 1.50
6.25T i A e, e
600 L 1 1 L 1 I L 1 1 L 1 1 ]OO O 1 — —tl 1 L P M= A P A St A A A S A ]OO
0 8 16 24 32 40 48 56 64 72 80 88 96104 112120 8 16 24 32 40 48 56 64 72 80 838 96104112 120
R 1] Fermetation time/d I ] Fermetation time/d
a. pHAH AL Bt b. NH-NI#H A 10
a.Changes of pH value b. Changes of NH-N concentration
1200 =o={| jiEn}-Sugarcane top 15:00 100r =o~ [ J#M-Sugarcane top 3.50
= FifRice straw Aol 4 50 090 =o=FiffRice straw
1000F — #EflfifirFeed loading B | =R fiFeed loading 300
_ =2k} 1 1440, Fungi bag of o4 1400 080T —p= 5| 4 [ {UFungi bag of A
800k Flammulina velutipes =) oer = 070 Llammulina velutipes R
& —O=f 4% Swine manure 1350 | —o=J# % Swine manure 2507
£ 600 A S 060 T
- 1 4 g I )
2 N/ AN 3400% 0501 2002
~ 400 1o o P H ..‘:.::- -2,506] >040] 2
o Y AW/ 12.00
ol § 030] X R 1.50
. 1150 010 feeages :
— g 0 s pen = AR atiine-/ AR PP
8 16 24 32 40 48 56 64 72 80 88 96104112120 8 16 24 32 40 48 56 64 72 80 88 96104112120

R WEN ] Fermetation time/d
c. VFARAALHE B
¢. Changes of VFA concentration

K I () Fermetation time/d

d. VFA/TICIFZE ARG
d. Changes of VFA/TIC

B3 TR C/N ey R KB 1 AT 10 A

Fig.3 Changes with time of anaerobic digestion characteristic parameters with different C/N-contained materials

2.3 YAEEEEWO
2.3.1 4\ DGGE ik B 3§ A AF AL 5 5 71| o0 HF

DGGE K#rp 4 I H g SOEFE 0 B e 1
FE G R RCE DR R 2 B . B B RS AN &
REBIEATEDR AR BE, &8 H KR g S5MAmm
RS BARNS & B IE b, 38 I I AR B B, o] LA Y
AR AR IR

W 4 Fros, 4 Fhmehan v o) v B 4 7R IE 82 IR A
KB R IE A ARRF . 53 AN, 5203
Vo £ M TE 2 T o 2 P (R 4R R G s, 00 3 I R 2 B b
WL DIE 2 N JEORHTE A TR, RS O E N T
REFEEMIEIEYRL AUEE OLR 38 hn G ik 51 42 1
SER 0 B AR A, (H 2 5]k 3 B 34 I T AE AR SR
F & LA AR R, ) R TE IR B R R R e AR BR A
JG (55 4 /4~ OLR) MZR4k i NI, X 3R 0] E B4
S T A 5K S A 1) 4D 8 8 L E R O S T R, A 3
FhRL ) B RESE AR R B FE P AL B, OLR F3Y
TASAS 2 267 37 0 2% 5 T L 25 B0 35 4 B8 F) A 2R AR
X a2 Ak, Hob e S AT A B A
TESE 3 > OLR Ja MZRAL AN K, 1 H 8 o 0 e ) 2 22
e 35 20 T ) A Folt 28 R A B B AN B 2 AR DLE B R
OLR 38/

123 4567 8 9101112131415 1617 1819 20

ihifis !éi?
o TN EEEH H L E
M

LR

it i

e 'S 1~5 AGETEHE . 6~10 AH BN 11~15 AEIE. 16~20 AFEFT
BEARKRAR 2,7,12,17 9 111 g((L-d) )7 3,8,13,18 24 1.67 g-((L-d)™")H s
4,9,14,19 49 2.22 g-((L-dy ") fitdis 5,10,15,20 9 2.78 g-((L-d)")Fitfis 1,6,11,16
FINTERAE, T H. A~K NS .

Note: 1-5 are samples of fungi bag of Flammulina velutipes, 6-10 are samples of
sugarcane top, 11-15 are samples of swine manure, 16-20 are samples of rice
straw. In abscissa 2, 7, 12, 17 are 1.11 g:((L-d)") load, 3, 8, 13, 18 are 1.67 g(L-d)")
load; 4, 9, 14, 19 are 2.22 g-(L-d)™") load; 5, 10, 15, 20 are 2.78 g-(Ld)") load;
1, 6, 11, 16 are control group; same as below. A-K is number of band.

B 4 #m¥ PCR-DGGE wik B
Fig.4 PCR-DGGE electrophorogram of bacteria
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At ai ik . %7 C J8 TR E & (Clostridium), &
PR, WTRLOM R UERy . 2R 4E . 0 % B8 i IR AN Be
B, AL GRS, EARRERIHA 4R X2
TERE AR TR P 4Ry e R ) R B R R . 2% D @I
i ARHR IR R 9N ER J& (Dethiosulfovibrio), iR, FE K
LR 20N R Eh A BE A R 2201, H R x HR 40 e 1
A, (AEHFNIES KB EEHE L. % E 24
R TT—A8E, B NEFETURY I 5 B3RS,
etk R, HAPRINED 1583 R T 1400 5
JE et o sk F RT3 5 VK & (Prevotella), W& f#E H
PR R, TEAEN T AL H O MR RS AT 0 R B Y
BRI, XGRS R RS E SR
KI5 LK & (Prevotella) 14518 — 3. 2k G MR
e RBEINE, BT ESINE S (dcetivibrio)™, 5k IR, B&
fRAUER MR, FEX K B IR P I B A L
TR 52 AR T RE 7. AR H IR 1 /\DUE?%@&%UH@
18 J& (Carboxylicivirga) F1 2 W& e K J& (Treponema),

2 KERERAEL, (RiEEr 25, ﬁ*@%ﬁ%%ﬂ
PR,

#* 6 DGGE Bl AEIFHHF LI EER
Table 6 Sequence alignment analysis of DGGE spectrums bands

BaS

K .*E.Mﬁ. Accession . *EM.E:
Band Similar strains number Similarity/%
A Bacteroides gallinarum NR_041448.1 92
B Bacteroides finegoldi NR _041313.1 92
C Clostridium caenicola NR 126170.1 95
D Dethiosulfovibrio salsuginis NR 116429.1 94
E Sunxiuginia rutila NR 134207.1 93
F Proteiniphilum acetatigenes NR_043154.1 95
G Acetivibrio cellulolyticus NR_025917.1 98
H Carboxylicivirga taeanensis NR_133715.1 90
I Treponema azotonutricium NR 074168.1 94
J Anaerobacterium chartisolvens ~ NR_125464.1 94
K Bacteroides clarus NR 113065.1 93
2.3.2 A WA Z AT

Shannon-Wiener $8 30 (H) & Wt T 40 H FE 2 M
AR EE Wik, WK s Fis: BFAFRRHEANT 2.671~
3.396, WEEEMFEEANT 2.668~3.198, HEEMIEHAN
T 2.147~3.020, &M #EHBMTERN T 1.922~3.394,
Ko 2510 2 REVE 8 B0 HR AL A HL 35 AN R R B 1) R B
HPBE OLR #3 2HeERMIME: XRMUESE 1 4
OLR B, 4wl K 25 A A M 2 1 (R BUR R T
3000 mg/L) IR, ZREPEIREONE T, Al TR
TR IR B K Ak 200 T TR TR 523 L A A I
HARZREIRE, ZAEEFREURITE; HAE S 4 4 OLR I,
R S R R P R e o e PR AL, 4 Tl T 52 B4
ZREMERR B IRV . ST 45 T A 1 2 AR SR B A
OLR I8N, XRUEE K C/N AMUA TR &
Giikase, WO MGG T RIFMAKHE.
FE W FOFERT (1) 2 FEPEFR S0P & OLR SB3g Mg m, (A
4/~ OLR J&, 4HT g AR H] 5 8da £ub vk -

S 1 R

Shannon-Weaver index of bacterla
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B 5 4@ 49 Shannon-Weaver 454%
Fig.5 Shannon-Weaver Index of bacteria
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Xof M HR LR R I A, MR S oy B B R AR A UK
JERIEEEIE 5 000 mg/L 5 E H 1IE MR %E . S35 e
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g 5 AL R 2, i H A R R
FFR & AR A TRk, F Wl 1 1R B IEAE AN
TENIRL OLR I3 o FEAT AL (10 T A 45 440 5 56 HE LA
PRt f R, ANTERR T8 34 i, i LS e 2
miﬁﬁﬁﬁifﬁ 2 R e AR BT 2K

4 5 6 7 8 9 10111213 14 15 16 17 1819 20

III! ||| iu‘

: a~n NS
Note: a-n is number of band
B 6 +# PCR-DGGE %7k F#
Fig.6 PCR-DGGE electrophorogram of archaea
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R R B[R] B OLR i N IR Hss; 2571 b /£ 4
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1
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FEE G PO, oA 2 e FEREFT AN HBE I (VR IR
HIH I ST CAESET T TR mHANFE AT R TR
BRI, HAES R i A e i) A i b LB BE OLR
T TR S P s Sy k RETE 4 MR K BRI T
PRI, ARAEH RE AR rh () S5 T . AR B
. JOBLIN 25U 2 A5 isgi B R B 13k 3 M@ IR
YT, HEMNX 3 il B HOROE BT AR RN IR R
f#. 4) % n & T H R J&(Methanospirillum), 13 ™
B REE, NAE FRB H B S, (EREFT R AR R
. 5 & m BT HIZEWEMethanosaeta), Wiki™
IRE, NOREFRMHEE T, LORRAIME—REVR,
R CH, Al CO,, LA CO, ALK M BRIER
NEE R H R AR E SRl R R
Bty fERERRFI . REFFPSPI e R,
AR K PV R JEURL I PRARUR I e IR 44 3h 488 S T 35
BeAS I 2] 52 22 B4 I8 (Methanosaeta), ENFLAE E & 44
IR IR EE A B R E AR . 6) kil g BT H
it & (Methanolobus) » i ™ kIR, HI& pH N
6.50~6.80, JyHIREE IR F e ot g, R R R
&y (e | HESEEY) iz, %,
ZHE MEERASY (HRE. W) 2T
A7 CHyy BB ONIR ISR BRI MBI T. 7) Kl
d N Methanomassiliicoccus Iuminyensis, &M NARIEF 5
BIHIER 3 AN G R, R RRAE Hy RS R A
CH,, BRI Fe i 1058 7 AN H BT, g3 4
B R L R R AL T, T AE AR AT A R R
P AR R R k.
%7 DGGE EEHRARIZRFHFIIELXILER

Table 7 Sequence alignment analysis of DGGE spectrums bands

i ALK HRT AL
Band Similar strains Accession number Similarity/%

a Methanobacterium palustre NR _041713.1 95

b Methanobacterium petrolearium NR 113044.1 75

Methanothermococcus

¢ thermolithotrophicus NR_044720.1 7

d Methanomassiliicoccus luminyensis ~ NR_118098.1 85

e Methanococcus maripaludis NR 118369.1 83

f Methanobrevibacter smithii NR_074235.1 77

g Methanolobus zinderi NR_044558.1 78

h Geoglobus acetivorans NR 116582.1 78

i Methanobacterium subterraneum NR 028247.1 99

j Methanobacterium ferruginis NR_113045.1 95

k  Methanoculleus hydrogenitrophicus ~ NR_116881.1 86

1 Methanobacterium kanagiense NR 112749.1 98

m Methanosaeta concilii NR 102903.1 99

n Methanospirillum hungatei NR_112982.1 99

2.4.2 TmBA AR LU

W 7 fios: &ErasE e a1 2.254~3.139,
HEM N T 2.589~3.394, HENEHENT
2.400~3.070, FEELAEFFIIFEEN T 1.763~2.860. H .
FEAH T E 2 REEIRE RO BB 4LAH L 38 AR (R R
[N F%, HBE OLR (1 2 /a3 5o iieass, X 500
1) 2 FEME SR AL AR AL AR, R B AR I SRR
P ok R FIRE 2 3 T I B A o S B A 2R
PEFR B OLR M M3 . FEAT 022 REE 48 507E K
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I P 20 A 1k ) S S0 D R, R B T TR O
RAALCRLRI R, XU K I R G AN A BRI 1
T RS AR -

$3.50r
2325}
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=g 200]
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5 0.50H
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B 7 +#49 Shannon-Weaver 454%
Fig.7 Shannon-Weaver Index of archaea
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Anaerobic digestion characteristics and microbial structure of agricultural
wastes under gradient organic loadings

Le Xiyi', Huang Yunhong', Ren Yuhan', Chen Liumeng**

(1. College of Life Science, Jiangxi Normal University, Nanchang 330022, China; 2. Institute of Applied Agricultural Microorganism,
Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China)

Abstract: In recent years, along with the rapid development of modern large-scale and intensive agriculture in China, the
output of agricultural wastes shows a rapid increasing trend. Some objective reasons (the lagged development of resource
utilization technology and equipment, the attributes of property rights of agricultural wastes, the difficult government
regulatory, and so on) lead to the extensive cyclic utilization and even direct combustion or arbitrary discard of
agricultural wastes, which has caused serious harms to the rural ecological environment, agricultural production
environment and farmers’ living environment in China. The preparation of biogas through anaerobic fermentation is a
high-engineering technology for the energy-oriented use of agricultural wastes, and the quantity, species and activity of
anaerobic microorganisms for anaerobic fermentation, as well as the fermented substance are the key factors affecting the
efficiency of biogas production. C/N, an important character of the fermented substance, can directly affect the
metabolism of microorganisms, and also can affect the methane yield through influencing the transformation of carbon in
organic matters. In order to understand the effects of gradient organic loadings on the anaerobic digestion characteristics
and microbial community structure of greatly different C/N-containing agricultural wastes, the author investigated the
performance of methane production and the changes in microbial community structure of anaerobically-digested swine
manure, Flammulina velutipes fungal bag, rice straw, and sugarcane top in continuous stirred tank reactor (CSTR) under
gradient organic loading rates (OLRs) [1.11, 1.67, 2.22 and 2.78 g/(L-d), being counted as volatile solid]. The results
showed that the daily methane yield of the above four substrates all increased with the increase in OLR, but their methane
productive rate and microbial community structure revealed different variation trends due to different C/N ratios of
substrates. Among four substrates, swine manure with C/N of 13:1 had the highest daily methane yield, and its bacterial
and archaea community structure was similar to that in the control group; whereas due to the increase in OLR and the
enhancement of ammonia inhibition, the diversity index of bacteria and archaea increased firstly and then decreased, and
the methane productive rate decreased gradually when the OLR reached 1.67 g/(L-d). Because Flammulina velutipes
fungal bag contained a suitable C/N (about 23.7:1) for anaerobic digestion, it had a relatively stable methane productive
rate, and its diversity index of bacteria and archaea increased with the increase in OLR, but its microbial community
structure was obviously different from that in the control group. Rice straw and sugarcane top had a higher carbon content,
with C/N as 66:1 and 121:1 respectively, and their community structure of bacteria and archaea changed obviously in the
anaerobic digestion process. When OLR reached 2.78 g/(L-d), due to the acid accumulation and VFA/TIC above 0.8, the
methane productive rate of rice straw decreased obviously, and its diversity index of bacteria and archaea also reduced.
However, the methane productive rate of sugarcane top did not decrease obviously in the course of anaerobic digestion,
because its VFA/TIC was less than 0.8. Furthermore, the substrate with different C/N had effects on the formation of
specific dominant microbial species, and it was found that: Methanolobus zinderi was the specific dominant archaea
species in the digested swine manure; Proteiniphilum acetatigenes and Acetivibrio cellulolyticus were the specific
dominant bacterial species in the digested Flammulina velutipes fungal bag and sugarcane top, respectively;
Methanospirillum hungatei was the specific dominant archaea species in the digested rice straw.

Keywords: wastes; fermentation; biogas; C/N; methane production characteristic; mircobial structure



