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H KRR K E R TR AN PR R T R R B R
XF, ERE ", TAES, RET

1 FEO AR SR A BE, T P TR A SEH0EE, 15 MIaT 210037;
2. hEREBE R A S WIABT TR, WA S E R SR, TR BRU 210008

FEE . @KW (700 d) MENBRBISE, B RLAIUKIEY——SKMR 7% ( Potamogeton malaianus ) EANFRITREETT
Brhr Rl AR, i 454 SERERR il P O IR oY 1 I AR TP U R A AR Ak . SRR . A HLTE 0~8,
8~18 1 18~28 om MULF PGB 49.6% . 40.7%F1 38.7%, WAk bt VR G ININTBAAIG s (ORI L AL
W, JEEERT (LFE HA 1 FA ) St ME DU IR B g, JF B 18~28 om AL JEFE I & 3940 i 2 = T AR
Frig (P<0.01); Zid BRI %, DURRYI T A IUBRE N G BEfFA LT (LP) AL MEREfA LS (RP), 5K
HIAR BT Z ML IR, ISR AT T . TR 2K R E , W TTR AN L S IR AL 420 B A
[d], ¥ AZIEH] (Proteobacteria ). AT ] ( Bacteroidetes ). £¢Z5117] ( Chloroflexi ). M2JEH ] ( Spirochaetes ), JERER]
I"] (Firmicutes ); MJEMTZIKERTE, SOUHGRTIEYM L, YHLERZRIZTTRY PR R 2 A B ol As, (8
WM Flavobacterium, GOUTA19., LCP-6. Crenothrix, [H2YML/GIRIZUIUFRY) TR E L L5 KA B2y, FEDIRE
M A E, s TEGERT T A IR IEAR Treponema, TF 8~18 1 18~28 cm KT A S50 7.4%H1 8.8%, AT

FEETE KA BRAATE DT Hh 0 U e LA A & 8 IR AL S R 2 A BRI 4 S MR
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TR EAR, 70%0A R E KA, JUH
ERITH R, SEEKIFEIC 2 m 224 (R 1A,
2002 ). SHIKEAMEL, EoKMIA AL KK EA
R EK-DUR L AL, e BRI,
S ZURI B K+ B scHe, B AR
A (Nixdorfetal., 1997 ), #H4k, WA AIKAH
YIHEIAE S RGN BB G, BT kg
A CAESCE S, 2011), HH B4 T KREERY
Ji ( Holmroos et al., 2015 ), XLEe/KAMEYT )G,
KEB AR AR DU B R IZ DR T, R HIF
FEER KA IA TR ) Hh R 0 % R 1 o it 2 A el R o
INEBINANE R B 58 BRI R . EYUTRE
EERIME A EREER X (Lietal., 2013),

IRAE AP AN BE F2 22 2B A N, AU
R PAFERMATE, H, KRE 544
R4 R SN AN 25 5, Dind

RIE BRSBTS 4R, U T RE R
[ ( Pettolino et al., 2012 ), /KAFAYIRIEEHI ST
HARARXE LI i, T H ot e 4%, E2f4E
HLA LU BT 5 r A BRI 22284, il
TRAT AAE LKA . B o B nT s A B
FIZ B F . TR R A2 DL
Tt (AEYIANME P ) LUK LB AR B S Ak
(Brinson et al., 1981) &%,

DU oK A MY R IR R R Z 2 R R
M, PEAnFRIARA SR (BRAM & 45fmE . B
AR BUm 4 ) (Cornwell et al., 2008; Lietal.,
2012), HRAMESM (HREE . pH. A . K
EFRERURE | BEKAE) (Li et al, 2013) DIJfiA:
YiTE iR (Gudasz etal., 2012) 2, HifdY
XSS L ) R AR 1) I i o R 2 B I i Il A 215 110 2 Rk
FHE SN A R 2t BT R BRI R SR A A R
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WA TR, FEARRANE . B ik
W, R E A T B A A 4 R g
J1, TEVRHE R G b A R AR AT R A R [ i %
X BB A W i 8 38 A [ Ak FH A A A 40 e B
Z W) i A Pl (Buesing et al., 2006 ), 555
I, HETROKAAE Y W i O A Ky, (B2
XS ZAE Th FARR S MoK A MY b, FFHZ
B D VWA A AT ) R TUES 3 X /K AR 1 i — IR
TS AT (Lietal., 2012; T4, 2012),
1M 2C T HAETURRY) Hh 0 e Ak o 78 B A W B v 44
¥4 7 TH I

AHIF 5 18 B K I —— K W AR 1
JEE XS RV I S, G T S
B IR ARTE DR  H 0J 2  fidt, WFE B A
T AL A S A RV S5 R R AR AR 0 o
1 MR ER®
1.1 HEXEHER

TR G T A T i X3 44 1 R AL R K
WA, SR AR T 280 BH T RN J 18 %) 2 ) 265 — KRk
WA, T2k 2338 km?, VKR 1.9 m, K
TKRZI R 3.4 mo KEFERKH . FHE . 50
T MEEE | AT R, PR R AL
TS K R ARG, KR B T RUER, £
YRR EEoKAe, BT K& BB ™ H Y
WX (Songetal., 2013; MI4HEE, 2007 ),

1.2 HRRERREIZIT

g3 B R AR KW L BB X M TR X
(N31°22.651", E120°14.924") fy/KFEFIZRZDIR
Fedh, HodhokkE 0.45 pm JERE DL E Y 1T
FIRESIRS, Kbrade. DSedeSE4em, WKl
UUBRIRE A 4 CUKFRTE R o 53 A REE I H
VLK M Y — — 5 kR ¥ 3% ( Potamogeton
malaianus ), WT, ¥, i 100 HiGREH.

SEG R R A ML RN A, AR 12
cm, 135 cm, BN 4 L, BN TIIA
1600 g JRUCAAI 48 g AbFH S B hoR AR 732, M
AR AR DR el 3% (T EE/THE ).
DIRY R YRR T /IR S E A 1 L AR a1
WA EAEK, W Scaedl BRBe, ARSI R AR SR
Weah FEKF S, DEHBE AT MK /NAIR . ASSE5:
A 3AEE AN R, VA AT
AR, SEEEEE T 25 CiREiafr, LRiafT
WA, JFHAEN 3 DR, NUTRYIRIZE
TR 8 em. 10 cm A1 10 cmo
1.3 AR SRNE
1.3.1 BAMH (TOC) &9l

TOC 15 &k FH A PR B - VA2 ( Song

etal., 2013 ).
1.3.2 JRFE S egm 2

ARSI 32 B0 5 JE A T A R (HA )
BHR (FA) BRhdl sy, M5E kS RISt 2s
(IHSS ) FIFRET¥E (Hong et al., 2010), EL{AM
FEWTR : FREBX T i iR e, 2.5 ¢, AL
mol-L'HCI i pH 153 1~2, FANA 0.1 mol-L'HCI
EWAAAECA 25 mL, FiR FIRG 1 h, B0, L
W FA (a). 7EFREEPH A 1 mol-L'NaOH 25
mL, RS FRE. &% 4h, HEdk, BHo,
225838, ] 6 mol- L' HCL ¥4k pH 183 1.0,
FE 12 h, B0, RIS FA (b)), EASRT
B UTTE kA HA R /089 0.1 mol-L'KOH T
VAR, mEECy, in 6 mol-LTHCI Y5 pH £ 1.0,
UUYE 12~16 h, B0, 7L LIEW, 580 HA H
0.1 mol-L"HCI+0.3 mol-L'HF {84, %R N R
W, B, REF HCIHHF 4P, i HA 584/
T 1.0%. FHELEITRSGENTE, HE AgNOs K
WA CU, W T8, TR G A LR
. BF (a). (b) Wiy FA W, FH XAD-8 Wl
WERFF FA, FEFREW, HKH 0.1 mol-L'NaOH FI
TRV, i e 7 B 6 mol- L'HCL 475 pH £ 1.0,
i FA B ARV o SRIE KA TG i H A 5
TAEBNE, TR H RN FA, FCERD
BRI ERTIN T =
133 HBEMAMIR (LP) oA ST (RP)
#9 M Z (Rovira et al., 2002)

(1) BEMANR T (LP 1, FEhIEggrE
SR ): FREL0.5 g KT IO AL ik
A50 mL B0, MA20 mL 2.5 mol-L™ H,SO;,
105 ‘Ci#'#30 min, 4000 r - 00m™ ' B.(>15 min, [
TR B AT, PR 20 mL Z8IBK I LE, B0,
BIFPIR B ORR R BB, SRATTE TN 2
Wi o

(2) GmANRI (LPIT, T RLT4ER
FeWy ) AEC 1 )R RYER B Y A 2 mL 13 mol-L™!
H,SO, it &, FREedRGoKig, SRIE FZEK
W BETREE S 1 mol-L”', 105 ‘C/Kf# 3 h, HFE 0.5 h
FER—U, 4000 r'min” B0 15 min, IR T
A7, FREWI 20 mL ZEMKIGTE, B0, &9
PR BSOS B BIE W, SR IT R 20 B SG E ik
T

(3) MERESEAHLET (RP): ¥ (2) HskEY
FHZRIB AT VEMI R, 60 CHET, RAIICR /X
IER SRR =

AGRIHG LP T A1 LP IS5 Fk R 5 WA A HL
i (LP ),



XUBAE : BOKWRATURY oK A AR Y R AR R T i v A2 Ak 491

1.3.4 RAEDBEEENHHT

A3 0 7€ A0 4 T AR ) AR 5 S DORR A G Ak
HEYIBERAE R . e RN AR & (MO
BIO, CA) #EHUEEM L4158 DNA, DNA ik
J&# 3@ 1 Nanodrop 2000 i5E, iR Aseonso~1.8. Bl
Jaf DNA FEfhIE S R IE T LY B 25 RHE A BR A
F) AT 454 SRR

Y 16S rRNA ] 341F 1 907R #£4 PCR #”
#4519, PCR v >k F ABI GeneAmp® 9700 7 PCR
X, IOWAR Z2 40 (20 uL ): 5xFastPfu ZE i, 4 uL;
2.5 mmol dNTPs, 2 uL; Forward Primer ( 5 pmol ),
0.8 uL; Reverse Primer (5 umol), 0.8 pL; FastPfu
RAEMWE, 0.4 uL; DNA #Hg 10 ng, HJEMKER
Milli-Q 7K Z4&FHHy 20 uL, PCR it #2h: 95 C
8Pk 2 min, #RJF 95 CAEYE 30s, 55 ‘CiBk 30,
72 CHEMH 30 s, IR 25 WK, SRIGHE 72 CLRAEFE S
min, fx/5 10 CHRIEZEZIE (Zhouetal., 2015 ),

454 M FBARSE R Qiime FAFH-ATEME | ik
BT BT, B Mothur #{432E4 T
BEREE R ZRETE M
135 HFEoHLRE

RIS HBTAYITh TOC M EFRFkE T Y
FRIRTEDTRYI TP R AR 5, L R & — M Bh 12
FHE (Olson, 1963 ):

C=Cye™ (1)

Hirp, Co AU YIFR AR R G TR Y+ TOC
FE; CHt R TOC & k Mok
REBG ¢RI TE] (d ) 2SR HTE] (410
AR

t=(In2)/k (2)

KH Origin 8.0 X EHE A TAL BRANZ A,
JFH SPSS 17.0 Ge it x5 £ s A7 ekt
(P<0.05, WEMEES; P<0.01, WBEHEZER),
2 ZER55H
21 EYMERESBITTRIENRSENTM
211 WARY PG E IR iR R B N F
e

700 d PYIFLREE ], N R EE DL Y
TOC HYFEFH#AILE 1, 0~8. 8~18 1 18~28 cm VIFH
Y TOC (R ffR 5 A R 52 B 3 EA LR
(=086, 0.94, 091, P<0.05), SCWZEW G, Ui
B TOC MR HIEE] 56.4% . 52.5%F
48.6%, BHUREEYG KRR HFH, MK
YI1E], 49.6% . 40.7%F1 38.7%FK) TOC F&fiRTE
BT 180 d #E4T, TWi7E 180~700 d =[], EMskIASE
NIRRT X5 B E A IRYE Y+
HErp By oA AR R, JRVE A PR AE - 48

70

60+
© i 4i: :;
I S

40+ —1 !

304

204

104 /‘

0 T T T T T T T
0 100 200 300 400 500 600 700

t/d

—m—(0~8 cm
—0—8~18 cm
—A— 18~28 cm

Removal efficiency of TOC/%

n=3
B 1 AR TOC Mg 2R patE SRRt E 3L

Fig. 1 Removal efficiencies of TOC in sediments with culture time

(R A3 A AT DR S0 i IR N2 A P R, DRk 40 fi
T R H ARSI TR AR XS A0, 2812 43t WU Fp 2 (1]
R (5 2009 ),

R TOC [ fif 3445 51 1 ik ol ) 2478
A0 T SN T R ) R AR DU RR D) v 1 R A
PR 1), MPIRMAERIZ DUB) A R At R
bR (k=0.0019d™"), > ) i i 1] 548 ( 1,,,=586.2
d), JfHBEE BRI, R e R 5 R i
KA

F1 R TOC HIFEMRE 2= B8R 4 I R i )
Table 1 The first-order rate constantof TOC degradation and half-livesin

sediments
Sediment samples kd! tip/d I
0~8 cm 0.001 19+0.000 08 586.2+38.5 0.899
8~18 cm 0.001 07+0.000 09 656.6£59.8 0.820
18~28 cm 0.000 96+0.000 10 736.9£78.8 0.813
n=3

2.1.2 AR IACAR 0 T AL

SEEREE RN T TR B B 5 HA RN FA )
R (F 2). REIEYIFRA 0] 4G TR Y
HA 1 FA {54808 30 113 F11.01 mgg'.
WIS R 253 700 d BYIHLSS, 0~8. 8~18
A 18~28 cm YUY HA Ay 5000 548 2=
3.20. 3.92 Fi1 535 mg-g", FA B8 18 &=
3.6, 4.0 fll 4.4 mgg', Hr 18~28 ecm JIFYIH Y
HA F1 FA & &0 W 3w T HA R E 1 & &
(P<0.01), RIGLEREW, HPFRIARAETIR Y i
Ko it 12, (et Tl g stk, JHHE
JE FE AR BE R UURR PR A 38 nim 3
213 WRYPAHITAH G T

SEGEER, ME T ORI A MU 4 7R
b, EEI NG REMANLT (LP) FIMEREFA PR
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Fig.2 Contents of HA (a) and FA (b) in the initial and culture sediments

(RP) (& 3), WhEYIFRIAIS HRItaTTR  LP
HIRP Bt 20505090 13.1 #13.8 mg-g”, LP ({5
WO RP 1 3.4 %, X ULBHAE Y GR 1A G
R LP, N, (R 2t
700 d WYHIMLSS, KERSrA9 LP Yo, 0~8.
8~18 1 18~28 cm MIULFHIHIA) LP BT w7505y
Wk 3.4, 4.1 F4.0mgg’ . B LP —FR 54k
L E IR, B4 RP 2B, MY
AbJE BT TR R RP B8N, JEHJE 18~28 cm
REEITRRY) o RIZDIBRYI AR Z DR i LP A1
RP St o 25 (P>0.05),
22 1EYMRKMESEITIRY PR EMEE LR
=210

B 4 AN FRE L 10 512 S40 TR TH)3E4 T HexT
(KM ZE R EA ), TEEY R IFKTE B
FTAR AT 0250 3 P 9N E A 2 EoR AR 2R

(unclassified ). B XHAE YA T 0282 EIHZE,

144 @
124 [ ]Control
J 8~18 cm
~ 10 B389 18~28 cm
o
2 s
S 6
X i
44 T
i L
24
0
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&3
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AJ DL S T AR U E P T A5 A AR AR . 1]
4 BAEBEEAET T a2k, 25RRHEEH
S5ATIHIRG: 282 T ( Proteobacteria ). TR []
( Bacteroidetes ). Z¢Z R[] ( Chloroflexi ). MEHER
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Fig.4 Abundance of microbial phylum in the initial and culture sediments
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Fig.3 Contents of LP (a) and RP (b) in the initial sediment which added Potamogeton malaianus and in the culture sediments
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I'] ( Spirochaetes ). JEREE[] ( Firmicutes ), MAHXT
TR LUE W, YIEHT S DU S i
RIS AR 22 5 o WIRDTR I ARTE o 13 B
(453% ), HUCHUAFETT (11.6% ). S5
(9.1% ). TRFFHTT (6.3% )o [HIEAHYIFRARLEDTRL
Y& KETE it , DURPI AR &
A%, 76 0~8. 8~18 Fll 18~28 cm UM H & &
WK N 19.0%, 27.5%, 18.8%. HIZEREH], 4%
SRR TR AT T AR AN [ IR BE DR A v 5 B 2
i, HA AT BT R DURR GRS G AR
H20.1%. 24.8%. 29.1%. X 5L (2013) ©F
SRR . PR AR AR TP S A A
RIS . RIZUIBD T, AR ATE AT,
PFFETT . SRR, BRITE .
MEWZKEE (ES), PIIGTTR Y 4i
TEEATH 8 Flavobacterium ( 2.5% ). GOUTA19
(3.5% ). LCP-6 (2.7%) W iaifmim, Zittmfl
IR RS, RIZ00RY (0~8 cm ) HIR)Z
DU (8~18., 18~28 cm ) WA BEIE 4544 & i
FoAr, Hp, 0~8 cm YU R R T
Flavobacterium (2.1% ). GOUTA19 (4.4% ) Fl%
K E Crenothrix (2.1% ) & B34, 8~18 Fl
18~28 cm L AR v R 8 BT 1] Vb ) 2 MR E 1A I
Treponema ( 7.4%F1 8.8% ) NILFHFIE .

Original

sediment 0-8em 8-18cm  18-28cm

Relative abundance/%

B 5 MARYHERPEH 100 MEHEHBENEHHE
Fig. 5 The heat map at relative abundances of classified bacterial genera

in the top 100 genera in sediments

3 it

IKAEAE BRI R o i R+ S % . HI
AN AH DB 9T 22 4 vh TR SR A SR T ) 7
TR o . 285 700 d R IICT 7 5046,
LRI, MWD BV P S B i o
HAEPIR N By v HUBURL A e AL EL SR A i FE Y
PRI A SRR A L I 08 O3] o K AR A
YIBE T AR WE,, —Jrin i T AR

YERER S A s, S —Jrm, SNEESR
YR B AR TR ) E D I A, (A
YIFRAR ) o il (B ILAE, 2013 ). S5EKIK
U AMEARIE (Lietal., 2013; Hih%E, 2015),
DU PSR AR B 43 fff TE M 2842, TiT 180 d AR
HAMEBTEL, 180~700 d SHZEAE MBI EL. X AT fE
S T RN UTRR P v i) 43 il IR 55 DA Sk i
IR ) ( Longhi et al., 2008 ),

DU RE s R AR 2 o . SRR R
WUEY A S B — T T =T 05 &R
MR A, RS (%%, 2014 ), JEFER
KEYANGHREY iR, 0 RRA%, RS e
DU Rz BEL, SN, TS SEMI R
TRAEY KB A IR E Y, NN B T DU
AR B AR BE B A . o5 — Oy aRA T &8,
S s AR R iU L, DO LP
TR, fEREE RP SEAEE, VIR hEA
MUBREEM LP #5754 RP, RP EEALFE A ZE A
ST, GRS R TR h HA Fil FA & 231K,
HREER RP S RIATURYI LR T3 2 rHE
I AR R

TEWATUR Y, R FR AR I R A 52 T A
TEVE S AE VR W, R W B 2R PE R
YIREEM BRI L Z 4% (Yllaetal., 2013),
SRAEWFSE ( Marano et al., 2011) FB, WAAES
F G EL TR FEAT ) 55 AR B8 figk 1) L 00 e 8 vp S 1
YER R TP, H 2 B R 5 A o 3 o 4 e o
( Schneider et al., 2012; Suetal., 2015), WA
KRB FET T, SRR A 5 1T
SEUTRE R AR R B4R IX, B K HR B S S A T
HES5MM, MG YRR TR R TR - K A
B IX, Bt ABITURI IR E X, HIk
UL 5 5 0 W R R A 2 2 Bl DR SR A
( De Boer et al., 2005 ). A58 Hr R 011G TR
KHRZVIEYIRES, ME RS (]
Shannon ZHAMEFEEAN Pielou 5] 55045
M) CIRFRSE, 2015), HhZHCh NS 5HHIR
WA TR g, e JE . GOUTAL9, LCP-6,
W H I TR e s LR L, BB A
FAHYY 3% (Mann et al., 2013 ), £33 700 d
MIYILIE , 22 UTR B 4 T Fib 2 oK & 28 B
WAL, XATREE TR Z VT AL T 6 AR
5, ULKREERMAY 0 E; MEZTRY h i
WV KA s, EEUREMEY hE, H
HIRHER ] FEEAAE T A E T (Lilburn et
al., 1999 ), Yk 5 IR 2 ViR Y b % 12 )i 1k 8
( Treponema ) % & . E 3N,
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4 #Hig MANN A J, HAHNKE R L, HUANG § X, et al. 2013. The Genome of the

ZE BRTIR, AKAMPFR A — R IR TSR
[RGB Th B R AN ], AR S I B R
TR g AR e A R ERAR I R N T
DU R SR AR, ELB A AR B Bt o R B 1
MG, FEPFRIATERE LR T, B8 i
BB AL 2 Bk A A [] Bsf 7= A e i 1 A AL
MAEAAAEDTRI R, IF HAY R A b i A B
AR R AE DTS . B RAAR TR 2t
KO YIS, A VR 4500 2 AN [R) ) A2
fbo RZUVIRYIH ARSI DAL R N 32, 4l
WM, HEZURWY 40w LA A L
WohE, EREAR)E (Treponema ),
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The Decomposition Processes of Aquatic Plant Residue and the Change of
Microbial Community Structure in A Shallow Lake Sediment

LIU Xin', HUANG Qinghui" %, JIANG Helong?, SONG Na**

1. Nanjing Forestry University, College of Biology and the Environment, Key Laboratory of Environmental engineering of Jiangsu Province, Nanjing 210037,

China; 2. Nanjing Institute of Geography and Limnology, State Key Laboratory of Lake Science and Environment, Nanjing 210008, China

Abstract: In this study, a long-term (700 days) laboratory incubation test was carried out to investigate the decomposition processes
of aquatic plant residue based on Potamogeton malaianus, a typical submerged plant in Lake Taihu. The driving mechanisms related
to microbial community structure for the residue decomposition were also determined by using 454 pyrophosphate high-throughput
sequencing method. The results showed that the organic matter removal efficiencies decreased as sediment depth increased, which
were 49.6%, 40.7%, and 38.7% in the 0~8, 8~18 and 18~28 cm sediments, respectively. Humification degree and the contents of
humus (including HA and FA) in the sediment increased as the depth increased; in particular, the humus contents in the 18~28 cm
sediment were significantly (P<0.01) higher than those in other depths. After the incubation test, the transformation of organic matter
from labile to refractory fractions were observed, and most of lignin-like compounds in the plant residue were retained in the
sediment. Further analysis indicated that the dominant bacteria at the phylum level were the same in the initial and incubated
sediments, which were Proteobacteria, Bacteroidetes, Chloroflexi, Spirochaetes, and Firmicutes. The dominant bacteria at the genus
level also had little difference between the initial sediment and the incubated surface sediment, which were Flavobacterium,
GOUTA19, LCP-6, and Crenothrix. However, substantial changes of the dominant bacteria at the genus level were found in the
deeper sediment after incubation, and microorganisms in the sediment were dominant by anaerobic bacteria, such as Treponema in
spirochete phylum, with the relative abundances of 7.4% and 8.8% in the 8~18 and 18~28 cm sediments, respectively. The results of
this study will enrich the knowledge about the decomposition characteristics of aquatic plant residue in lake sediment and provide
theoretical supports for eutrophication control.
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