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B E HRALTHWNEET M cHARRAEENREELETAMEFERFENEE
0. R AR R RELERAREYAE. £5 1A 1 FR 4 FRBEALRER P
ARBARMFRCEREZ., HREESENRBRATER 0XE, AHSRRERIR. N
FEREBERE 5 A RARBHREA X B BEREE K, T &% P 7 45 588k
%, S 1 EREHBETREABRKAREREHEE K, HHBEHMIN. MAES 45X HE
WO FTERAHWI M. PRHBSEEAZFEHABENCIRPREDFERERR. K
BB TPERN T EREY. HEREDH. ERAEERENBE S, AR ESRE
RE. SHSM R E i R B (Mecardia sp.), REHERE (Actinosynnema sp. ) IR HE
(Streptomyces sp.). FBRAR M B2 % ¥ W (arthrobacter sp.). WHRI B +HE (4
terricola) REEM B (4 ochraceous), HIBEAAT R K ETEH,

XA WA, KA, Y, W

SRE Q938

BEBRMWIERSZ — AN EEABERTFEFRAE, LHLE LM R
MK, EEXEMMTMER. BE. K0, LHEEMNBARKREZIER. 8
1982 4F X E R 2 % Cohen f Gabriele B KRIH T FREHBEF ALV BEREZ
—AeNFR HARALFENETHAEFRERAMEDRERE. UEEAFSHA AR
e, DA NS LSRR R AR BE MR T B — R ERERENREY.
MAEPHFRAE. BERFERAYITERN — M AETNHE R BB T B RFE
HYE: REEPTHEEES. MEYREREMIEH BN EREARMH. —2BED D
W SMEDY, B R R MY A R YRR IR AN pHY . BRAENE A E LR
ESHW, HX S THRMAMEYTURRYE. BRANE BREULRAEPH —KLHEMN
WSROk, AR SRR M ME YRR AR E AR R RERER
BRE RSB SR, BT HEEREALDEPRAEY R RSE ROPAH®R
FEMBEHERE T EEERTEENRALTENEET WARAR AR ERETS

+BEAABEES WA (N H %539370028).
Wi H . 19960716
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WMEV R R RBOR 5 RHT TOSE, HAr 8, % T IR e m s,

1 AHEFF &%
L1 BRES

6 MAR AL E KBRS T 19934 6 H RB T THMEES . 2305, (R
REEMBEECRE), O)REHER S PANBEG M), ©)REBK 1 EMBEQ
), (DR EHEHIFERBE QF), BBRBLH, ACHERE. AHRPRANT 4mm 5
fES#7.
1.2 1BRPREYIEE

TERERBEHERSIHA - PEARERA GO RKEEHLY, NP RERALUE
K4, 30T HEE 10d.
13 RS TFERSNRERREREDHE

EIdERRRERHFOREEL (FRE)ANGREEETLEBEL. £H 2%
glutaraldehyde 7€ 0.1mol / L #% B8 & o ¥ (pH7.4) *# & & 2h(4C), B H 1% Osmium
terroxide B & 2h(4C ). RWEAFB KIS . #4171 5F & T4 (H 32, HCP-1, Tokyo, Japan) , Bt
& . B /5 M JEOL JSM-7201A# L 7 B8 7F 20kvV 1 E T 47 W2,
1.4 #FEPREDITE

lg JRIBRELMAIEAKIER 0d WIBEREREXENTER LSS RENEG
R, ANVHEG BT 100ml KEAEEEKF (085%)8 10 BEBR, BRKKER
107N 107N 107 R 10 “FBEB. BUMMEERBEREMI T MIEHZE TR )10
BERBRERT. BEA RS RSB MM ELE. 30CHE 10d, b)BTRER
ERESBEAEHE, 28CHEHF 1d.
1.5 RBREHEE

A HEFRE () M (b) EAE KM BEE BT H G, BERE S B AT, X F. WL
ERERSUEREEE R L, X AR RA SRS MAS R & &S
FRARZE TS BB B AT T S B S, %of L 40 B B o 47 3 0 R 3 S M R 564 4L 26 4y
W, ARIERAMTERSNEELMAERT. S THTEBREEEER, Hia,

2 HRFw
21 AREFRNRUARSR

R R AR RELF RSB MAEWAEE. Sk F 10 X5, TR AR
SEAMB R R, T E A X E A E SRR BRI SR (B 1), EHEMEHNREER
FAREWNL S5 MHRBRANRE SR, TEINAAE. ARERTFRVBHEY
Y, SMAHER10RK/G, BRRE LRI (F 2), ML n Al NAAE.
Z | FRERARE: FRAAUKI BN, ARERTREBERTMEL. Sk
BRIORE, BEREMA RS SR (F3). ERELEEPR8m. S 4588 NER
R EFATHENKRVERENEE S L, IR RIRAWEZE. 2k 10 X5, &
HHEZNOBBEKERN S MARMBLRARESE SN AR ERRMES R
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Bl RIR&ERMEBEESRSNAKFERFIOREER B2 RdbstHERERERMAERIOR/EE

B 4 B % R % B (B P LR R i Spm) KR E (B AR X 10um)
Fig.l Bacteria(B) and actinomycetes(A) on lignite samples Fig.2 Actinomycete hyphae on lignite samples
just excavated after 10d incubation (Bar=5um) excavated 5 months before sampling after 10d

incubation (Bar=10pm)

A3 RALIEREERERmMAERFI0OREERK

B 4 B R R B (B P B BR K Spm) B4 RALAEHBREAMAKIEFIOREERNE
Fig3 Bacteria (B) and actinomycetes (A) on 2 (AP SR H5um)
lignite samples excavated 1 year before Fig.4 Fungal hyphae on lignite samples excavated 4 years
sampling after 10d incubation (Bar=5um) before sampling after 10d incubation (Bar=5pm)

BHREEMARBEE (H4), SEEZREHERFEACER P HFERRE. SR
HEMNESBBETEEEHEA. ERKREAEERERLY BV Y EBREERK, M
HAMARAEEEERNBETOERAHA.
22 FHEITHER

S AR ENEEFEHATEE. A I0EREFANT. EOBLS T KEF
ELHEAE RS AERE. S22 0F . BNRERBEFARE. AERFEEEEER
BEERABEENE MG, NREXNEEESTHERBEDEEREN. L5
PTAERRLE, RAHEEHEMK, REARSHEKE MU EHRX (A 0075HE
0.52). HAABEMNH—SMA REXESHAEN B LR MBS /. HEBERAALR
EME EESBREESHREMERLAEMAABYE. S4ERRNREPHERTE
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HRATHMESPHEERE.

x1 BEPREWREBRILE"
Table 1 Numbers (CFU/g) and ratios of microorganisms in different lignites

- - J%M Actinomycetes (A) H ®W Fungi(P)
. _ BN ErT e R SHEE
Sample Bacteria(B) Number A/B(%) Number F/B (%)
AR5 s . 2
L6x10 1.2%10 0.075 <10 -
Just excavated
54~A
2.1x10° L.tx10° 0.52 1.2x10° 0.057
Excavated 5 months
lﬁ‘: 6 5 3
3.2x10 2.4%10 0.075 16X 10 0.050
Excavated 1 year
4
* 2.4x10° 1.6x10° 0.066 4.5x10" 1.9

Excavated 4 years

* TPRMEL-WIFECOP 1,
Each value is the mean of 3 replicates.

BB RMNBENKSEAK, TREBESXMEDH IS LT, Bz &85
KSR 10d. AT HH B AT/ A MM A BEE R MBI R, &R OR FH M3
ML MK 10d EHIMENMEYRBUXR 2R, KB I REZ2TUEFH. &
MREGEMAKER 10d 5, AR KEEEAREESHA. HZMERSEMERRR
REENRETEMAEAR. ERREERE 5 H KALEE % s a5
W, BB R MR, TERIR R A PR 28348, 2 5 A AL a RS m

F2 RESIERI0SRENNBRINMEY

Table 2 Microbial numbers (CFU/g) after incubation and ratios of
microbial numbers before and after incubation in different lignites

R 2 8 Bacteria(B) FERE Actinomycetes (A) H#¥ Fungi(P)
" B MAREC KB MARK SESE KR 0 MARK S@EE
Sample Number Ratio Number Ratic  A/B(%)  Number Ratioc  F/B(%)
RI3R th
Just excavaied 2.0x107 125 34x10° 283 0.17 3.3x10° - 0,002
51-A s p 3
Excavated 5 months 2 7X10 13 3.4%10 31 1.26 10X 10 8.3 0.037
1E: 3
Excavated 1 year 4.2X10° 13 20x10° 0.83 0.048  Lix10* 6.8 0.26
45
3.4x10° 1.4 26%10° 1.6 0.076 312x10° 7.1 9.4

Excavated 4 vears

* HEFI0FGBUE YRR 5 5 SN MR A L. ,
Ratios of microbial numbers after a 10—day incubation compared to those before incubation.

3 1%, MRESHARNHEBLERREEBERM 0075 ME 0.17, €2 58 KALB%
FAMO052HE 1.26. £ 10 XEHKE. EMHESTPEREBEHHEA. BERMREERESS
THERNBETEREENNABRHE VL THRAHENY. B SHEM BRI HEK
RIRD, EEAFERBNOBE P HERBVUER TS EEEGAEREZ L
KT,
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REZESAHEBHERSLHER B BANREYEREZRN/EYILE
ERAMERIR EAANLS @B BERNEEMAYEBAR. LAXBEREE
WHERERRERV O TFTEMREY. 2 BNE, AN AR EERNEEEE
H.
23 BWEEBRREPNSE. LR

NREE ST LLE S, E T HED LSS — MARRESTALEERE.
MEEESEBELUE, RHARTERF =3, ENERMRE RN BHREHTSH LT
BlanZ 3 Brm. BRBEREETRER ARG EAL SA OBE S, BEY FEENL
VR AERKED SRR B EEFETRL 4 FHBREF. XL FHRED BT D,
WEFRBMEEST A B, BREY. RS, ARSI B RYRTSHR
R MK-S(H), HRAEXTRZ VR AEH meso M _EXF K. S HMHAREE
R ATARE. SHEM. BX B ERARHITMATE N MK (H,), HHEEFSEE
B EFEARTIEARTESHE . RPESEMRHEROR, BEUIERAFE
HFF M B f R AR IE, ¥ B, E 7 i F KW (Nocardia sp. )", B,MIBMERTHE
(drthrobacter sp.)¥. MENEER T BRMBEHET S IS RREES M S
FEMER 95% UL, R —FOAEEN (A)ERNIRERRE s A RILHBRS &
RE. M7 —FHKEHEN (ADTERAL I FHBRF SHE. 201 FHREFHHESR
RE. MPFHBEANREFEERREINSITRA. A SRR IR, EE5E TN
meso B A AREE N 1B, “HEFE BN LLE. ENSFEMAAE. X8R A,
ASEREEFENBTEARRSRAAWHNE, SSHERE HACTIRLKEHE
(Actinosynnema sp.) . A, B NEBHE (Swepromyces sp.)?,

%3 ABRPEHETRBRFHHBER (%)

Table 3 Occurence and frequency (%) of the three domimant kinds of
bacteria in different lignites

KD R SR i i g K5 TH a5 R ERRE S R A RTEES
Colony type Samples just Samples excavated Samples excavated Samples excavated
excavated 5 menths 1 year 4 years

By 50~75 75~80 <5 <1
B2 5~ 10 5~10 535—~635 40~ 50
B; <5 <5 t—~13 15~20
REFES. S FRTFAEPERFERT. HTC 1 SHBEAABBET HRBOEES
Rt ME (Aspergillus terricola) ;s TEAFERBPAABE P ERPHEAET T HEGE
(Aspergitlus achraceous).
RSP 8. 8E KA WREELRE I W SR nis g EA K]
HENELEMBERERE.
AFRAERBRTREAMIBDPARREY LB FENTHEEAR. HEH D
BRRAMP L BERE, Mo RHAW. AEUARE RN EHETERM; 49 5.
X TRKERUA B RSMRE. M RAH. XRE—HT AR RRR
TTEERR,
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MICROBIAL SUCCESSION ON LIGNITE ALONG
WITH WEATHERING

Yuan Hongli Chen Wenxin
(Department of Microbiology, China Agricultural University, Beijing 100094)
Makoto Kimura

(School of Agricultural Sciences, Nagoya University, Nagoya Japan)

Abstract  Six diffcrent weathered lignite samples were examined by scanning electron
microscopy. Few microorganisms were obsevred on lignit just excavated and only
spores and short hyphae were observed on lignite samples excavated 5 months, 1 year
and 4 years before sampling. When lignite samples were moistened with distilled
water and incubated for 10 days, actinomycetes proliferated significantly on lignite
samples that were just excavated or excavated 5 months before sampling. The growth
of bacteria was observed on lignite samples excavated 1 year before sampling. Fungi
increased in length and in number on lignite samples excavated 4 years before
sampling. These findings of microbial succession on lignite samples along with
weathering were consistent with results of the plate count method; actinomycetes are
the first colonizers, then bactecria and fungi are the last degrader. The dominant
microorganisms were Actinosynnema sp., Strepiomyces sp. and Nocardia sp. among
actinomycetes, two Arthrobacter sp. among bacteria and two Aspergillus sp. among
fungi.
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