Korean J. Ecol., 21(5-2) : 575~ 583, 1998

EY AHAe 279 274 AFE Adsaie ¥
AAAE o]§& F e Aol ETAHA FoBR o

#EAte] Aol nfE £ ojBe| BE 3 £4

MY W2 - AEE
SAY T 4B %

Distribution and Properties of Soil Microorganisms
Isolated from Representative Plant Communities
of Mt. Paektu
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ABSTRACT

Physicochemical factors, microbial population size and the properties of the bacterial isolates
were assessed to find out the nature of soil ecosystem of Mt. Paektu. Samples were obtained from
the surface layer of soils on which specific plant community is developed. Average content of
moisture, organic matter and avaiable phosphate of the soils were 21.6 %, 17.3 % and 2.48
mg/100g, respectively. These values were similar to those of developing forest soils, but were
slightly lower than those of climax ecosystem such as Piagol in Mt. Chiri. The population size of
soil bacteria ranged from 2.7 to 202.5x 105 CFU/g. dry soil, and the size is somewhat dependent
on the content of moisture and oranic matter of the forest soil. A large number of bacteria was
able to decompose macromolecules such as starch, elastin and gelatin. While the distribution rate
of resistant bacteria to antibiotics was high, that to toxic chemicals was low. This means that the
competition between microorganisms predominate over the interference with artificial behaviour
such as spread of pesticides in the surveyed region. Bacterial species composition of each soil was
comparatively simple. Pseudomonas, Agrobacterium, Flavobacterium and Xanthomonas which are
Gram-negative short rods were widely distributed in the forest soils. The endospore forming Bacil-
lus species were also main constituents of the soil microflroa. Any one of the strains was not ident-
ified as Azospirillum or Micrococcus which are known to be one of major constituents of the forest
soil. For the correct identification of isolates chemotaxonomic studies will be proceeded, and the
strains are to be stored in the Type Collection Center.

Key words : soil ecosystem, population size, identification, Pseudomonas, Gram-negative short rods,
Bacillus.
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Aoz £ A ¢ oA, EY R#4H S
AAA EY R e Ay, A2 dad
FNREES Fwste 5 EYY vSsld sjogitt
(Dommergues et al. 1978). ES}o] 2] nAEe EX
4 F 2 993 22 A EY A, 48] By ¢
B o]ty B4 o) gk W A8 #y
o 9% YL Fu7t B FH9 riAEY ULE
EA ol Aoj9] AAo) fFHE, A ARSIt w
B ofet Qs 5A4E Ad Mol $£454 2
. &, AE A9 B3] HAo] FdosiA Hee] B
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A3 g FE A5y Ao golXa, EY AH
AZE GBEY, vAES] FH A7V B HSE
g AESH &4 A7 @ vk (Bowen 1980,
Paul and Clark 1989, ¢F % 1995).

& EW YT 2A4MY J45Y ESH A4F
FY EGRY PAE NAZY are AArr Fabd
gl 2 WA 6wl o wWel ¥tz glew (Cobb
1932), opdtolAl AT Y EYM woe A
o] AU (o] A 1994). H B 4%, &
71E TV AHEAY Frst nAEY g4 2
FFS T A=, 4U1EY T grgo) 5E4E
nAE A FA7)7 AXY gehdss e &
& BAETE =4tk (o9 A 1995, & F 1995). EF
EN HE FE50 EY AEY 231 27 2
4 BHEE vFe 842 ¥E v g (A3 Birch
1992, °]s} A 1995). o|gtzto] EYF AEjAY HAE,
ex 2 FF B AHAY AYHRFL 32457 9
qMe EYY =3ty BN B vAEY oY
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t} (Anderson and Domsch 1978). 2281} EoF n|AE
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A2 AHEEET EY d99e A& 34sle] pour
plate o & HE3 5 25C A 5Y7F wjste] e
¢ e A 5P a4 By Az nse i
otat7] fsiA wjdE AlF A Methylumbelliferyl
(MUF)-a-D-glucoside, MUF-8-D-glucoside, MUF-
cellobiside?t MUF-phosphateE 7]d2 o] 5830
364nmol| A FFE dite A7 JFY FE AFd
FHNEE 2439 (Hoppe, 1986). 2ajujz|o] &
Ad dEAA M JFE PCA HH wjA o £ws}o]
srEE WA Ad It £ FAE glycerol £
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Table 1. Vegetation type and soil properties of the sampling sites in Mt. Paektu

Moisture Organic Avaiable

Site  Vegetation /Site description Altitude(m) content(%) matter(%) (I)mhg?ﬁ)%;
1 Crater /Dalmoon 35.0 9.5 4.6
2 Poaceae sp. Com®, 2400 9.3 2.5 2.5
3 Alpine plants 2600 15.0 6.1 1.7
4 Phyllodoce caerulea Com, 2200 20.0 8.9 3.9
5 Rhododendron aureum Com, 2200 10.9 1.6 1.1
6 Phyllodoce caerulea-Cyperacea sp. Com. 2140 45.4 18.0 ND
7 Salix  rotundifolia-Astragalus ~ membranaceus 2100 8.0 2.1 1.4

Com,

8 Abies holophylla Com, 1500 10.1 7.8 2.5
g Abies nephrolepis Com, 1450 15.2 13.3 1.8
10  Betula ermanii Com, 1800 39.8 8.4 ND
11 Abies and mixed forest 1405 20.1 11.9 2.9
12 Veratrum grandiflorum Com, 1800 30.3 19.7 ND
Average 21.55 9.15 2.49

* : Community

Table 2. Population size of the soil bacteria of Mt, Paektu

No. of general No. of Rate(%) of exo-enzyme secreting bacteria
Site bacteria Actinomycetes
(x10° CFUs/g. (x10° CFUs /g. Phosphatase a-Glucosidase  B-Glucosidase  Cellobiosidase
dry soil) dry soil)
1 65.4 21.8 7.8 36.4 21.8 1.5
2 36.3 18.2 21.3 55.6 14.6 2.5
3 19.3 12.8 17.4 47.4 26.4 2.5
4 2.7 0.4 NT NT NT NT
5 7.0 0.4 17.2 15.9 26.7 8.0
6 95.8 68.2 8.8 17.7 14.3 1.0
7 30.9 14.5 16.2 38.4 26.4 2.5
8 10.9 6.4 10.2 34.8 28.7 4.8
9 19.4 11.4 NT NT NT NT
10 73.8 26.8 10.7 6.3 217 8.5
11 42.0 14.2 NT NT NT NT
12 202.5 84.6 NT NT NT NT
Average 54.7 23.3 13.7 31.6 22.6 4.1

N’I‘ : not tested
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7 elastin 2 IEA EFS B + AeAE
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Table 3. Properties of bacterial isolates from soils of
Mt. Jangbak (Paektu)

Percent positive

it t
Unit characters Total Site 5 Site 12

Gram positive 30.0 50.0 33.3
Rod form 96.7 100.0 100.0
Endospore formation 21.7 25.0 33.3
Catalase 93.3 100.0 100.0
Growth at
10cC 10.0 0.0 333
e 61.7 75.0 66.7
45C 30.0 57.1 33.3
7% NaCl 1.7 0.0 0.0
Degradation of
Adenin 8.3 0.0 0.0
Casein 28.3 50.0 33.3
2Elastine 68.3 75.0 100.0
Gelatin 90.0 100.0 100.0
Hypoxanthine 28.3 25.0 0.0
Starch 78.3 100.0 66.7
Urea 60.0 75.0 33.3
Growth on
Crystal violet (0.005%) 28.3 50.0 0.0
Sodium selenite(0.01%) 81.7 100.0 66.7
Sodium azide(0.005%) 1.7 0.0 0.0
Resistant to antibiotics
Amikacin(30meg) 28.3 50.0 0.0
Kanamycin(30mcg) 45.0 75.0 0.0
Penicillin{10U) 81.7  100.0 66.7
Tobramycin(10mcg) 35.0 50.0 0.0
Vancomycin(30mcg) 56.7 75.0 33.0

PCA HjA] o) o]& & &AL IF7Fste] 30T oA
2~3 A7V wigst T Ald A F9o FHgo] A7)
A Q. FAELY U3 WAHL PCA HX
o HELE Ads B tg FAER discE g9
Fob 2~3U7F it F disc FH9 Ty IAHL
At W3 Z=E metstgtt (Table 3).

gaizel 53

279 53 &4y 54 A3 BIOLOG
(Biolog Co. US.A) 34 kitE AMe3lged
Bergey’s Manual of Systematic Bacteriology (Holt et
al. 1984) 3 The Prokaryotes (Balows et al. 1991)&
Frzat] FR8

Korean J. Ecol., Vol. 21, No. 5-2

24 1
Eotol 22i88E 54
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AL E 15 Tt ARG EGY §548 B
o wet, 282 Ax 2 FH Y w} AR 7|
Zo|7b Atk ZAIAA 70] 8.0%E 7HY Wgkon 2
A 60] 45.4%% 7MY EQXA, H 21.6% Atk o] 3t
& EXNAY AHESY deed A fARRLeY
Aat HolZe] F4Y EFY 40% BHos W#e 3ol
Ak (He} o] 1983, A} A 1989).

ER) EAEte F 7189 FFe 21~19.7%9
HAE A9 g A 7h] & Aolrt gideh. B 9.
15%2A4 $4=9 9.5% (33 & 1982)9 Hl&stq oy
o] & wgd Iny =AMXY F AgHEe ¥
9ttt (Choi 1982, B3+ & 1984, A 5 1994). & 3}
3 HE 2FAY 2, 5§ 2 7 ZARAH] 5% wge
2 o B vk, 7 28X A 63 BaEe
22l 12 A-E o 20% AL Aoz =gttt

7HEA Q1] S 1.1~4.6 mg/100g0 2 BF 248
mg/100ge] %t AEE 3.9 mg/100g (T3 & 1984)
Hoe da 2oy xg gx (T3 A 1987) ¥
& =k}

Ed0|dE9] AT 37|

PCA HjAE o|&3] AN 127) AHY EF AlF
& B b 4 AFPE S Ao HEL ¢
T UAZ, EGriT yH oz gded A e B
8 F AT (Fig. 1). EF WAE AAFe] BR¥e
Table 29} 7t} AZES | go] £33 kAl 7
A9 Z7)E 2.7~202.5x105 CFURA AA 2 AA
vl & Apol7} I ew HF 54.7x105 CFULT =
A 631 129 Al MAZY 277 & W ZA
3 49} 59 2R F3) A9kt

WA EXE A B ol Unt gl o
3 Hgo A EYZ & AolE HAFT) (Table 2).
AAd ARZY A7) 44X104~84.6X105 (7 23.
3X109) 2.2 YubAlF] 42.6%9) @t ZAAA 59
73§ 44x10* CFU (YukdlZ9] 6.3%) & % 2
b 2 69 A4 68.2x105 CFU (dutdl7e 71.
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Fig. 1. Photographs showing the isolation plates. (A; site 4): Filamentous growing microorganisms prevent the
colonization of other organisms. (B; site 5): Exo-polysaccharide producing bacteria predominate. (C; site 11): The
more complex species composition, but still not much diverse, is found. (D; site 3): Two thirds of the bacterial col-
onies are actinomycetes.
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2%) Tt HAldE diAlte] EEFE HALSE
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E3a2 BHlMTY EX

EQEA £ AdY HE&S oty fsiA wlS
# Mg FA#o] MUF-a-D-glucoside, MUF-4-D-glu-
coside, MUF-cellobiside®} MUF-phosphate 7+-& ¥|3
F EFE 71AR Fo] 52T 364 nmolA HFS
gt Al Ay & Asstd 2ENRE 233 2
= Table 29] e} vt PhosphataseE ¥-H)8}:
AT gutA e 7.8~21.3%9] @Fom, a-gluco-
sidase® EH|3lE AFE 6.3~55.6%, B-glucosidaseS
HulEte Mde 14.3~26.7%, 283 cellobisidaseE
BHgle A7 1.0~8.5%9) 23l A& 284 &
BEL BT HEL B0l AgE #EY 5 ol
Act.

=2] Ao Y

&4 29 60719 ZYA7 B4 Table 3o 1}
Bt ok v:i] T2 B5 ZhtolAY @7kt g
AUZ ANeH, adF Aol 30.0%E A 3A
o 10T 37C oA AFo] 7hedt AFe Hge 7t
ZF 10.0%%} 61.7% Fow, 45TCAME AT £ Uv
AT 30.0%] 2Rtk 7% NaClelut 0.005% so-
dium azided] WAS Ad 45 474 1459 &
Ft}. Crystal violet o WA Ad Md& 28.3%, so-
dium selenited] WAL Ad A@Fe 81.7% 4t}
Amikacin, kanamycin, penicillin, tobramycin &%
vancomycin®] SFAYEA WAL Ad A7y HEL
ztz} 28.3, 45.0, 81.7, 35.0, 23l 56.7%°) o2t}
Adenine, casein, elastin, hypoxanthine, starcho}
ureag BT F Qe AldS 747 83, 28.3, 68.3, 28.
3, 78.3 233 60.0%°) gglon, dAgele A BE
ol o) dstg = A

SEad f71ETEe] w32 v AAEY =27
& 23 129 d2FQ0 540 YEd AR H
SERE EeE AdEEd SAE vad b AEda
FA=HA e WA BXA Aol WA &
AT (Table 3). =, B4e3 47128 o] we
A7 SEHE E¥E AdE°] €Y fUI1EY F
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60709 Eel4e] Fejd, My 5495 58E kitE
o] &3 ¥4 APAI= Table 49 JeR} Ut} Pseu-
domonas$}: Bacillus 0] 2}z} 147359} 13452 AH
9] 45.0%E AA ATy U202 Flavobacterium 479]
671, Xanthomonas% 22 FARE Ago] 5/ #5490
o|lol| Agrobacterium <3} Enterobacter £0] 275 1
&3 Cellulomonas 43} Corynebacterium £0] z}z} 1
74 FRHULH, 1735 4o BHAstit
Pseudomonas aeruginosa?t @Y £ 2ZA = 671 #F7}F
SREHULH, A& WA 7ol e HAdg
88 Xanthomonas maltophila?} SOF 2 *J‘:*U] |4
REE AL YT} E =T MAE P}
Flavobacterium 4:9] N% A EYS "J‘”’ﬂ 2
6}-1, AFE & F UATh Bacillus £ 6F0] TR
of, 7 derd Fez F4g0 e & 4 U3
o YA EA] e Y.
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Table 4. Identification of the bacterial isolates from
Mt. Paektu

Identification No. of strains

Pseudomonas aeruginosa
P. fluorescens

P. mucidolens

P. corrugata

P. stutzeri
Pseudomonas sp.
Flavobacterium campestris
F. gleum

F. multivorum
Xanthomonas maltophila
Agrobacterium tumefacience
Enterobacter cloacae
Bacillus sphaericus

B. mycoides

B. thuringiensis

B. brebis

B. cereus

B. amyloliquefaciens
Bacillus sp.
Cellulomonas turbata
Corynebacterium sp.
Unidentified
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YA F8 A EJAS EYNAEY 2XY
2 B 54 g EA3HT. RARY AHE
¥ FrEed f71EY FEHS 71 A HoHA
9 A4Y ESH vz oYy, Aat HopFs e
S48 B vl3 thi Witk

EGATY MAZE e 5% §7189 ol
=2 A9 37U EF (RARA 1), 7kE$ AL
2% #84 EAAY 6 2 A2 E (ERARA 12)
oA wATE WA &% Az ik A
40% oldg AR Yo} R EAHY HajHF
7133 AeS € & AT AYELE BulEie A
7Y BEXE FAUEE AHEslY RAKSE A A
Al Hlsl @A UEith o] AE A4Y EYY {fU1E
o] ¥=7t A vs] & B ohlg FFold
o 3RA EHY It Ad BEL A 2 3
7] g Fo|ct. B3 EF A= A8 e FE3I)
gio HEZHE FHge 9FFH, f714F 2 vgdl
Eo] FHIEE AJALE Hujde Agy Hgol
A g A02 AR dr) (Smith 1976). EF AHe] 73
S-o g Bk flo} wasts) oy The e
FAHANMY Th v Agd EXEve @it
(Ahn 1990). £3] Af4 B Uy dAo] Ue
ccllobiosidase® #H]3h= Algd vl&o] Hre AL
Ay e AFe] & 988 sz e RS
AAFS F T

ERAEE B AT sl wyE "R
%5 PCA Wi & AHE-ste] EEjst A% Z4zte] B
HZY @3t o2 FAHY IS 4 F AN
A EA AEe] Beld o3t gUgde] Bu|s ¥
g F99 vAEY WUEE Eo o]E Alo]9 AHAo)
FHEY, 45 AFESEr waEe ookst A3ty &
g Ad Ade] 34 "Ede A7 X3
(Bowen 1980). &, A& A9} &3] FHo] Fo3aA
B BHlEd o8] Aol FXE & e A
Eo] A EY U A g AdHoz Hg @
g FHAAME 18 $ Aol EAEAYF vue
aggAoln @239l Pseudomonas, Achromobactertt
Agrobacterium o] $38A H} (Richards 1987). &
AHANME Pseudomonas; ] Ago] 744 ®ol FRH
NoW  Agrobacteriumo] ZAIXA 58 72L& EF NE
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dqre A4 drEE A= Aok (Fig. 1). Flav-
obacterium3} Xanthomonas &< X@& Pseudomonas
&3 % fAEE e getMe 2 o2 53
£ 3 AtE Ude A& 2HH FHE A7y
50% ©o]Ato] Pseudomonas 48 Mgolgti & 4 ¢t}
¥ o] At A} Enterobacter, Bacillus, Coryne-
bacterium 133 Cellulomonas £9 AFEY Bz
7t 293 BadE A AR 238 48 7 A0
(Richards 1987). Enterobactere= AAA Y9 X $FE
o Ay AFLE FEY ¥ 93 BN Y=
EG nAEY FAH9e] @ $o2 & 4 Ut Bacil-
lus, Corynebacterium, 123 Cellulomonas &8 NTE
< AE AR gRY Had & 798 s 2y
Fd Adeoltt 18 AYEYY 433 R
UAR  Azospirillum 7L UYAY  AlFoly  Micro-
coccuse FRHA Z%om (Richards 1987), Achro-
mobactere Pseudomonas®t FAYS7] W& T4 #AA
< A& A9 A5 $3E 7teol s ¢ B
& EAste &5 AFE &5 B3 A
Aoy 2AA Y EYox go] £XFL LS & &
JAt (Fig. 1).

FFEY EAS A uF giRiY HedEL
Agels A8 2 £ dson, Foad FE
Aol st WAL HRF U 53] EXY d5F
F71ESF] AF AAZY Zrlde 4TS nx)A
AAEY BAHE o= AE 9FL viHE AL 39
A &, EGY I539 f71EHF0) dI Mg
WA Z717F FARE A Bl As)EZoi}
FHEF WAEE Ad AFEY 2E7} &34 o)g)
Z2e Ade 59 EFlde 54 Age) $Hs)
B Yehte d@4egds A58 4 dth (Bowen
1980). =3 dopgt #A N AAste FIAEE Alol9
737l 43 FAHTE= Zar] g R ojzg WA
&9 ¥/t ¥t £ 4 gt} (Atlas and Bartha
1987).

HEA ZAAH Y] BEYozRE EE AFES A
AFeg feEdd ddt WAZY EXE 54 g
B FAEF g AL vw3 &9} o] 43
FH o] A9Y E} HHAE EY VIAE Alolg] A
AAA S vla] olAAAE oA AEs} L Qzhe)
ZHo]l Htty HWYEc} (Atlas and Bartha 1987, A
% 1994).

2 A7E &A%Y EY A5 J&T Fubo) gt
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wed B pH, Yol ¥ &F 2 T34 YT
S 238 4 e, BX nAEY FEE AT F
g ks ArskA] Eih a7 A mE £
79 4L 977} ofRglh. 2y 8T AH
€99 nAEY 7NFe g AYdae aiEH & 2
o7 A @58 ¢ & AU &, HHESG W 1R
B2 Yyga 728 AE A9 B 53 72 A3
A 24 £8d 793 e AT, A8 HAH2ZA F
L3715 ), AR W ¥f FES W g3 E
g FdHE RE I

oz RyFY AEW At ZAo]u menaqu-
inone®] £AS A& st & XL VLS
3 Aol RIUFEL ABFY drasg At "4
B3} Ao FFAE BHFF oF ot}

)

WA g AE FEA 9 EGEAY EGuAE
o B2y 9 Rgge A dis] RAEIL. 2AAY
AQEGY g, #7118 FFH FEUAY] HAES
72} 21.6%, 9.15%9} 2.48 mg/100g ©2A 7]& AL
g Hol A £ A E% wkdgey, At
Holga 7 FA4Y B vd tha W

B AFe AREY | go 27~202.5%105 CFU
Bysy glod, d5FH 47189 ol & A9
B 2 BT Bk B AdEe] AL, elas-
tino]u} gelating} 7+ 18A EFE H3 & 5 U
o} SeiEEd W WD E¥Xe A ¥2 v
FAEA it AT H&E ¥z EUY. F,
o] A9e] EY AHAE EY UIAE Aol ZARA
of Hlah olARAE oAle] AEe} & A7+ 740l
Aoy AlREY 74 A9 EGAEE v gt
Fog FAE U

ZAAERE 2" AdF 294 T Pseu-
domonas, Agrobacterium, Flavobacteriums} Xanthom-
onas 0] F8 TAYoINeH, IFFIFLEE A
2 A= Bacillus?} WE-EL A3 2 A
YEGo| A o] BT UER Azospirillum
e UMY AMFolu Micrococcust e F4& T3
52 @sith By 33 4E B oF $4E
AYPste] JF3 FAHL 7|FEE s, LeEdS I
AElo] B Aot
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