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forest soil of Mt. Songni
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Abstract

The microbial population size of bacteria, and soil enzyme activity of amylase and cellulase were
determined and studied in relation to soil factors of different forest soil at Songnisan, August 1990.

The microbial population size of bacteria showed the maximum at F layer of soil and significantly
correlated with soil organic matter content (r=0.842) and soil water content (r=0.901).

Oak forest soil had larger microbial population and soil enzyme activity of amylase and cellulase
than the pine forest soil at each soil layer. The soil enzyme activity was correlated with the soil microbial
population size and soil organic matter content at 1% significant level, but there are no significant correla-
tion with soil water content. l

By the incubation of fresh soil at 28C for 10 days, the changes of bacterial population size and soil
amylase activity increased with the increasing soil organic matter content, but cellulase activity did

not showed significant changes.
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Cobb(1932) = ¥ 7] New York Botanical Garden¢] Y4+3E%3} hemlock E %A microbial popu-
lation?] WHE-g ZAFELT, 159 uXE EY 87 892 AES #} 9lon, Peterson(1967) & Ek2]
dehydrogenase &73-2 microbial inhabitant<] dehydrogenase 49} £3-< Wgsls ACE Bt} Pan-
choly and Rice(1972)E loam soil®] 22 0~15cm Aole] EA amylase B4E 243 v} glon,
old field®] o] ©Ae} SAH ] £7d wel Easdige] Wz E =33l amylase, cellulase, inver-
tageo] &4-2 Ho|7} FAH wat RolA|n, dehydrogenase?t urease AL FolA|v AFS High
1=
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Fig. 1. Map showing the study sites.
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Table 1. Tophographycal and vegetational features of study sites

Site Altitude Slope | Slope Coverage(%) Dominant Plant Species
direction
(m) (°) Tree Shrub Herb Tree Shrub Herb
1 450 SE 5 85 45 75 |Quercus servata  Fraxinus sieboldiana  Sasa borealis
Carpinus laxiflova
2 500 SSW 5 70 90 80 |Pinus densiflora P. densiflora Carex sp.
Rhus sylvestris Melampyrum roseum
Rhododendron Simlax nipponica
mucronulatum
3 580 W 10 60 50 50 |P. densiflora F. sieboldiana M. roseum
4 520 SSE |15 8 90 70 |Q sevata F. sieboldiana S. borealis
Styrax obassia Carex sp.
Acer pseudosieboldinum Ainsliaea " acerifolia
5 650 SSE 5 75 90 90 |Q. mongolica Acer mono Lindera obtusiloba
A. mono F. vhynchophylla .  Synurus deltoides
' A. acerifolia
6 550 NWW | 10 80 70 30 |Q. mongolica Styrax obassia Adenocaulon himalaicum
Q. serrata Agrimonia pilosa

7 530 NEE |20 8 950 &0

o

. serrata Q. serrata S. borealis
A. pseudosieboldianum M. roseum
C. laxiflora

2. Bakeqlel &

o?ﬂ.

EF5 AAT 24 80T AR FRo] g X A2A F 2w gL wrge
A5 '
EFeIlBHY  A2AZ ERS 500T AZIZAM AAZES AGAT e FBL NRg2 Sad.

& pH:05mm A2 A FAEF 59]9) deionized waterE 7}ote] RFam AAF F FF5AL
pH meter(DMS model DP-215) 2 &33 ¢tk

3. R 3

APd=E g A5 EY 1gs BAFHT A v S4S vhES & FEFAYd s B
1gF T52 2389t 24T Nutrient agar X (beef extract lg, yeast extract 2g, peptone 5g,
NaCl 5g, distilled water 1000 m/, pH 7.3), £7]14 ¥ FAA AALTATFFE FA 49 R (glucose 1g, K.HPO,,
0.1g, MgSO, 7H;0 0.02g, CaCO;, 0.1g, NaCl 0.02g, Na;MoO, 2H,0O 0.0005g, distilled water 100 m/, pH 7.5),
T F9 4= Czapeck-Dox agar v]X](sucrose 30g, Na,CO; 2g, K;HPO, 0.1g, KCl 0.5g, MgSO, 7H;0 0.5g,
FeSO; trace, distilled water 1000 mi, pH 5.5), 4T <= Egg albumin agar ¥i*](egg albumin 0.25g,
glucose 1g, K;HPO, 0.5g, MgSO, 7H;O 0.2g, Fe(SOy); trace, distilled water 1000 mi, pH7.3)S ZZ
AH&-8ttH(Aaronson, 1970 5 Parkinase et al., 1971 5 HiEHAbI9eE, 1970).

4 FAEA ] &7
Amylasee] A : A% ESF 10go] 3m/9) toluened A7 T2 & EEo] A1 15837 HXE 2%
(w/v) starch 898 10mi7}3lar 37CHlA] 5417t incubationdtAth 3599 giucose 32-S Nelson-So-
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mogy'Hel 3te] HFaT FHEY R A 2tF BAFE glucose?] ¥2 amylase?] FA.2 2 5t H(Pancholy
and Rice, 1970 ; Roberge, 1978). .

Cellulase®] B4 © 41413 B 10g°] 3 m/9] toluened 7}5t3 pH 5.99] acetate buffero] =& CM Cellu-
lose (1%) ¥ 20 ml 7}8}e] 30T A] 244]7F incubationdti A5 9] glucoseZ-S Nelson-SomogyH 0.2
A @5 cH(Pancholy and Rice, 1970 ; Roberge, 1978).

5. 2% 27

g B 20g, YT F, HE9 A8+ 5~10g8 H]o]7d] Y1, o]RL 05N NaOH/ E0] Qe
A7 10 cm. 0] 15 cme] Fof| vl 23 28T incubatordl 4] 247F B33 & 05N HCIZ 38 A s 2=
CO,%F2 AF3IL mg CO/100g soil/day= TA| A TH - EEis-Brged, 1975).

e S
7t AzoA AR EFY BA2U% FATS, EFEL BAL Table 29 2ok

Table 2. Soil factors, microbial population size and soil enzyme activities at each study sites in Songnisan
August 1990.

Site Soil Organic matter  Soil water Soil Total No. of Enzyme activity
layer content(%) content(%) pH bacteria  (reduced sugar uM/g soil/h)
(cells/g soil)
amylase cellulase
1 L 75.7 - - 4.6X107 1244 66.6
' F 70.6 - ~ 7.6X107 882 . 66.8
H 189 315 - 2.9X10¢ 343 518
A 11.0 238 . -~ 24X 10° 88 0.8
1 L 74.8 - - - 239.9 83.3
F 63.0 - - — 101.8 75.9
H 365 274 4.88 - 11.0 370
A 10.9 ) 224 431 - 13.9 13
1 A 9.9 15.8 444 - 21.1 6.4
2 L 85.2 - - 85X 10° 825 74.7
F 731 - - 1.1X107 915 58.2
H 437 22.8 5.37 8.3X10° 19.0 9.1
A 129 18.7 5.01 85X 10* 0.1 11
A 11.8 214 427 - 11.9 6.8
L 712 - - . - 747 61.6
F 58.2 - - - 59.5 55.6
H 54.8 17.3 - - 55.2 204
A 12.2 16.0 497 - 14.9 1.8
4 A 16.3 116 5.20 — 12.3 20.3
4 A 153 26.0 4.25 - 20.0 1.0
5 A 109 125 5.16 = 30.9 2.6
6 A 13.6 124 5.59 - 340 438
7 A 14.6 13.2 = - 53.6 34
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7 22} A&l A e] 718 §Fe LEoA AFol o|27171R] Zol7} F713e) W Zasdls FAEEE
BRI, EFTEETFL AT ESAA B FUEE EQlA tha EoH, $Y9 AEY dAFHE
AR, Ao g, A} Sl " ozt gisith

ZAFFE S3UT AT A 247 LE|A 46X 107, 85X10° FZol|A 7.6X107, 1.1X107, HZ
oA 29X 105, 8.3X10°5, AZol|A] 24X 10° 85X 104 Ha] FZoA] 714 2 3& Bgom, 1 ofsldA:
Zole] FUlel| we} ZAaste FARES AL BT, FEH EYA A2URR EY B gix 2
e JeEcH(Fig. 2).
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Fig. 2. Vertical distribution of number of total bacteria at Quercus serrata (@) Pinus densiflora(O) forest soil.

ol2g A= AF} A(1967) 0] BT AFEFNA e} AT #FE F93 Aol givtn
3t A= Zol2 Bggor), New York Botanical Gardeno A deciduous top soile] hemlock topsoil®Th
¢F 24)], hemlock®] subsoil2t= <F 68l Ald-#o] @oitl= Cobb(1932)8] ZAFe} Fgole FIRIE
E<9] horizontal successiondl F%reted LEtlE Brown(1958) 9 ZA¥, #E9] APE FEA
EgrdEe] 71 B3 I oate] EFFAAE Zold Fvtel wet FH ZAdE AF A(1967) <
Aol dX|E ok

E EYEASAT EX Folrt Tt uel @3] TAde FAREE Holn, g La
A9} amylase 4L F&9 oF 164] =0, HE M= F29 1/43, L& VY724 AR 3] gistgoh
Ty AT EGAe LA Eo FRoA amylase 840] 33, H3AE FE9 1285, A
A= HEY V4AEE Z4HAY Cellulase E42 FUER ESME LEAAMET FEA 1,
2UFE EYAE LEdA 28 Ot & e RAtFig 3). o Aol abrst FUT litters]
ey 4dolM Jl9ske o A4z

Reddy(1987)= ZE<e THEYOAN H|ZAEURT T3 48| ok Husta gorl B
HIENME BF == 29 Ut Bo] BEIE AFdA L ESFEATYL LT £ FTF Ao
zpolE QAT ©](1990) 9] A w=d BFME AFdAM Bk EGELTAo] YolAH, FEw A
FollA Bok dx3) itk olHd AFRE Hol mEZ o]F= AEF ok
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Fig. 3. Vertical distribution of soil enzyme activity at Quercus serrata(®) Pinus densiflora(O) forest soil.

AZFA NN 7195k BaFols ARHA Aol7t S1& Aoz JAdH, U4 AA2ANN EFELT}
Uehie 42 249 523 ARET Q4T mety eETad del gL 84 = 239
23 Ee e3ExdE A9Y =2 £3F £37 F3E Aoz dgdn

FAEFS} EFH7IESTT 28I EFFETIHE 47 FBAST r=0842, r=09019] 1% FFo
Foig 9] Fae BYk(Fig 4). T2 EY pHe BHe R4S AT + %i%iﬂr hﬂﬁ e
EGAT, Bl BATY T BEFEATH GO Fdo| glout Fhol LR = e
zZ7)E 8 FFL FA FIGREH Cobb(1932)9] A7, a1 T FFo] Arpre %LH% EgIM B

PFERT U 47D ADTY PAETE Fo) AVBAC) JACHW(RF B, 1967), ELFIEHEH E
PFERDT 7 T2 e B 4BV dokm BIH o9} H(1983)s) B YK, EF
AgEe UANe RN EdfTIB] 8T EFRABL EFe) Agel B AW 1 el

2717t AgEE AAETh )

EY Amylase, Cellulase 84-& B9 FAT9 247 284S r=0933, 09142 R 159 F93%
FBE JeEoH(Fig 5), EFR71E §F9= 42 r=0.755 r=0.0899] 49 F&& BYoy, EGF
g 4245 r=-0263, r=050622A4 F% FH ABY 5 AU Fig. 6).

ol# @ AFA B vie} o] EFELEYL B FATF F71EFF gt gk w (Ladd,
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log (No.of bacteria /g soil)

log{No. of bacteria/g soil)
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Fig. 4. Relationships between total number of bacteria and (A) soil organic matter content(r=0.842, log No.
of bacteria=5.13+0.0286<s0il organic matter content) and soil water content (r=0.901, log No. of
bacteria=2.96+0.112 X soil water content).
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Fig. 5. Relationships between total number of bacteria and soil enzyme activity.
(A) : Amylase, r=0.933, amylase activity=—210+40.8Xlog No. of bacteria.
(B) : Cellulase, r=0.914, cellulase activity=—139+27.6Xlog No. of bacteria.
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Fig. 6. Relationships between soil enzyme activity and soli organic matter content.
(A) . Amylase, r=0.755, amylase activity=—2.341.45Xsoil organic matter content
(B) : Cellulase, r=0.893, cellulase activity= —5.78+0.976 X sail organic matter content,

1978 ; Kiss, 1978), E%¥ &40 7|9e E%v /‘@%’%} exoenzyme T B AERA ] odle FFHE
A(Ladd, 1978)% AAMIET €97 ESHA71ESFL 548 B
AEFE 2H8A exoenzymeHo| FFHS vAe A= HuHch ,

3 A H EFS 28CoA 1097 8] FAEARES SRS FF5HA incubationdt £ Z+ F79
T HsH A48 WstE £ 29 FATTE 74 E4 samplecl Al oF 108713 F71st9 o0, 2%
7B Fo] B EFYFE % TEE AFNFig 7). EFY amylase F42 7} 4 sample?)
F7to] 523914 1093 glucose uM/g soil/h= Z7Fate] of 2u) o] 2712 3t o] sample E ]
£o] ¢ 18~20TUE AL ¥Zo] BY &% 10T Zrlo] 2uje FAEA FolE yrhd Aol =tk
Iy EY amylase 849 SV 17189 FHo] B ESYFE G284 FVER A Aoz
Hol amylased] A€ Zol7l &9 3o 2 Z719 exoenzymes AN 4 = FF(Kiss, 1978 3 o]t
4, 1983) QEY Aoz A4 {IETF] B EFUSFE 7F TV F23d ez dudd
a3y 29 Cellulase 42 2xAgox 78 ¥53 4L 2YHFig 8). t$7] amylase
Q9= 28] fU1EREC] E EFLAEE 849 T FREA] o) cellulased] X £x9] A=
Qs E71d Foly 718 Ao FEldctr] Boe cellulase’t § 584 (Paul and Clark, 1989)¢] 7]
o] Egke] 2T e cellulosed] WEVL flE ZZo)HH 2= = T FEa49 Aite 7
=R o, 71Ee EY cellulaser HEYA F4d F5EHAY sEtdoz AfH oM FE
—organic complex?] F2-& Ux}F 02 extracellular enzymesdl] th3} soil colloid®] SHAEHE AL ztx
9L B cellulaseE A 4= U= white rot X brown rot fungiEo] B7|7h el Z/4Ex] 23k A1z
A7y d
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Fig. 7. The effect of incubation of soil at 28C for 10 days on the changes of bacterial population size.
—— : Fresh soli, r=0.842, log No. of bateria=5.13+0.0286Xsoil orgainc matter content.
--- . Incubated soil, r=0.790, log No. of bacteria=6.17+0.0246Xsoil organic matter conternt.
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Fig. 8. The effect of incubation of soil at 28C for 10 days on the changes of soil enzyme activity.
—  Fresh soli, ——- : Incubated soil
(A) : Amylase -
1: r=0.755, amylase activity=-—2.3+1.45Xs0il organic matter content.
23 r=0.935, amylase activity= —42.74+4.74 X soil organic matter content.
(B) : Cellulase
1; r=0.893, cellulase activity=—5.78+0.976Xsoil organic matter content.
25 r=0.899, amylase activity= —10.5+1.08Xsoil organic matter content.
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Table 3. Correlation coefficients among the soil factors, microbial population size, soil enzyme activity and
soil respiration after incubation at 28°C for 10 days

Soil organic Soil Enzyme activity Soil
matter content pH amylase cellulase - respiration
Enzyme activity
Amylase 0.935** —0.190
Cellulase 0.899** 0.288
Respiration 0.867** 0.523
Total bacteria 0.790* 0.078 0.836** 0.808** 0.806**
Nitrifing bacteria 0.852%* ’ 009%5 0.892*+ 0.863** 0.828**
Actinomycetes 0.613** —0.162 0484 0.504* 0.517*
Fungi 0.736** —0.588 0.780** . 0.792** T 0.672**
g
E“ 400 B o :: 8
= / 3
E K e
& 3001 o ! <
S / g 7t
2 / o
) / 2
3 / T
T / Zz 6
o [ S
o 100 /:/ |/
n ! o (Y
g s 2 s
> o
<E[ 2 Y -/ gr:';; 1 1 3 5 :l':. 1 I
5 6 7 8 200 400
. ) Amylase aclivily
log(No. of bucterlq/g sail) (glucose mM/g/h)

Fig. 9. Relationships between amylase activity and number of total bacteria in fresh soil, (A)—1, and at tempe-
rature treated (28C, 10 days), (A) —2, and number of nitrogen fixing bacteria and amylase activity(B).
(A)—1; r=0.933, amylase activity=—=855-+141Xlog No. of bacteria.

.(A)—2; r=0.836, amylase activity=—210-+40.8Xlog No. of bacteria.
(B); r=0.892, log No. of nitrogen fixing bacteria=5.42+0.0062 X amylase activity.

Table 3914 B ule} Zo] EFaRls 7t B0 BETY 37|, 4 EFEAS] A #A = fresh
soile] el Aa 2l

Egke] AT, vFAAN 7Y AAIF TS, FF 52 EF ESRVIESTES 1% FE04 £
oko] A B3, Eoke] amylase, cellulase A% ZF Fe] 379} %] A4S Bt ©$-7] 6|34
#5714 ALTAFSE amylase, cellulase B4 242k APAF r=0.892, r=0.863< BYth. o]2|g A=
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Fig. 10. Relationships between soil respiration and soil organic matter content(r=0.867, soil respiration=119+

0.315X soil organic matter content).

L=z e EPe] ARG & Qe vAETe] FUkete 7] FFe] FRAMFLEA ol "6"%
ol g3l EV|AAE IAY F JE HFTYA 714 A2AATFIE BV Aoz AAEH(Fig 9). 2

ol8 FATATFY Fvte ECl © Be IAE FTHIl LFHEY Hold IFE FT A= "3
2}5]m, Pancholy and Rice(1973)¢] Hol@Ald]l ME o]F EaBAel s B8 ATE odF HAES
gt

EFsFe 74 32 278 foF 4BE BYon EY] fUERHAE 1% FE FAT dde
Btk o]RL §71EF F7ld mE) To] FUIEA 1 A 259 gAlEe] Fvkeke AlE dddrt
(Fig. 10).

i =

L E% Zod FAgsE FEdA Hdas BYon, Zele Frtd o F3o] Hadhe HWEs
| FAEEE Bon, 2uFY EYdA B2 FURY EGAA & @ JERh

2. E%¥ celluase 842 ZUER EYoA AURE EGlN HZo) & g& 2P, amylase TG
T L FRoAE 2UFEdA 2o 5oy H AFdA= Ak _

3. FAETE EFRVETEH r=0842, EGRVIETEAE r=09019] 1% FEANAY %o @S
Hygon, 2ATFFd EY cellulase @ amylase 8L 242 r=0.914, r=0.9339] %9 A4S Jelyh
E% cellulase$} amylase B4 ESGG7| 53 r=0.755 o|Ate] & AHE HPo) B2 #s=
ZZ} r=0506, r=026322 Fo3 4EL JAAE = AUk
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4.°28Co)A 1097t E%L incubationdt ZA3} §71EFTFo] Be ENFUSE FZT amylase %’“«]
7S 53\9—“51 cellulase E49] Ws= F9% Aoz gk

5. EFEEe 7 #F9Y Z7), ESAVIERET 1% 559 f% 49 »u_ Byl

6. ¥3AA 171/‘* AANRFATE FATT, cellulases} amylased] FEA ALY £ o 4FL
Hol o]ge] 2o % B AATFS FUME F e RAew AZEn
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