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ABSTRACT

Soil condition, total number of bacteria, soil amylase activity and microbial biomass (CO,-C)
were measured at soil of different forest types. And the difference of the allelopathic effect was
determined between fresh leaf extract of Quercus acutissima and Pinus rigida to the bacteria isol-
ated from soil of different forest types.

1. Total number of bacteria in Carpinus laxiflora forest soil was 4~7 times larger than that in

Pinus densiflora forest soil.

2. Soil amylase activity was positively correlated with total number of soil bacteria and soil or-
ganic matter content, The amylase activity at F layer was 4~5 times larger than that at H
layer, and that at H layer was 2~4 times larger than that at A layer.

3. Seasonal changes of microbial biomass showed a peak in summer, and vertical distribution
of microbial biomass decreased with increasing soil depth. The microbial biomass in Pin-
us densiflora forest soil was larger than that in Quercus serrata forest soil.

4. Fresh leaf extract of Pinus rigida and Quercus acutissima showed an acceleration or inhibi-
tion effect on the growth of soil bacteria, and that of Q. acutissima inhibited larger number of
soil bacterial strains than that of P. rigida. 4.2% and 25% of soil bacterial strains isolated
from soil of P. rigida and Q. acutissima forests were inhibited by fresh leaf extract of P.
rigida and Q. acutissima, respectively.
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Table 1. Tophographical characteristics of each study site

Study Dominant tree Altitude Slope Slope Soil Locality
site species (m) direction degree(’) depth(cm)
St. 1 Carpinus laxiflora 430 NwW 10 50 Mt. Sokri
St. 2 Pinus densiflora 350 N 0 40 Mt. Sokri
St. 3 Quercus acutissima 100 SE 10 50 Suburb of
Cheongju
St. 4 Lavix leptoleprs 80 SwW 20 30 Suburb of
Cheongju
St. 5 Pinus rigida 85 SE 5 35 Suburb of
Cheongju
St. 6 Quercus serrata 540 SSE 15 30 Mt. Sokri
St 7 Pinus densiflora 570 SSW 20 30 Mt. Sokri
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Table 2. Vegetational characteristics of each study site

. Tree height (m) Coverage (%)
ite
Tree Subtree Shrub Herb Tree Subtree Shrub Herb

St. 1 15 6 - 1 90 10 - 75
St. 2 12 - 2 0.4 75 - 90 20
St. 3 20 - 2 0.3 80 - 45 85
St. 4 18 - 1.5 0.2 75 - 20 30
St. 5 15 - 2 0.5 80 - 20 80
St. 6 18 5 2.5 0.7 85 10 45 75
St. 7 20 - 3 0.7 65 - 80 30
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Fig. 1. Seasonal changes of soil factors at the St. 6 (left) and St. 7(right) in Mt. Sokri.
@ : surface soil, O: - 5cm depth, M - 10cm depth
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Table 3. Soil factors of each study site

Study  Dominant Soil Organic matter Water content pH

site tree species layer content (%) (%)

St.1 Carpinus laxiflora L 92.1 13.5 -
F 70.6 33.0 -
H 18.9 3L.5 4.9
A 11.0 23.8 4.3

St. 2 Pinus densiflora L 85.2 9.3 -
F 731 23.6 -
H 43.7 22.8 5.3
A 12.9 18.7 5.4

g€ Afolo] 714 E& @S MY, ENRSY, 4718 AT % B pHE Holo we} ok o
24 = JaoAel Aot Ael goH, EF Bl $FS Addsne AYH 2 Wt
2 U7 5 AUk

ESMF AT F0I19 EALE A #Y

S 7] 4= A4 wat o]yt ATk Table 4014 B vhe} o] F A& 2F £
Abe] Eoko 2 A QIzbe] ZHo] Wo] ZHEl AR ¥L FALE B i MR EF (St 1)l
AUEY E9(St. )BT 2AHE BE FolM EATFFE BUT. EFNTFE FAL 250
A agEdA b gdn GEE, B, AZ Y ¢o2 YEKT

£ Y| HAe} zpolo) ubet FFY 20| 7t U&-& olr] Bg b AAcHCobb 1932, ©I
o} 4] 1983, o] 1983). 2 AT M T 2 XA B4 S AAFY EdlA T#
ol 7} glgol WA, BRI Moy d EYo] A 2UFd EY Bt 28 EY
Zo A 4~7d] B FFL BRA F Aa9 zt EGFoIM MFFe Aol HEFAA 7}
F Pon Ygay 242 1281 A% ¢olUrt o] RS New York Botanical Gardenoll 4
2948 TZEYo] hemlocke] BEZEFRT 21, ASE¥Hthe < 64 wrie 27 (Cobb

Table 4. Soil bacterial population and soil enzyme activity of each study site

Site Soil Soil bacterial population Soil amylase activity
layer (log cells / g soil) (mM glucose g soil "' h™1)

St. 1 L 7.66 175.2

F 7.88 95.0

H 6.46 22.7

A 5.38 11.4
St. 2 L 6.93 82.5

F 7.04 91.5

H 5.92 19.0

A 4.93 5.5

L: litter layer, F; fermentation layer, H: humus layer, A: A layer.
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1932) 8% #A}3he,

EFaols AFFoel AN EGFE SR pHOE 4BE AT F YYOT EFR
NEgRe N5 JBe Bl EYRIIZo] EFAF AL
= Bu 4RSS AHSE Fa 2910w vyt

a9 EoF obmetolAle] BAo) AAME BHFUY Mot Td Eare] P4 27 H
=g RE ZolA 2 e UERAAT (Table 4). 4133 AZolNE Balo] o 2u] Ao
o, EZF L FAFIMe) ol 1wk A9}, olej e B oluatolAe] B ke
Q1 FolM 718 BT FAAF 1 = 0,90 (hAeheln] BH = — 175 + 158 x #718F
o) frolg WAE BAL, F AFFME FRAS 1 = 0.86 (b TpolH] B = —250 +
18.0 x MFF) Y ATe BT (Fig 2), £F § A& 25 BHFNA obdeolx) 4
¥AF B4~ BRom, FAFS AZol ua 2~4u) HE T B Tk Tt A
TR ENME FUFAN M Be BHL RAoU, ARY BN e g uo
WEZAN S G tEhiol GG Fol Wt HFel ALBHLS SR 4 ue
2ol EFRINEUH ool BgATel Fol ARB F A, 25 ARl o8 F7I%) B
& BABFo) o) TolHE AoE ¥ w) B obdetelAe] Fe Y F#o] v EA
Afehs AoE B 5 Ak (Ladd 1978).
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Fig. 2. Relationships between soil amylase activity (mM glucose g soil™! h™!) and soil organic matter
content (left) and total number of soil bacteria (right).
O forest soil of C. laxiflora
@ . forest soil of P. densiflora
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Table 5. Microbial biomass of each soil depth at St, 6 and St. 7

Microbial biomass (mg C0O,-C /100g soil)

Locality Depth {cm)

30 Apr. 11 Jun, 13 Aug. 12 Sep. 16 Oct.

surface 43.3 68.3 299.6 180.7 65.6

St. 6 5 26.8 06.7 106.7 76.3 41.1
10 16.1 60.2 33.2 30.9 20.6

surface 39.1 207.0 347.8 274.2 108.1

St. 7 5 35.4 120.6 88.9 110.7 59.6
10 10.6 53.8 38.0 49.4 54.3

A3e FRAEEE veEhloy, nAEFe ofF8d /M & 3s JYeEld Y (Table 5).

St. 7oA 9] oAl B Hughe REA 347 mg CO-C /100g soil 24 84 Fol Velste
o, St, 6914 22 ol 209.6mg CO»-C /100g soil& YER o], F¢g42 3Ry EYR
o} AR Eo] dAE 22 mAEES Bt YR B Hel, 28 2 Aldoe
z}o] 7} gl o1} Christie and Beattle(1986)-2 & %] E ofoll A] 2841-4100 xg CO,-C /g soil®] 7t&
Aden, HAES) GE A= 2z} 673-736, 614-647 4g CO-C /g soil2] 7S ¥t

¥ % Schnurer 5 (1985)©] 230-600 pg CO»-C /g soil9] & ztzt 9-& A# vlwshd 92
vt A EY A v EF L ZAEY HEiM = A2 LS Hola sl

oA Eeke] AMWE A wefaty AUy AP AFse] A5 HES W
29 71(1989) 9] Aate) 2o o) F4e] AF HEE A 0](1983), 19} 4(1983) 2
A7e} 2 AR g}, of2 gk A AP A L] oA Hge] BallE ujo vAE Fu Y
g9l 2759 YA ztolol wret @A) ttE1 AMe wEtA e ke 3(Witkamp 1963,
1966, 4 1991) .2 ol v, o] E n A& A HES E9 259 YT Ado] Ak

=

&
21

AR =3 FFde| EYE M MEol ot I

1) =& @2 stitol] o3t £t M7 HF AH

7IgauFe) Aol A FE2 0] B BelE 4 A 759 AFd nA e
A4S oolH 7] 93t plate diffusion test 4+ Table 63 2t}

MRy By gritihuE XY EYOo2HEH 2E3 75 42 4% T 1584

Table 6. Inhibition effect of fresh leaf extract on the growth of soil bacteria isolates from each forest
type in plate diffusion test

No. of bacterial isolate Fresh leaf extract
Forest type . -
from soil P. rigida Q. acutissima
C. laxiflora 24 1(4.2%) 9(37.5%)
P. densiflora 16 0(0.0%) 5(31.3%)
Q. acutissima 20 0(0.0%) 5(25.0%)
L. leptolepis 20 0(0.0%) 10(50.0%)

P. rigida 24 1(4.2%) 9(37.5%)
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Fig. 3. Effects of plant leaf extract on the growth of soil bacteria.

(A) acceleration (B) inhibition (C) no-effect
@ control, M: 1/2 concentration of leaf extract, O: 1/10 concentration of leaf extract,

[1: 1 /50 concentration of leaf extract
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tho] 7 IttAUE o] F&d) o8 L Aol AFHUL, FUHFE FE2 ) A= Ao
URy oM BT d3F 4F 5 9%, 2UFYH EYAA Bels TF 16F 5 5%, 45
VR EFdA B3 #F 20F 5 5%, EAYZDUE ZYPX) EPlA B3 7F 20T F
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H #FE 1Fol9er, A Uiy EYolA] EelE o5 & Aeaud A 5299 98
Agol AslE gFv 5508 247t 4.2%, 25.0%2 o F7F Aol Al g wglt), ol 9} o] 7}
24y o] Eol A Aadte A Folle 2 ALE 383t AEEY o 594 o3 3%
o] A %o 9, o8 g FFL AR R FuFo ZpolA oS A4 vElET o]g
3 Ayes Ay °‘£D} b9l 9] tannic acid, gallic acid, catechol €&8Fo] =71 RS2 &
2= } (Henis et al. 1964), o] 5 2] &1 1] XA} A7 oo & Hold},

2) =3 F@do| HoLE vix|oliA2f sk

gaglo 2@ YL A8 29 FEHo] A 7o 4Ag EIATHE 1 ZHE A
ol 4 vk 2elA BEYI MINAYEY Tt S E AE 232 FZH0] HoE uj oA
Broth culturedtd s EZFFEAZ AN DHcE FHEE Ao 2HFFd0) 2t FF9
Aol et AEgS dol B Ao 218 2 FFAo Hutd ot Z} J"éi °ﬂ*‘1 —-—Blﬂ T
Fo AR U3 FFE o APl AT E AL, FHHE AS, oA
A %= B 5 37HA 3ol ettt (Fig. 3).
2B FEq9 Hrlol 98] #AAF0] FHH FEe 2AFESHY YRS FaHlsteE 543
Ao o2 AztEn, B2 43 23 doj EYuj g o] HAXHHAFS TF5A ol EYy
A g P A= etdAdolt) (Rice 1964, 1984). o123t el A x 7 Y99 A% e EYHF7I
o] A0 wel dupit Gojrlerhe ofF & ¢ jlon, ol# 3 FHEo g A we 53
ol Eon| AW EAo] 7158t 1-9-7] Benoit®} Starky (1968a, b) & A A€ wattle tannino]
polygalacturonase, cellulase, urease®] €48 A3 ZFAAZicta 3l h o)z W& W)
Ao R gl XG4 g F2AAY EYAES FxAATY 4HE AT F Utk A 21E
21 g0 o8] o] & Hallxte] A9 xfole} tlEo] 12 Q1% B EF FEizt A4 F o ue
2 zoj7t A& AR ALY, ozl d AL v FPho FH M O Frejd JoR o4
=3

H 2

N4Ho) THE Aol Bl EFaAH F M, B amylase 4 2 v AEFE =
Rem, 4 YPEGCZREY FoE 7ol vated 45U frltadRe) 4Y 25
o) BlraTE AESAY. 1 ANE aoksy

L & Agae NoluRg Eoo] AUFdurh 4~70 Bon, oz 2ol SaZolA

744 A,
2. B oludoldl $4¢ ¥ AT, EFRIE FF7 09 5L o) ABBAE e
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471-482.

OB - A=, 1983. A A H|F A 714 AT HEo #ale], 3h=n| A& 83 =
21:71-78.

OJEf §-. 1990. EFa Lot B a7 A MU s =12 F 25:293-303.

ole] % - A=, 1991a. EF ol Bxsle 3714 AFY HE g A7 AAdE 7=
3t P =% 4:51-68.

OJef - - A=, 1991b, el EUn| M E L ESE Lo B AR IZAAREHE AR
LA 29:247-259.

A7) - A 1989, Teparel AR B rivtauF oM o] gdo] At e, =AY g
3] %] 12:9-20.

Anderson, J.P.E, and K.H. Domsch. 1978. Mineralization of bacteria and fungi in chloro-
form-fumigated soil. Soil Biol. Biochem. 10: 207-213.

Benoit, R.E. and R.L. Starky. 1968a. Enzyme inactivation as a factor in the inhibition of

.
3

i
o
of
og
ofi

o3
¥
>
=
=
£
s
Mo
i)
—_
oo

decomposition of organic matter by tannins, Soil Science 105:203-208.

Benoit, R.E. and R.L. Starky. 1968b. Inhibition of decomposition of cellulose and some
other carbohydrates by tannin. Soil Science 105:291-296.

Christie, P. and J.A.M. Beattle. 1986. Residual effects of clover on soil biomass carbon
and nitrogen in re-seeded grass swards. Soil Biol. Biochem, 18:621-627.

Cobb, M.H. 1932. A quantitative study of the microorganic population of a hemlock and
deciduous forest soil, Soil Science 33:325 345.

Henis, Y., H. Tagari and R. Volcani. 1964. Effect of water extracts of carob pods, tannic
acid, and their derivatives on the morphology and growth of microorganisms. Applied
Microbiology 12:204-209.

Holland, E.A, and D.C. Coleman, 1987. Litter placement effects of microbial and organic
matter dynamics in a agroecosystem. Ecology 68: 425-433,



June 1994 Lee & Shim : Microbial Population and Amylase Activity of Forest Soil 183

Insam, H. and K. Haselwandter. 1989. Metabolic quotient of the soil microflora in relation
to plant succession. Oecologia 79:174-178.

Jenkinson, D.S. and D.S. Powlson, 1976a. The effect of biocidal treatments on metabolism
in soil. I. Fumigation with chloroform. Soil Biol. Biochem. 8:167--177.

Jenkinson, D.S. and D.S. Powlson, 1976b. The effect of biocidal treatments on metabolism
in soil. V. A method for measuring soil biomass. Soil Biol. Biochem. 8:209-213.

Jenkinson, D.S. and J.M. Oades. 1979. A method for measuring Adenosin Triphosphate in
soil. Soil Biol. Biochem. 11:193-199.

Ladd, J.N. 1978. Origin and range of enzymes In Soil enzymes. Academic Press, Inc. pp.
51-96.

Pancholy, S.K. and E.L. Rice, 1973. Soil enzymes in relation to oldfield succession:
Amylase, cellulase, invertase, dehydrogenase and urease. Soil Sci. Soc. Amer. Proc.
37:47-50.

Parkinson, D., T.R.G. Gray and S.T. Williams. 1971. Methods for studying the ecology of
soil microorganisms. IBP handbook No. 19. Blackwell Scientific Publications, 116p.

Rice, E.L. 1964. Inhibition of nitrogen-fixing and nitrifying bacteria by seed plants. Ecol-
ogy 45:824 837.

Rice, E.L. 1984. Allelopathy (2nd ed.). Academic Press, Inc. 422p.

Ross, D.]. 1982. Restoration of pasture after topsoil removal: Effects on soil carbon and
nitrogen mineralization, microbial biomass and enzyme activity. Soil Biol. Biochem.
14:575-581.

Saito, T. 1966. Sequential pattern of decomposition of beech litter with special reference
to microbial succession, Ecological Review 16:245-254

Schnurer, J., M. Clarholm and T. Rosswall. 1985. Microbial biomass and activity in an
agriculture soil with different organic matter content. Soil Biol, Biochem, 17:611-618.

Witkamp, M. 1963. Microbial populations of leaf litter in relation to environmental condi-
tions and decomposition. Ecology 44:370-377.

Witkamp, M. 1966. Decomposition of leaf litter in relation to environment, microflora, and
microbial respiration. Ecology 47:194-201.

(19949 34 169 H)



