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Summary

This study was performed to find out effects of different surface soil
management practices on density of soil microflora, genera of soil fungi, soil
enzyme activity, and microbial biomass C in soils of open field and P.E. film
house citrus cultivation distributed in volcanic ash soil. Soils were collected from
20 different sites of clean cultivation system, 15 sites of grass sward system,
and 13 sites of grass mulch system on May and September in open field citrus
orchards. Soils were also sampled from 20 different sites of clean cultivation
system and 15 sites of grass mulch system on March and May in P.E. film
house citrus orchards.

Soil chemical properties showed no difference with surface soil management
practices in open field and P.E. film house. However, soil pH and exchangeable
cations were higher in soil from P.E. film house than open field. Densities of
aerobic bacteria, actinomycetes, and fungi were at 10° cfu g, 10° cfu g, and
10" cfu g', respectively both in open field and P.E. house. Among aerobic
bacteria, density of thermophilic Bacillus spp. was at 10° cfu g1 and
Pseudomonas spp., Rhizobium spp., and Pseudomonas spp. were at 10°~10° cfu
gfl. Density of Xanthomonas spp. was at 10'~10° cfu gfl. Densities of soil
microorganisms were not affected by the surface soil management practices and
soil sampling time in open field except of Xanthomonas spp. In March, when the
soil moisture content was high, densities of soil microorganisms were higher in
grass mulch system than in clean cultivation system of P.E. film house. In
May, when the soil moisture content was low, densities of soil microorganisms
showed no difference with surface soil management practices in P.E. film house,
but densities of soil microorganisms decreased in May than in March. Number

of identified fungi was more in surface soil than subsoil and Aspergillus spp.



and Penicillium spp. were predominant. Density of thermophilic Bacilllus spp.
was significantly increased with soil pH in open field, however, was not in P.E.
film house. Phosphatase activity have no significant relationship with soil organic
matter contents and available phosphate. Cellulase activity was higher in grass
sward system and grass mulch system than clean cultivation system in open
field. The amount of microbial biomass C was higher in grass mulch system
than clean cultivation system and grass mulch system in open field, but in P.E.

film house, different system showed no difference in microbial biomass C.
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Edde Gy HzAdsted A A9 e
olgA vt /AT 731x10° cfu g, WA 53.2x10° cfu g, AHFTE 16
cfu g, 224 Bacillus% 1094x10° cfu g, &34 Pseudomonas % 80.7 =10’
X5t vt RIEHJATHA T, 1996, A 5, 1998). Flanagan 2}
Veum(1974)& &% Zw dzx 5ol EdndEe] + 2 A3 #AAV =

Doemel ¥ Brock(1970)2 +dAnAES] F¢ 75 =9 T/7 Ay o
Al AA WEethal sk AT S AEC] IR ET AT Feok
FTH7F S/ B E 9l o™ (Agnihothrudu, 1955), Bull®} Slater(1982)% = %42
st Az os] EG vAENe] AA WEEHo AEEgA HFS Azl
stoirh = B wAEZAN ES pHebE el Ethal HuHATHH F,

1984; A, 1998). WE U= pH7F 1A Bacillus®, 8334 Pseudomonas 4,

del= 7] wiel AR ddFS U=

ol

cfu gloz B¥

&

Wt el oM §, 1996), 7= @t LA Bacillus% bl L%

o] Aol el Slol f71E A& WEE FAG= shute] W AAH Ut

Hi s emdt T, 1975), o](1986)v= EdTo F&A QiES 7HE3E Al7=

AP IRo] #Ele] B arEdth o] 5(1988)2 AFE WESY mAEREREIE &4 B
kol mAESF HFe] A2 1/10~1/100W), Adrd+= 1/280A % o]l A+t
AP EH= g 9=t M5 Rhizobium spp. 5 °] AA|S= Hl&o] =}



A skt A 5(1996) MRS EAGY] A HEd EG A mAETE Al
& 1.7%10° cfu g !, AT 85x10° cfu g, AMFT 4.3x10" cfu g, AERE 8§
2= Al 29x10° cfu g, AT 9.8x10° cfu g, AMFT 64x10° cfu g 'L
W k2 EdY pHe WATS Ao Aws deHlda stk FEdelA
Vesicular-Arbuscular Mycorrhizae® EY% 9 09 45 SUA7| ZE2 A
& FA7E Ader BaEdrk(e], 19864 5, 1997, 3, 1997).

EY 248940 EY A ESnAEY 245 eyl Skl gel

[-'O
-
s

S tHBolton %, 1985; Martens, 1987; Vance %5, 1987). E% #7]¢14S *
7114k 0. 2 Holsh= AAAQl A2 mAE st o] Fofzith o 7]o] o]
£ E 79| Phosphatase?ld] 7]212Fe] F-7]3}ol = Phosphomonoesterase’} % 2.3}
A AEE st A ESAA= 4 Phosphatase®l &/de]l =thal kit
Phosphatase @42 Z Ao we} Aojdd] EadA A == 25~30C &
1 3t o™ (Bremner %5, 1975), Phosphatase A& E%UF9o #7
Py AaaArE doba A Gerritse®} Dijk, 1978). T3 Trasar-Cepeda$}t
Gil-Sotres(1987)& A3 AFAFF 9] Phosphatase @4 & AFA E oA o} F7] &
o] =2 A4 Eoo| = A Phosphatase?’} 583 98-S dto] pH7F 590 A4
6 Aol A uwl 7Fd =uhal 3FSth Nakas 5(1987)2 vAl &2 pH® Phosphataset
o A0 whel Adolsty Alstel A Edo] E=ual s Th A (1994)+= Bacillus spp.
Pseudomonas spp.©] Q14 7F&-3ks 0] Hojuvrhal gk qith
4T 71d Eolydo] dE EAZA Cellulasers F7]129 #a 34 Fo &4
o} Qo] FFo Fag A4S sted FUIEAIElgE G A oA 71H
T weo] dA3 gepzivtal sk tH(Klein¥ Koths, 1980), F17(1978)
= ALY AREA 4FY FrlERHd e 35, 24299 o

=3
et Baskdth A 5(1988) A=A A4 ¥ Cellulase®] €42 Solxith

A Y F71E

o

et

B

Z}
A}

oo

=

Folwm ofAERFol wet FEe] ol At AxFow Eo
mAgEe] o] Wi G Fo] AR AN AbEske] glojAY ol & ol

2o F48 FAH0] o5 MARI pAH i B F7)

D
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o
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o
rir
=)
o

Ao AT &, 19877 5 1988). ¥ (1984)2 AFitA| Tetrachloroisophthaloni



(Metting, 1992). E¢ mAEA CY 4S5 Slstode FEZEZIF T5 WS
(Vance 5, 1987a), 22X 5 F3F FEW(Vance 5, 1987b; Inubushi &, 1991),
5% k& (Van de Werf, 1987), ATP

ZF CEdHe = EYEA 2~5%9 o231 (Jenkinson ¥ Ladd, 1981), 7] &3k
AZ 7FA 2 YA Biomass C/soil C ratioe 71%, Z&4 2 &2
5o ueg} Arelsttta 3k tH(Anderson ¥ Domch, 1989). £ Biomass #F2 E9F

AESE WHE WAS AT QY] MRl A EFA Aol 45 A

J
¢
4
¢
i

b

f3lo] Eed Ferk Jed pH 43~540] o2 Eokd AIE A
> 1’ S7 sk vkar ek th(Adams 5, 1983). A1(1999)
FTY PAEAFS Hokde frIEC]7] witel @HHA G wAAZA Fo] B
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m A= 2 IH

1. EYAIE AH
ESAEE B E o] H AIS o r =X d¢-2olA EE
e wndel wel A A, 2AAN, FxAz sk A sk H A A=
AzAE AHEste] WA AHz #es s ddd, 28 s Ad2AEs o] &ste=
aEd, FxAmE AlokxE o] g5te] REE #HEsE UMY AEde "o
A dEdo s 5EONE ) oL (A di 7ol A AN e 2004, 24
Al g 15704, F2A 29 13714 F 8A-AA EGS AFAS AT 3§t
-2 AiztE Ao s 390Nst 7D @ 5L (EAn g 7)ol HA A HEY 2071 A9
A 29 15704 5 3BAHAA AFA A H(Fig. 1.).
EGS 10eme] REE AFA Y FE ZHE 2mmAE THAA Zl Aol
ol 4T Wiare] BastiA A&ttt FE AMdTEe] £& 4357 9 2
0~30cm®] HMEE Tt AFstArh EFe] st 44dg 243817 A EG

= TAste] Abgetlen MAEEAE EGAEE FE FHE AHESdd

L

e
e

Fig. 1. Sampling sites.



i, f 7158 Walkley-Black®, A4 4
W, A ZE, 2, s e

Gol&2 IN NH,OAc(pH 7.002 HE3te YAEH3 =7 (Spectra-200, Varian)Z

3 B VAR 24

EY vAE 24 e ES vAE AIH(IEMEDIE S, 1992)0 &3k,
AEu RS AFE-3te] 3 HaH o AU T 7| AT S Yeast extract-Glu
cose(Y&Q) A, 3224 Bacillus spp.<> 348 NS& 80T water bathell A 103+ A
213 & YGUIAIZ AF&3F 2, WA S Glucose-Starch—Asparagine(GSA) 8] #], A}

A2 Rose-Bengal(R-B)WAl, - Pseudomonas —spp.<= King B-1(KB-1)u]A],

l‘_>L

Xanthomonas  spp.<  D-5¥WA|, Rhizobium spp.< Yeast extract-Manitol
Agar(YMA)H| A & A}-&31e] 7|5 o] &, 28 CollA 7 Al&d 3wtEo=r 574

A A £ 5~79, AP TS 3~49, HATS 10~14Y9 g 3k o
Petri dish#tell UEbD colonyS Alg g om A& Zhzte] mjAxAe ¥ 1 3

2o vMAESE A @ F B

)2 ARked.

o

2 A =(colony forming unit : cfu g A

ATl BEFEAL F4 A €9 T Rose-Bengal 3HAw|AAe] HFE
Hole slide glassoll hanging drop method® 327]5 o]&, 30 ColA PDAHAZ
AREEte] 2~3YU7E Bkt vt § FstdAn|F o xzte] PEHE At &

g 4<% 39t (Ainsworth %, 1973).



Table 1. Medium for the soil microbial analysis

(unit: g)

Ingredient YG GSA R-B KB-1 YMA D5
Glucose 1.0 5.0 10.0

K>HPO, 0.3 0.5 15 0.5

KH2PO, 0.2 1.0 3.0
FeSO, - TH20 0.01

MgSO; - TH20 0.2 0.5 0.5 15 0.2 0.3
Peptone 5.0 20.0

Rose bengal 0.033

Yeast extract 3.0 0.5 04
Cycloheximide 0.5 0.05

Streptomicyn 0.03

Agar 15.0 15.0 20.0 20.0 15.0 15.0
Beef extract 2.0

Soluble starch 5.0

Glycerol 15 mL

Asparagine 05

Manitol 10.0

NaCl 0.5 0.1

Cellobiose 10.0
NaH»POy4 1.0
NH4Cl1 1.0
pH 6.8 7.0 6.8 7.2 6.8 6.8
D-W 1,000 mL 1,000 mL 1,000 mL 1,000 mL 1,000 mL 1,000 mL




5. EYdaa 84 =4
7} E9%% Cellulase &4 =4

YT cellulase F4 F4L 2 mmAE 5343 5 g9 EYAIRE 100 mLAHZ)
Eeb2==e] Hskar 05 mLe toluenes 7Febe] uwk g % 10 mLe] 02 M Z4F ¢
Zg&9pH 593 1 % CarboxymethylcelluloseNa(CMC) 10 mLE 7}3F t}& 30T
AN A 24X 7F B FSFATHA, 1994). CMCHIAl 10 mLe] FR/HFE 7Hs 3S gx=

ato] 2 A4S Fdsden 24430 F SFFE 7HalA 100mLE Al g § ek

ﬁ
rlo

g 24 e 2o WWe Aesdth B9 348 A 12 160 g
9] NaxCO; # 09 go KCNE 1,000 mLe S/l o 0

KsFe(CN)sE 1,000 mLell =<1 F ZAdo] Yol nyalgirt. 18lar Al M2 15
g9 FexSO4(NH4):S04 - 6Hz0, 1.0 g9 CioHas04SNa¥ 4.2 mLe] g $4kE 50T

Rl
>
2
=
s

I~

[LOE 44 1 mLA Alddel 3 5 vpAs 5o

o}
oA Aes] 1583 7HEed. 7kE F 20T spoll A 5E3E

ZFAIZ) F A9 MS 5 mLA 7Fele] 20T ol A 6087 A Azl & 308 W)
o] UV-Visable spectrophotometer (HP 8453A, Hewlett Packard)S o] -&3}o] 690

. £ %% Phosphatase &4 =4

Phosphatase(Phosphomonoesterase)= 2 mm#A| S 33 1 go EUYARES 50
mL AZZe2=39 3 & 02 mLe toluene, 4 mLe MUB €% &9 (pH 65), 1
mLe] 0.025 M p-nitrophenyl phosphate &< 7}ste] nwk & mps| & 3lo] 37 C
A 1AIZE St Mg ATHCEAVIEA T4, 1988). 1417 § wlE AAS A 1
mLe 05 M CaCl®8%83 4 mLe 05 M NaOH& NS 7lsle] &+ ¥ Whatman
No. 28 oJ3}dle] ofHS UV-Visable spectrophotometer(HP 8453A, Hewlett



Packard) & ©]-&3to 400 mmell A S48t = tix+= 1 mLe 05 M CaCl; &4
7 4 mLe 05 M NaOH& & 7fsh Egdgads ogsty] A de] 1 mLY
e As A& 0, 10, 20, 30, 40,
50 ug9 p-nitrophenols &Fdl= XFE o] 1 mLe] 05 M CaCl&3 4 mL9]
05 M NaOH& S 7tate] £ F Whatman No. 22 73t o4& 400 nmel

A Z2Aste] do HEHdS A a1 o F9] pnitrophenol S Al Abs9) T

o

0.025 M p-nitrophenyl phosphate& %<

N

6. Microbial biomass C 4]
E nAEAZ2 Biomass B4AE 2mmAIE 493 EYGANEE FEEITEO

=
TS Fd ¥ Biomass CE& FEste] TAFA BHES o8&t A& sttt

(Vance -&, 1987;41 , 1994).

o]
3= 100 mLe] wo]7et FE3E Fe] wol @3 &5 /A HAACIHA ¥
Sl

L}, Microbial biomass C¢] A =

(1) Microbial biomass C& =

o

SHlFF o] Bl 4~5m ZFo] 05 M SHZE(KSO) & HS 7haete] 30&7T

48 QYA F ojdstgon ETE v EZEGALE L& PHon I3
SR

_10_



HAEN 8 mLE 250 mL &% &
AEABEERLONEAT 15 mLe FA-ARQ 1) £FAL Areska & £F
% ZREEE FU T4 59 9% AARI A 0 mgel W e

T

[mercury oxide(Il), red]sb W54 Q. & &3 Fo 166C=E 30w 7HE #
sstsich. 7tds® EFAE 43S 25 mL S
rous Sulphate& (25 mM)E 3-5%% H7}s
[Fe(NH.)2(SOy) - 6H:0]8- ) 0.2 A4 stglvh. THHL w3 o] Fom s}
deoez s dxge A FALE 8 mLE ARESte] U WHoR

(R EE e

s

ot

1 o= 3

(3) Microbial biomass C Ak
A E Biomass C= A 1 3 7Zo] KSOy & oz HE3d e 4o
w3ko] Ak ok

r 0
2
)
4y
e

v A& Biomass Clug/g, AE) = Ec x 2.64(f) oo, (1)

1714 Ec(pg/mL)= S EAT EGolA &8 &40 FF(uoz iz
¢ HES M EFAZ B HEE ga9] dFpe)e W golth. fv &5

3l Biomass®t HEH 71 &0 93t 3tAkA¢ Frolt).

e
=2
lo
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1. 2 EYY 34 A4
7h. =R A8 B
Algoll A ALget =2 HA AN FEd EY pHE 3.7~59, 715832
449~2129 g kg 'o] ¥ 2 yedth 228 %E= F 60 g kg o9
=

greFe 35~3519 m

0Q
W
0Q
o

Table 2. Chemical properties of clean cultivated soils in open field

Value pH OM T-N Av. P Exch. cation(cmol kg ™)

(150 (gkg) (gkeg!) (mgkg) K Ca Mg
Min. 3.7 44.9 2.7 35 0.4 0.6 0.2
Max. 59 212.9 9.1 351.9 2.0 114 3.0
Ave. 4.7 132.0 6.0 1104 1.5 3.7 1.1
S.D. 04 48.5 14 34.3 0.4 29 0.7

_12_



Table 3. Chemical properties of grass sward cultivated soils in open field

Value pH OM T-N  Av. P Exch. cation(cmol kg ™)

(15  (gkg) (gkeg’) (mg kg K Ca Mg
Min. 44 65.3 36 1.3 0.4 05 0.2
Max. 5.7 195.1 8.1 2134 25 10.9 3.1
Ave. 49 1305 5.3 63.4 1.3 4.1 1.4
SD.. 0.4 37.0 1.0 56.6 0.6 25 0.9

Table 4. Chemical properties of grass mulch cultivated soils in open field

Value pH OM T-N Av. P Exch. cation(cmol kg )

(15 (gkeg) (gke) (mgkg) K Ca Mg
Min. 3.9 67.0 3.8 7.8 0.4 0.7 0.2
Max. 5.3 221.3 10.2 199.6 3.3 11.7 4.0
Ave. 4.4 158.2 6.4 30.6 1.2 2.4 0.8
S.D. 0.3 42.2 1.4 52.0 0.6 2.1 0.7

AA AN A EFY B pHE 41~67, §7)1 23S Hit 1552 g kg !
oldth. A4S HF 54 g kg 'E UEFWI FEANTZS HF 632 mg kg
Atk K st#e it 23 cmol kg o9, CaZ Mge 7HzF 872 4.0 cmol kg !

AT 5). FxAM FEd BEYE A £Ex25 YEATHE 6). 2AA S 9
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Table 5. Chemical properties of clean cultivated soils in P.E. film house

Value pH OM T-N  Av. P Exch. cation(cmol kg ™)

(15  (gkg) (gkeg’) (mg kg K Ca Mg
Min. 4.1 59.5 1.8 74 0.7 1.1 0.4
Max. 6.7 212.3 8.9 216.2 6.0 20.2 158
Ave. 5.3 155.2 5.4 63.2 2.3 8.7 40
SD. 0.6 383 15 52.0 1.3 6.0 34

Table 6. Chemical properties of grass mulch cultivated soils in P.E. film

house
Value pH OM T-N Av. P Exch. cation(cmol kg ')
(15 (gke") (gke’) (mgkeg) K Ca Mg
Min. 44 37.2 1.8 0.7 0.9 2.0 0.9
Max. 6.0 120.3 5.8 229.6 2.4 11.1 4.5
Ave. 5.3 108.2 39 42.0 15 6.0 2.4
S.D. 0.3 41.7 1.4 61.2 0.3 2.3 0.8

2. RE #UH e FEY EF TAEY B =

A dEdol A SIS RE S B AFHAI7Ie FaskAl H

pol
ol

]_

38

=13
=]

th A 3714 ATFE 421~681x10° cfu g ') BEE YEWon A1

ko] Al 4 89x10° cfu g 'HTHE AU 5, 1984), 3P E w4 FEFY B
F 1.7x10° cfu g 'HohE BT %, 1996).

S92 EYo A T AT ExEE AFHA 7| wel E3bo] glov FEA

w7E A AR RErE Eekom S5Yel= 2 o WokTHIH 2). o] A=

f



Aol EolAA F/EL BT £ e T2 AL IAEY] wiol A
ANA 7| AT Frkettka AR He 574 Aldre 36.4~157.2x%
10° cfu g loldom S5 A= EFo] Mg 73.1x10° cfu g ! ButE A
ATHA 5, 1998). ©] S(1988) A|FE W Eoko] A Fi $ANF EgRt} |
0~1008] At st =dl oo} vzt

300
May Sep.
250
200

150

| B IE i

ccs GSS GMS ccs GSS GMS

Aerobic bacteria
(x 105 cfu g-1soil)

300

March May

250

200 [

150

100 [

50 I
0

ccs GMS ces GMS

Aerobic bacteria
(x 105 cfu g'1 soil)

Soil management practices Soil management practices

Fig. 2. Densities of aerobic bacteria in volcanic ash soil of citrus orchards on the
different surface soil management practices at open field(above) and
house(below). CCS: Clean cultivation system, GSS: Grass sward system, SMS:

Grass mulch system. Vertical bars indicate standard deviation.
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A e A FAAS Folde oy 59o] 9o nldte] W=
7b =9tk 53] 5¥ol= AF A -z dxe] Apolvh Flow RE e WrHd uf
g} 2ol fldth FF AT FE 59ellE 7.1~128x10" cfu g, 9¥elE 19~
32x10" cfu ¢! Aok F S1984)S SAR wEES Hu WATFE 30.1x10°
cfu g '@ 4l

ahg-2 ZrE ol A= FEAZE A Aol HsiA HWETF =2 Ao E XA
Rom 39 AAE RE e wel FAA] fFeAde] Ao 5499
E oyEA gti(ad 3). Hw AT FE 05~122x10° cfu g 'BA SH R
A AEA 53.2x10° cfu g BT A 5, 1998), B 5(1996)°] w3k 9.8x
10° cfu g'®ole Bl v 5(1975)8 AFE I EF A x10°cfu g ol A

a1

o},
o A

A Aol A SEell AR ARl Hims 2AAAEZE A A ek A
ok Helen 9de= = el wel Aolrh vk 5Eel A=

A7 A E 69.4x10° cfu g, FEAWME 659x10° cfu g 'E 9B W 28] o] B
otk & 5(1984) SAF wEko] Wi APNTFE 734x10° cfu g 'gta 3
c}.

92 EdalA 39 ExAguzE BF 1036x10° cfu g '® FAAAE 39.2x
10° cfu g 'woh APd 57 Bgoy 590 9wt 3248 ol ti(ad 4). A
5(1998) A B A A A Bkl ARFHFSE 165x10° cfug Bt dglom, 7
S(1996)°0] AR A E AAREY Ege Apdds HuE Bt
Agnihothrudu(1955)= 2t& o] A4 A% 7ol APdata7F S7kgivka akgivh. 52

o
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g2 Aol ARSI e Re o AZIE wEAVIRA Bl Axd A

7F §AH 7] WEos2 Azt Bullgh Slater(1982) Eoke] 1ohdl 7 zxd] 9

Fig. 3.
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Densities of actinomycetes in volcanic ash soil of citrus orchards on the

different surface soil management practices at open field(above) and

house(below). See fig. 2. for the explanation of labels and vertical bars
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Fig. 4. Densities of fungi in volcanic ash soil of citrus orchards on the different
surface soil management practices at open field(above) andhouse(below).

See fig. 2. for the explanation of labels and vertical bars

g}. Pseudomonas spp.

A HEYolAl Pseudomonas spp. 52l AN ZA AL} F 2 A vl R
th wokout 9= ztelzb gllth AV E= 5¥€e] 9d R wokom A A
= 9¥ol AT H A3 s

a9 rEdolA 390 FEERAuzF 1223x10" cfu g'o® FAAE 21.8x10
cfu g 'l Bgron A folgo] gtk 5¥elE BxAumolA Fasd

(29 5). =x AEdeld FAAM = ko] dxe MErh ozl Aow A7ty

W 392 EFYoA 59 Pseudomonas spp. 1 F7F AL AL olAl7]d <19
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Fig. 5. Densities of Pseudomonas spp. in volcanic ash soil of citrus orchards on
the different surface soil management practices at open field(above) and

house(below). See fig. 2. for the explanation of labels and vertical bars

v}, Thermophilic Bacillus spp.
WA 7oA 590 99 Bt} thermophilic Bacillus spp.©] Z¢kou, 9¥o =

HE ey ddglel #aslew  SAAYI w942 vk E

X

thermophilic Bacillus spp.& 59°1% 67.2~124.3x10° cfu g !, 9€ o= 409~876
10° cfu g'e] BXE e

ah§-2 zh ol 390] 5YRT WEsE woko B w ] w Aol
919ith.  HIF thermophilic Bacillus spp.& 3€dl:= 132.1~127.2x10° cfu g !, 5€
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oA 67.4~80.3x10° cfu g'e] BXE vehlith2d 6). =AMl thermophilic
Bacillus spp.©] B2 A2 §71&59 ¥522 F71E &7 &3] groz A
ZtETh A 5(1996)2 SAH Al A A E%2] thermophilic Bacillus spp.< 109.4
x10° cfu g '@ta dPov EFFe §7EFFH ¥ Auol dokn drhA

5, 1998).
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Fig. 6. Densities of thermophilic Bacillus spp. in volcanic ash soil of citrus
orchards on the different surface soil management practices at open

field (above) and house(below). See fig. 2. for the explanation of

labels and vertical bars

v}. Rhizobium spp
X ZAEFYe 59 Hit 63.0~84.2x10" cfu g 'E HE W] wt zo)
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7F v 9ol = SEEY A sployt FxAwZE FE AR 3w o] wek

9 EYe 39 A7 Hi 1145x10" cfu g '& F A AW 259%10°
cfu g 'Bth ol 59o= RxAuE gastg o AAAuE EoE iy

7). =R oA 599 Rhizobium spp.©] B2 AL /N3t7iu) oA FFE o] Fo]
AL 5 FUMAH7] wiEoly sf-2e 59 FEHER ANASFTE gas
Ay Z} o, 5(1988)& A|lFx kol e Rhizobium spp.©] 74 st 9

=
tn mmstgid B 2As n%ag
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Fig. 7. Densities of Rhizobium spp. in volcanic ash soil of citrus orchardes on
the different surface soil management practices at open field(above) and

house(below). See Fig. 2. for the explanation of labels and vertical bars
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A}l. Xanthomonas spp
A FEYe A 5YelE HAA
9ol = wigEE AES Uity 596l 7.3~27.3x10" cfu g, 9¥olE 11~

139x10" cfu g'9] BEE YRl s¢2o e 2ALE &1 Eadthad 8).

==

> 2 A A >F- 2= 2 JfAl 7 Bekonyt

fo1E0l B
REAMAAE AAF Sk AR T AFA T HER T2

.
)
o o

3 AZFETE o] 5(1988)8 3AE3| E kol = Xanthomonas spp.©] AZEo©

A Basilsd 2 AR HEo]l © Aew Hol ey " A ool

50
May Sep.

40 -

wl ] .
2 | .

10 1

Xanthomonas spp.
(x 104 cfu g™ soil)

b
0 . . . r . .
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Fig. 8. Densities of Xanthomonas spp. in volcanic ash soil of citrus orchards on
the different surface soil management practices at open field(above) and

house(below). See fig. 2. for the explanation of labels and Vertical bars
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Bz, 3¢ BxAvjo A 2oyt REZ AR ®oh gkl 779 A}
At & Fo A Aspergillus spp.® Penicillium spp.©] Zton dubzx oz A}

AE e S DR B AL ) o2 FRE weddr o 5

(Metting, 1992)A}-8 wj&ola}ar Az o},

Table 7. Number of identified soil fungi under the different surface soil
management practices in volcanic ash soil citrus orchards

(No. of soil fungi)

Open field House
Genera of
_ CCS GSS GMS CCS GMS
fungi 0~10* 20~30  [0~1020~30 " = 0~10 20~30 0~10
A 11 15 7 20 10 13 6
spergillus 10 15
Spp.
Fusarium 2 1 5 2 2 ]
Spp.
Penicillium 16 6 20 12 16 10 7 9
Spp.
Alternaria . . . . . 1
Spp.
Trichoderma 4 1 . 2 6
17 3
Spp.
Rhizopus . . 2 1
Spp.
Mucor spp. 5 . S . 7 . 1
Total 42 15 52 26 44 17 36 28

z Soil depth(cm)
CCS: Clean cultivation system, GSS: Grass sward system, SMS: Grass mulch

system.
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4. "WAEYT pH 2 #F71& &F

B AES Ege] pHet F71 @ W £y B4o] WdTh Bk wely
Wol wel f71E3F 9 pHE B AW, AR, AR, 874 A F

=

Pseudomonas spp., 224 Bacillus spp., Rhizobium spp., Xanthomonas spp.2] &
Tofo] A= % 8 % 99 #rt

A ZEde A AR B pHS 1S4 Bacillus spp.irellE A A
(r=0473")&  YERATE =A8AW ESe] pHe 324 Bacillus  spp.%
Xanthomonas spp.7rollE= 22 r=0.822", r=0.778"% Aol =g¢tomw {F7|& &=
W AREE=0646T) % =2 Ao A¥s JERiTh R A= pHeF A
Bacillus spp.itell r=0.690" 2 =& 7S YEUTH(E 8). REUAE pH7F 12
> Bacillus% 3 o] wvhal Balgh A 5(1996)¢] Kok & Zgko] At

o9 ol FAZ A= F71
kvl Fungi(r=0.763") 7kl 14F3o]

WA ATHE 9). A 5(1996)2 ¢ EY E

Fe] pHe WddS o] Huhal sidled & Al A= s dEhdA &2t
kool ERAESY AFHA], AHIEE So] tEY] wiiEel Aew AZ4dr. E
%ol pH ¢ "AES A= =2 334 doa sd=d (Doemel ¥ Brock,

sty Rhizobium spp. (r=0.798"), #7]%

I
=
Eohom, FxAuels pHSt #FrledEdFS

1970;F &, 19849 5, 1998) & FAtoll A= o] o} H]zst3 ).
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Table 8. Correlation coefficients between soil pH or organic matter contents and

soil microflora in open field.

Factor ABY Act. Fun. Pse. Bac. Rhi. Xan.
ces? pH 0.136 0.088 -0.127 0.356% 0.473#3 0.241 0.116
(n=40) OM -0.155 0.146 -0.097 -0.166 -0.329% -0.114 0.231

GSS pH 0.390= -0.266 -0.333 0.117 0.822+*  0.306 0.778%

=300 OM 0646+ 0345+ 0.103  -0.203 0.517**  0.081 0.553:3

GMS pH 0.076 -0.582#%  0.202 0.286 0.690%*  0.335% 0.106

0=26) oM 0305 0.084 0412+ 0051 0030 0070 -0215

* %% significant p<0.05 and p<0.01

“CCS: Clean cultivation system, GSS: Grass sward system, SMS: Grass mulch
system. YA.B. Aerobic bacteria, Act.. Actinomycetes, Fun. Fungi, Pse.:
Pseudomonas spp., Bac.: thermophilic Bacillus spp., Rhi.. Rhizobium spp., Xan.:

Xanthomonas spp.

Table 9. Correlation coefficients between soil pH or organic matter contents and

soil microflora in P.E. film house.

Factor ABY Act. Fun. Pse. Bac. Rhi.
CCs? pH 0659+  0.009 06435+ 0486+  0.293 0.207
(n=40) OM 0113 -0522%%  0763%x 0505+« 0461 0798
GMS pH ~0.060  -0.076 0.018 0.093 ~0.021 ~0.091
(n=30) OM 0084 0045 0.243 0.405% 0.165 0.212

* %% significant p<0.05 and p<0.01

“Y See table 8.
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EgEat 47129 $/88 5080 £G4 4B FEIFS s
0ol Fad gue @k 2% 4719048 FrlAMen dojahs A o

g2 W AgE] oste] o] Folxitt. of 7]o] #olst= =4 o] phosphatase?! Hl 7121
ko] F7]3}lel = phosphomonoesterase’t F23HA 284S 3l A EFo A= 4F
4] phosphatase®] &Ao] =tla & tH(Trasar-Cepeda®t Gil-Sotres, 1987). 7+
9 ¥k ey H o w2 AHA phosphatase @48 19 99 zt}

=4 Aujel A 5¥o] FA}EF phosphatase @S A A AW, =AM, B A9
7k 77k 20.0, 137, 395 ugPNP gsoil ' h'24 F-ZAm7t 714 =keh 990 A}
gt phosphatase /4> AW, =AAW, FxA87F 2h7F 1,326.0, 2275, 149.6
ugPNP gsoil ' h'o=A HAAE 24 E2A FolAL 5Em b=

s
50

th. sh¢=Aulell A 59ell ZAMSE phosphataser &4 G Avl7F 240 ugPNP
gsoil ' h', 27k 17.0 ugPNP gsoil ' h'' o1tk phosphatase &2/l A
& eE 25~30C 2olekm kg vl(Bremner 5, 1975), =4 Aol A 9ol
s9uTh =1 AN AN Rxgag 2o AL B L7} 2] o
w9l Ao AzbEv, 8k 5¥o phosphatase &/d] Woka FE Aol
wta} zpol7b %l EFSEdlgko] yro}l phosphatase &4

MAGA Bsrel7] wEoleta Aztar),
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Fig. 9. Phosphatase activity in volcanic ash soil of citrus orchards on the
different surface soil management practices on open field(above,
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Phosphatase 842 #7718 33 o] gle Aoz velys=di(2d 10), ©
= #7]18 ¥ o] RS2 phosphatase A o] ZolRthE Gerritse?t Dijk(1978)9]
Hael Aukyl Agict o] AL I E #HEFY ESY F7)ES nAEo] o] g
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% 11+ pH®} phosphatase 439 A#AAE el ez TEHZ WH
o we} zpol7} gt A E A A= A4 phosphatase(phosphomonoesterase) 2]
gAlo]l T 3=l (Trasar-Cepeda®t Gil-Sotres, 1987; Eivazi®} Tabatabai,
1977), =2 Eoo] A3 HuA citgArdAd e F2 AFA phosphatase]| 7]¢1
3t Aoz AZEEth Nakas 5(1987)2 w4 E9] pHYE phosphatase= T E4 9
utet Aoletut ARG RTE Aol A &gl wmvhal dkglvh A (1994)= Bacillus
spp.@ Pseudomonas spp.©] AF 718317} o I Pl HEd EYe
phosphataseZA & o]&3t T7|A4 Alds B0 T3 932 gt vt A4H
th o](1986)= AFE EXFY AMFTES o 8ot WA QA Y THEE Ve s
B g ovke gl

I E EFY EUA phosphatase A FEelAk shaky ozl Ay
S YERA FaEd(E 11, ol EdFTY friQite]l BETE

/Jo] mobXIth= Gerritse®t Dijk(1978)e] H.ire} Auts &= AZA SPik3] E e
S ofghk <14ke] 183 #AAZE dvkar Az
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Fig. 10. Relationship between organic matter contents and phosphatase activity
in volcanic ash soil of citrus orchards on the different surface soil
management practices at open fields(above, middle) and house(below). ©:

clean cultivation system, v: grass sward system, e: grass mulch system
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Y. Cellulase &4

wA ZEdolA 98 FAE cellulase TAS A A AW, ZAAw, F =087}
zvzb B 155.3, 546.1, 616.2 ugGE g 'soil 24h 'olQl o Bz Ajujel A 7 =gk
(29 13). Housew= XAME 8HA Xahdth 7 5(1988)2 AlxAl A& 259
Cellulase@A & wolzitha 3t A Ao A o] e AL AHEd Ax
A Fol EFe] IFste] a4 EAd dFS FA7] wEoln FxAujer =AAA

B Fol Balh A% f71%l FiHel neh wad
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Fig. 13. Cellulase activity in volcanic ash soil of citrus orchards on the different
surface soil management practices at open field. See fig. 2. for the

explanation of labels and vertical bars
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6. Microbial biomass C

B v A E A F(Soil microbial biomass)e B FolA HoldE F7IEZA E

Feo] AstentES Fvf sto] EAESd FH TS o R AL FA
te 5 ESAHACNA Fagh s sto] EGnAES] A

get 71 = Zl=E ol& HiAL vk, 199%5). RE T
2 9ol =X} 5€e a9 HEY EYC Biomass C & 4 A= 1
149} 2}k, =X Aol A microbial biomass C®9 Hir2 HZAAw7F 547 mg
kg !, ZAAM7L 411 mg kg |, F-Z2A7} 2662 mg kg o]k A 51997 &
) B wE ko] microbial biomass C#¢ H ozt 1,150 mg kg ', B3-S 405 mg
kg 2 g 2AME S E E Y E<Fo] microbial biomass CHE o] K
ot A koh

&2 Ao A microbial biomass C&HS A A7} 91.1 mg kg !, F-Z=Au7}
121.0 mg kg ‘el om A BZAAM Rk =gk A5, Ay
o] ttE= A qk JA ¥ A A A E k2] microbial biomass CHel H it 713 mg
kg !, 3 204 mg kg ' B3 FATHA S, 1996). Biomass CHS & E9kElAa
9] 2~5%-°l °]Zi(Jenkinson¥} Ladd, 1981), 7|15, #&E74 2, &&5d wel Aolst
tH(Anderson®} Domch, 1989)x 3dlith. 2(1982)= A% ES  microbial
biomass C&& COMo=E 543 Ay 8YHtE 9¥o] Erta sfvd 2 =4}
AqXE A ustt ole EY HAEAZAA ARdTto] EH|FTS AAFTHAL
(Metting, 1992) st =t 2AaAle] ALEF7H2 AMdate]l 71 2ol 7] ol kil
AZE Y. Adams 5(1983)2 E % biomass @3 B pHE A #o] o} pH 43~
540 o2& E4d A 3E Al&3% A3 biomass CEol oF 30% ol S7tstta
stk wWEbA microbial biomass C#ol A2 A2 #Aa B4 pH7F 7]
ow AZtEAY. A F(1997)L SHA T v B EA Fo] B2 A HFo] Y&
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Fig. 14. Microbial biomass C in volcanic ash soil of citrus orchards on the

different surface soil management practices at open field(left) and

house(right). See fig. 2. for the explanation of labels and vertical bars.
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224 2 microbial biomass Coll P X+ G T
vl oA EGA R 583 9dol AAAN e 20704, =4 gEd
15704 2 F2Au e 137 &2l A AFA s on, sk rEdoAs 3¢
7 59 FAAN e 2070489 F A 2D 1572604 A H s

ZE e wE gEd BEGe ey A4S & Aolrt fldley &

v EoFo] XXl pHe X84 ol ko] okt X Aju] EFolA] ulAl
B 21rE 3714 Aol 10° cfu g, Aol 10° cfu g, Aol 10* cfu gt
Folgley, sF-2Au A E BTt &7]4 AMlTF thermophilic Bacillus

spp.9] WEE 10° cfu g, Pseudomonas spp.9} Rhizobium spp.2] HE: 10°~10°
cfu g, Xanthomonas spp.2] == 10'~10° cfu g ! FZo19t}h. =X A8 B
A mAEe] W= Xanthomonas spp.o Al€stal TETE] WHI ZARA 7] w
2} ol 7k itk sk 2Afu] Bl A EgaEol ST A7IQl 3ol XAREE 1
Ao Wes FxRAZE A A Hla Eokoy, Efgiol dxd Al7IQl 5
dol| ARG WAL Wes FEVE Wyl weh xpolrk Al 3del Hls)

239 AT REVF AERY B%ow, Aspergillus spp. ¥ Penicillium

spp.°] A3 AT. A A8 EFo| A thermophilic Bacillus spp.& pH/F & &
FdTsE WETE Eqko) shg-2Aujel A= Adake] gl

A Aot FFAAw HEFY EY BEF A E% phosphatase &S |
o 2 Faciat s o] glloh =X A el A Eg ] cellulase €4S
Z A AR F-Z=Awh7E A A whell Bls] = ekth. Microbial biomass C& x| A uj
oANA F-ZAu7E FA A = A el Bls =okot, sF9-ZAlujel A= ol 7t
AT

Ho
N
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