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o olal] 7hgRaEo] RN EFES AA olikstet
Ao duyolg FajHch I A3 gAdE ol
= 1) AEAY EYrjEed S5 ol8HH 2) qf
g9 283 AR 5 QYA i 29T

3) pH7F ol ol wel NHE th7]el FHAksw 4)
Anspat S AXHA "aksho] ofs) opEAF 4
Ao sty 5) GEAEI 2 AAEd 5t
e AARA A S cHBrady, 1990).

AEE Qe HAT 50% ool dRYote] 3
Abghof o)&te] A AW o (Freney et al. 1992: 1990:
Keller and Mengel, 1996: Bundy
and Oberle, 1998 Back et al. 1989), 2 48] HA9
w3l Ast dolue EY pHO A5d YRyt W
AEo] wopel frRel Al tiste] As A
farste] o abefel bR ujote] od =45
Lep Al El ch(Filley and Viek, 19860 Freney et al.
1983 Denmead et al, 1982: Harper et al, 1983). o]+
Hjgh A4d vge &4 O3] 43 ZaduE
8] oAl Lo mE Fojoksk AME 44|, ¢
3} 82 93 BI(NRC. 1992) 5 2 $AEA
=2 o}7]8} = 2 (Bouwnan, 1990, Duxbury, 1993) &)
o So] st7Az3 A0l =Y (sustainable agriculture) S
stazh stElEE 97 Ee giAsEE ARE

o] Ob’ O]EHBOUWHHH, 1990).

Bacon et al, 1956:
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2o S Eodel *1%8}91% At B
S5 AAAE Aolth s 9 30l 1998
Fermando, 19761 Freney et al, 1992). &) 7k2] 7
slo el AGEA e wease B4 A Ze p-
benzoquinone . hydroxyquinone, heterocyclic sulfur 3}

e

sHe 4 substituted urea herbicide . phosphoroamide

. phenvlphosphorodiamidate(PPD), tri-Cl-ethyl-

phosphorodiamidate( TPD). sarsaponin 5-©] 2}
a3 A 8E QA7) Balro] dRUo B ¥
Arbst 288 WAl wWH(Tate, 1995: Jordan et al,
1967) &4, g5y FeER o]Z2M WA=
A% WAEAY Aete 29E AW Fa7t

ATHGopal, 1987). o]}k Aol Ao} Ak



¥ol7] Slgted vlFof |
oA A e} Shth(Hauck, 1983: 1934), o]2f gt
Ashte] FEg Ao g oA ¥y 23t
thE B Eo thaloj Kol glofob skl @
A7kA del e Aiksh 28 oA H 2= thiourea, 2-

Cl-6(tri-chloromethyl) pyrdine(N-serve), Z2-amino-4-

6L5}l— ok = Al A §}7\L%

= A i
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ok = A

chloro-6-methyl pyrimidine( AM),
sulfamil-amidothiazole(ST) 0] 2l T}
ojAfell A B ulo} 7ro] of ] 7pA| shofekge] vf
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ol o3 24 MRS E&E FINANALA

dicvanamide, 2-
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uebd Bodpell s Y QoY Fibs o
A ote gl A B2 EF T 24
A

siol Aarslatg P Qe & A (urease), AAVEHE
Ly

of ek Asjaas YolH AT Y doprp Fxel
AES oabs HAsAE AAEES e 54
OS2 AlLEaksith
. A2 L dhH

L A= 3 Ak

ExAe 94F £3ddM AY HHALH 9
AHAHOC) Y EFE Aeddty P&
E¥S ZES 24 AAZ F Zo] 0~15ms] F&
iH?lfs}‘zigD% S5CelM JFEA2FY F2)AL
AHEE7) d 5 CelM 19 F Mg § ARSIt
ureaset—

Jack bean urease(440000 unit/g. sigma)$}
Bacillus pasteurii( 220000 unit/g. sigma)S AFHE3FS1 T,
wreas ultrapure( Amresco) w2 AHEEIGI O™ KOt
ultra pure(amresco) ¥ 5 ’\}ﬁﬂmq yela 848

§71800 0 e Aok EPFE AHgatdrh

B8ts 4

pH meter(Fisher) 2 % 8% 12,
%%W%% %‘1 210, 20, 30mD S &
AR =2Asgeh HAE A%
digestion-steam distillation] & 2 ST, YT HE
Hzob Fake A MO 20g F7F F Keeldahl

steam distillation'] & 2 %4 3} S1ch

Lh EXo| 22| - 35y YA
Zoko) pHE EoF 10ge]l ZHF(1:1008 ¥ol 30
B2 w28k & pH meter(Fisher) 2 481912

MclLean., 1982), CECE ammonium acetate W
2 24314k §718 32 33t
WO ZAHs9lom a4 Bray Nol ¥ (Bray.
ol FADN

9oz 24890 A4+ Keldahl digestion'd
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o] Wyo

1996) &2 el geFalhalal. oFRyrel AAel 2k

= Salicylic acid-thiosulfate H2HH (Bremner,

A4+ 2M KCl 353 Keldahl 259 © 2 (Bremner,
and Keeney, 1965) 2439t ECE IN ammonium

acetate® F% F AA(Pve Unicam SP Y& =43}

of 5 EAJEAe g2 (Green, 1981)

%Al (Barshad, 1954),

o 28,

Ch 25 urease@Ao| =M
ImM EDTAS}E 20
HgS()] butfer(pH 7019

%5 glveerolo]l H7Fe 005M Tris-
27}A] Zéﬂl‘{"_ A7kl
Zx(Jack bean urease. Bacillus urease) & o] 4o
U8 3L 0.05M Tris-H2S04  buffer
0mM urea 1m, Z12]40 &3 of
N 2 1 FIE 0lmiE ¥ A" ¢FY
°FF Kieldahl SfFWoz A &aialch

buffer®] pH+ Jack bean urease®] 7A-%- 7.0%. Bacillus
8 o

(20unit) &

79mloll urease 1mie} 2

0.05M  Tris

pasteurii ureases= 8.2 YR Oom wjoFR L= 37(C 2
JELTL g A O E= ol
SR 10, 20, 30%-7F 4848 S48l

3h, Eook urease B4 FA4L A B9k gl

toluene 0.2ml H7FE 0.05M Tris-H.S0,  buffer(pH
90) 90mlE Yl FA4aNE Fuslon Qv
o HiFREE Rl 22 }.?101 IOMFAITHE 2

Ao

o do} At ke
Fato] WAHE YRS Kedahl ZHHOZ g
a9ith Stop reagenty® Ag:SO; (3mg/mE Iml
Fehel wheS AN,

= 500ml 47t
140 157 2ggk 5 g x]selich A5
2mlE FHakol AUWoR 10674 3 Askslich 2o,
urea-Christensen agar 2] (1) o

107) Eorgolo] Apxlol omE ZH &by, &3
(100, 5008)) 2miZ tiaped
8. 1297 ”Hooké}oi Mgl -H ) 5 o=

2
-~

0C e el

colonvz Q¥ Ao g HuhEE colonvE colony

counter2 1 7|45 S 81Tk

of. ESUY 247trFole| et

ANAEE ok 2ogoll urea 100mgab Hzo 3|4l
=28 ImlE H7hgh & 30C g2 wjdrlelA 1, 29
&b g2 wfokslolr) o) Eoko] R FHere. pjay

grekol WEFPS(Water Filled Pore
Space) 60% 2 Y3 tH Harris, 1980). HlF% 20 E

CIEEIES

AT 10gS 2M KCL 100mi(1:10) 2 5538 & ZZol
Somlss JEL]WEH A TLE Keldahl THHOR
kel & QAvkERs HEE e THY AL,

o o v I

19931 Keeney. 1966: 1967).

Bt EQL EdsTel I
Eohll Aol 7H4 = MPN(most probable

number) § O 2 =439 ch(Belser, 1994). A A8t &

%F 10g5 ImM potassium phosphate buffer 95ml7} =
200ml 4H7h flaskell #sked 1587 193 F A8}
Atk AR 10mig st YAYORE 10744

M ImlE okl 7R wRek tubeol)
2713 30C 3‘}5& GoZo| A WS ajrisly ok 4_%.{].

wher AAkshE WA o) %

ot

O] of A abe) AAo) Ao g ol AL AbslFL wj ok
tube] 2] obAE) HAol AdRA 77t #o EA)

g Hl < tubed] 9]
OFQTFEH Ao =L Griess-llosvay# (Mulvaney,
1996) 2.2 =4 ao] wiok tube®] vjoka 0lelol

diazotizmg A 2F(sulfanilamide) 2+ coupling A €FH(N-(1-

naphthyl) -ethvlenediamine hydrochloride) & 3¢ HF-&-A
d7kgh 5 PR aksbero] Wi tubeol| A 34
S W opH e Hio A = ARUS At

o} A AF AbsF# o] Hl ok tybeo]
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RGeS oagel A Fyddel WEPS
(Water Filled Pore Space) 607 & @3Qich wjok &
20g E% F 10gS 2M KCl 100ml(1:10) 2 &8 &
FZd 50miE YEUSH Aa FAakE A4

Keldahl ZF¥H o2 Aaksidch v loge 24zt

Sgd FE-geE SAo) o] &xlon 5g pH A
A E T
Of Fx%e| 77|80 S48 28
Exol HEZ ojul Hol QAR AikshAtd
A G3E el EA Fyetr] s f718 =
HE ZxolS B39t Harbone, 1934), W4

500mlE evaporation &k A 2F 1/104 9] +-3

KB oox 12
12

3 & B8 7zu)7)o] Wi CHCLE 3¥el A4 &
3< & 11 CHCL=S Flolgh wisdt 12|y
e oz s CHCL;IMeOII(H:l)QE oW HEEh
shH S CHCLO 2 F8sle] 11 28 Feet shoieh o
M2 FLZL8 PR dlo] Hxgdls §180 F4
WE 37 2= FLF2 F32 Uoloh

S92 BEOO| e 81N I Bt 6T 283

m. Zz 3! 0

I 00

ifl

2] - sjabd A

Table 1A B njo} 7ro] B A glof ApE%
A

on ol Bxal) W 10%AEE EASHE aceti
acide] G £ AT BEoh) WAL L EY
37 AALBE riolgith 19T ¥

Table 1. Physico-chemical properties of pyroligneous acids

pH solid content(mg/ml) Total nitrogen(% ) NHaz*-N(ug/g) NO3-N(ug/g)
=AU 33 18,93 250 473 NDb
Fl1 3.7 0.18 16 ND
F2 16 0.05 11 ND
F3 6.9 1.31 557 ND
arZzeole] 7)1 8 8207 F1E& CHCL, F25 CHCL:MeOH(3:1), F3& FEZolr)
bippm ©8lel e 7ol AEE A oot s,
Table 2. Heavy metal contents in pyroligneous acids
Heavy Metal Hl2(As) FtE&(Cd) +2(Hg) Ef(Pb) 3E(cr) T2|(Cu)
ppm 0 06 3 017 01 0.03
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Ne FEH(HL 2R, 2 ZE T @
Fe AP Az ol Hu 03ppmolste] FEL
2 drEo] 2o (Table 2), whebA &zl 3}
Y T8 72 w98 AEEA AR
S vt Aevt ofd Ao g ghaky ok

» ARl el - et 44

& APl 48T R Wi

NAL ZA8E A3bE Table 334 74}

NP

* Lo}
bacteria®l 9Jal dojur] Eohy

ureolytic bacteria7} £-H| &h=

ureolytic

U Al urease, Aol

Hlats AE wease7t EYUlol EAjdts f7)E
davsh BEA0Z Ay dol RYE Wew =

Askal lTh whekA

R T

2 AFdME FFRde] 247}
TFHEE7] 918 urease,
ureolytic bacteria, 9 wea hydrolysisel] 1] 2=
g ooz A ureasedl] vl A= = Fol
o] g Kok ureaseQ] 459l
urease = A E S AVFFEREEE
urease®} Bacillus pastewt ureaseE A€ dto] 9 A7

el &3 A Bk wease] B4 S ZA a9

3-1. urease activity0f| 0|x|= 35t
3-1-1. Jack bean urease activity

29 104 HE ulel 2o] Bxole

ZxAE HeEstdd
W ol s AHelskal ere controlol] WlE] A&
urease % oFUl Jack bean ureaseol] ¥ Q4 7}
wall &doll Wl axtrh debstoh dae )

A9l dojuba] ggokom 10w) )4 3}
T4 ajelol dlal of 5879 19% P&
g Hon 10008 Mol g ARs

A
HolA ¢fotrt

o 0O
o -

/\naH

3-1-2. Bacillus pasteurii urease activity

Bacillus pasteurii urease T3 HZ oS A g)E9de
o 1% 2004 BiE vlel go] 2avteEe 840
daf s B3hs Holon, o] AL BAg]o] n)
S oF wo el Halshe welon 1ou 54
Fo1o00u) sl Mool Ae Irxjgje] wls} oF 6779
4vo@3ﬂ qalEThe oL 1000w 5L

L M ANE HolA gokrh Tl 1 A%

.-\

% Jack bean urease activitydl] vl 2= g9} d]3=3)
OFAS BT}

3-1-3, Soll urease activity

Sxdds Bl A FE3 urcased] HElEU S
w) F3) 2] controlol] BlE] ok 822, Ao M| FaE
Hlow = jou) 84zt 1008 8 Ae) Az
= F4e] controlll W) zhz} ok
o] AT IE HOoL} 10008 BlAde] AL s

s NolA dekch 18y

68% 9} 33% AE

SEC L

Table 3. Physicochemical properties of the upland soil

pH Organic Total nitrogen NHa-N NOz-N C/N Available
(KCI,1:10) matter (%) (mg/g) (ug/g) (rg/g) ratio P,0s (ppm)
6.0 1.70 1.03 2267 60.66 9.57 69.24
CEC EC (cmol/kg)
e : - Soil texture
(cmol/kg) Ca Mg K Na
957 .38 243 0.36 0.28 sandy loam
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Figure 1. Effects of pyroligneous acids on Jack bean urease activity. nontreatment (x); pyroligneous acids
(®); 10 fold dilution of pyroligneous acids (A); 100 fold dilution of pyroligneous acids (©); 1000
fold dilution of pyroligneous acids (A)

Ammonium-N( g/ ml )

Incubation time (min)

Figure 2. Effects of pyroligneous acids on Bacillus pasteurii urease activity. nontreatment (x); pyroligneous
acids (®); 10 fold dilution of pyroligneous acids (A); 100 fold dilution of pyroligneous acids (O);
1000 fold dilution of pyroligneous acids (/)

Z7bol W B FE wease T Al dae Todog B oo Zxdle 28 yeased o=
Ezolo] 8|Alo] wE Jack bean urease2} Bacillus urease 24 As EpEor obuel thekdt urease
pasteurii urease®] L4 Asl Ao el fFAkgk A complex7} A8k B9k ureaseo| = Al adE B

2 LRI QTH I 3), gonw 7o RE £579 ueaed] ANEHE B
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Figure 3. Effects of pyroligneous acids on soil urease activity.

nontreatment (x); pyroligneous acids (®); 10 fold dilution of pyroligneous acids (A); 100 fold
dilution of pyroligneous acids (©); 1000 fold dilution of pyroligneous acids (A)

35 "
—
30t =
A
_ " AT
=] 20
X
=z 15 s .
3] e
10 .___-""-

0 | s} 12

Incubation time (day)

Figure 4. Effects of pyroligneous acids on soil ureolytic bacteria activity. nontreatment (m); 100 fold
dilution of pyroligneous acids (®); 500 fold dilution of pyroli-gneous acids (A)

Aot AES WE & 9k o] dRYolE FHSLEN FE vAE EAH

Aad HE F 848 Edd AREas de of AT upebA] HZ N9 urease activity A3 E 3}
Qa9 7R WEA dojup YRy olg $|Ak + wease inhibitor® ESY S ARHE Ao
sof EAEE o] WA HES AZolA Ao ) WS RS Eok AHES uf Sy E FAY
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Figure 5. Effects of pyroligneous acids on soil urea hydrolysis.
nontreatment (x); pyroligneous acids (®); 2 fold dilution of pyroligneous acids (A); 4 fold
dilution of pyroligneous acids (O); 6 fold dilution of pyroligneous acids (), 8 fold dilution of
pyroligneous acids (o)

S HAY 5 US Wk oot Sav|ES HEA & §AL HAUE A4S o WP 247
& ol A EAS o Bl Aol W dUgR  FEs dsEsE Bolod o A4 o A
S F AL gol AH9] 85 Y F UE 4R’ Qa7bERe Madyts ulg sttt o 4]
A uge A heAds Bl Exole] ZHME dag 7FoF &g W =
oF 1% 125, & 425ppm Ao EF NS Az Ed
3-2. 20| ureolytic bacteria2| iVgOﬂ 0|x = ¥t O 47,0 L A7MREE A &S Heltkes 4
Eok Qa¥s vl ae oF 33x10AL 25 We 5 Adtkad b
o]2a o] AL Uk Eodel B A 5?‘% o o|ate] ANES E3tslel ¥ ol HxAL Eoh
shobEich 2 zoHe AlEls ul S vdw 2] 5l= wrease$} wreolvtic bacteriaol] T A sl &3}
o] Mg EF9on 1 AEE B ouf Y 34 100 Z B Bk AY sl Wi 4R
wjo] A ok 559 AastAR Kz 34 oo o] 7 d A axts Btk ol HZdo] urease$t
9 ok 18% AL HAsULh ole WA= vl ureolytic bacteria®ll 4 sl S shvd EgFollA
7bzb 78R 71F 23ppm3t 045ppm el 53 dolix ¥ o ot obA el HelE fFASEA &
S HelalE Aolqdrh oM H N uease &4 A7beEel s AadittE 222 WY 5 Ak
ol wet opujel B fafaEl vdEel A&l
A A3 BAHE BHolvk= AES Ud 4 Uth 1 Ezolo] A AL} (Nitrification) ol 7] ]
g 4). 3%
3-3. 2XM0| EXULY 24 JtRoof 01Xl g & ok

e AAbsb b AL akshtIt obHAkF
2xol o Eoh)l 214 u]stls uw Bk Q47 Av8lt(dll, Nitrosomonas. Nitrobacter) ol ol&] z}zb &

Ta -
cud 4aS wekth 2 Zxalg mia 84 BUSEH A oplid AR uAT oL

T =
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Figure 6. Effects of pyroligneous acids on soil nitrification.
nontreatment (2); pyroligneous acids (®); 10 fold dilution of pyroligneous acids (m); 100 fold

dilution of pyroli-gneous acids (A); 1000 fold dilution of pyroligneous acids (0O); sterilized (A)
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Figure 7. Effects of organic fractions of pyroli-gneous acids on soil urease activity. nontreatment (x); 100
fold dilution of pyroligneous acids (®); F1 fraction of pyroligneous acids (A); F2 fraction of
pyroligneous acids (O); F3 fraction of pyroligneous acids (A)
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100 fold dilution of pyroligneous acids (®); F1 fraction of pyroligneous acids (A); F2 fraction of
pyroligneous acids (©); F3 fraction of pyroligneous acids (A)
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Figure 9. Effects of organic fractions of pyroli-gneous acids on nitrification in soil. nontreatment (x); 100
fold dilution of pyroligneous acids (®); F1 fraction of pyroligneous acids (A); F2 fraction of
pyroligneous acids (0); F3 fraction of pyroligneous acids ()
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