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Abstract This study was conducted to investigate the effect of
pyroligneous acids on urea hydrolysis for the purpose of inhibiting
ammonia volatilization during urea fertilizer application. Different
types of synthetic urease inhibitors have been searched and
developed, but their use is limited due to varying inhibition effects
on soil urease, and environmental problems. In this study, the
effect of pyroligneous acids, a natural substance, on urea
hydrolysis in soil was evaluated by analyzing inhibition of urease
activity. Pyroligneous acids inhibited plant urease and microbial
urease activity, as well as soil urease with various urease complex.
In addition, pyroligneous acids exhibited non-competitive urease
inhibition effect through urease kinetics and inhibited urea
hydrolysis in the soil. This study showed that pyroligneous acids
treatment with urea fertilizer decreases the loss of urea fertilizer,
improves the efficiency of nitrogen application on plant and
reduces the amount of nitrogen fertilizers applied in soil.
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A AR EAT AXA] 7 AE 2 EdRAEA 2
HEE 84 7188 49 ureased 93l 7rEsiEo] &
ARIEE-S AR oliisietie} dEUolz Fal|dEc). 53] A7t
H AL F oF 40%7F 54 34 275 NH:E 4=
g HIFNA oF 10-14%2] FAvt 3e Bl A o
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HI7EA] 84 AH] £ uread] 7HEdlE sk B
A4t FEEE AL W] 2130 urease 84S Asls] 9
I ok EY F ureases FXE &
HoEo 2 48 Jep7d
AthBai &, 2014). T3k
337 270 o8 e W=t pH,
25, FEEE, IS 3%, 24 T,
g Sl o8 4 E
AGEE ToFe BEY NEA, BIE, FR, a5 Sl o8l
ME 2 o] 7 e oA He Ao dEA Atk(Kiss
9} Stefan 2013). FAZIA] /HEE urease B H3AZ= p-
benzoquinoneF, hydroxyquinone, heterocyclic sulfur 3}3H&EF,
substituted urea herbicide ¥, phosphoroamide® 5] JUTHXu
%5, 2000; Zaborska %, 2002; Krajewska®} Zaborska 2007;
Dominguez 5, 2008; McKenzie 5, 2010). 3+ A9, & =
AEl2 FE2E 5 HAAENA urease T4 A3AE ZA} )
= dAT= JUrHLim 5, 1998; Kim %, 2000). A% 7]&
of FHE 4w AAl F 15Y FIAFPHES ARl =
AR HAEZA AEEE 8488 AHsixle o874
= AR ol

A AR 7P P EA AMS-EE urease inhibitor=
N-(n-butyl) thiophosphoroic triamide (NBPT)Z F+Z 2]=ol|4]
O] SgatRoll AMEESL oM QAFEF tiv] °F 0.045%
o] Ye FrAME AMTFsIIV SEluRtliE oA At
|3 AAo] Qith. wEhA] B Atoxes Exde] aiRsE] o
BIE Hrketed NBPTS} o] AAZoZ FYo AN
AE %187 HA urease inhibitor 7ol HEio] w3z} g
urease A EIE LRI ¥l QO Kim F,
o} B4& Kjeldahl SHHOZE 3I517] wiitol| &
A7kt =go] ArElo] APFTH Exd ) AR
o oj#go] AP

T4+ indophenol blueHS &85l AIslHAM =
e S-S gste] urease ABEIHE e 5x
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FAFEES urease EH H7E Y8 MeOHel =< F%= 10,000
mg/LE 95 $ Y HAsSih

E¥ EE - 5183 549 84

B oo W] REGAVIE BFA XS FEE 64-1)0
A FE lemE AAT & 2AE o]&38fe] Zlo] 1-15emd 5
< AFFROH 7% F 2 BAIAL ES urease 273
S A SRS 20%(W/W)E BHE 5 35°Ce0A 1Y Bt
Wk T AMgEt. EYe] pHF ECe EY 100 £/
(1:5)5 o] 117F 29t & pH meter?} EC meterZ %31
37(McLean 1982), CECE ammonium acetate™ (Rhoades 1982)
o7 AT f7lE TS FshHeR EAsleH, f
GOI2k2 Bray No. 1'H(Bray®} Kurtz 194502 H-25}%T}).
FHAE Kjeldahl E38He] WHOZ salicylic acid-thiosulfate
LA (Bremner®t Mulvaney 1982)0.2 H3)] s, 4=
FHl 248t @A BhE 2M KCl 33 £ Kjeldahl 74
S Z(Bremner?} Keeney 1965) £4131%9th. CEC ¥ Ca, Mg,
K, Na =& 1N ammonium acetate® F= & ICPE £4]
3195 (Reeuwijk 2002), BGw41S 2% (Green 1981) 22 &
A3kt

Jack bean¥} Bacillus urease 840l WX Ex N9 JT§
ExHo] AE uyreased} PIAE urease A0 PIX= FITS
dolr 7] 18k jack bean urease (440,000 unit/g, Sigma)<}
Bacillus pasteurii urease (220,000 unit/g, Sigma)s 2]E3}
L] thEZ ureaseZ AMEEIAT) Urease BAE7-2 Tabatabai
9} Bremner(1972), Mobley$} Hausinger(1989), Keeney$} Nelson
(1982)°] WS FAste] ARE-stATE 100mM phosphate
buffer (pH 7.0)1 10mM EDTA <} 20% glycerinS 7}t
phosphate-EDTA buffer (PEB)&-<¢ll 8 47433l & 4x(Jack
bean urease, Bacillus urease)e 30 unimL7} H=% Z}7} =
o FHEIGITE QAR & EAeE kR Yole] Falo|R
gde BEYs=d 92 Yol Fx+ indophenol blueH <]
Hu (Keeney9} Nelson 1982)2 o]&sle] EA3Itt S/
465 pL, 108] )43k PEB 60 pL, Urease 5pL, 160 mM urea-
N 40 uL, H23HYS FHFM=E 7IE 5% H(100, 1,000,
10,000 mg/L)= 30 uLE ¥ 35°ColA 387 w-3AZ ) o]
Z 150 uL= #30 phenol-nitroprusside 300 uLe} NaOH-hypochlorite
300 uLE ¥ F 50°C ol 30827 @AAZ|SL 630 nm
oA TAEE YA YRVl T ¥FEAY A=
o] HHYAL o] gsle] FieIF o, urease B A (%)=
control®] UEUL FEFE AT 0%= 7IE8k] L 2ol A
ZFeldeh. Ureases B4 931 WHEAIZl 3783k 7F A=
Alelste] ol dEUol Fxo FFE wiAstR o,
controk E% thil MeOHS AHZ|sh= o=z st

Ne

EY urease 849 v = x| JTF

]
EF urease B S8 27 T FEEEFE 20% (WW)E
U 35°Co|A BRF uet EYF 2 g0l toluene 80 uLE 3
7} & PEB (pH 7.0) 4mLE Tlsle] G4Hg FHEAT &
2EEot v, A2 ZAL jack bean?}t Bacillus urease 2
A SRR 2 3N B9 wlgEtATh RES F stop

)
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reagentZ Ag,SO; (3 mg/mL)E 2mL H7}sle] W3-8 FZA
2 ¥ 2M KCEs 20 mL %] 30%7F 21" & No. 2 oA
o AT S 400 pLel ot B F=298 100 pLE
FslA €3, EDTA 50pL, phenol-nitroprusside 200 uL$}
NaOH-hypochlorite 200 pL& o] 50°C =4 3083F &
AAZL F 630 nmollX FHEEE SHEAL dEYL v 9
urease E4 A= (%) AL jack beand}t Bacillus urease &
g ARPEHE Tl

Jack bean urease WM& vlX= Exde] JF
Sx0e] 84w Al 712k &7 flsled Hx2) 500, 5,000,
10,000 mg/Le} Q45 20, 80, 160, 320, 500 mMZ 2]
sle] 35°CoA 3% Bt WESAIZ] F jack bean urease WHS-
25 3T AR TS Ee 9 AF Tl Hhe-

Vmax, Km %S 78t & inhibition?] ¥HS-7|2-8 7)slgich.

EF U 84 7ieRed vXe B2 I

Exdo] EF U 84 7igialol] vixle JFE 2] 918t
fanof Bxols B A3 A § a4 siis) A E
Al EY U 9XYolE 2 M KCEZ-indophenol blue ¥
o7 FHslo] g4 7lrEe] AR UERAATHLIm 5 1998,
Keeney®l Nelson 1982). &7 & E¢S] FEEEE 30%= %
3L 35°CollA 31 adet B 20 goll urea 100 mgd E%
SIS FHRMAE 71 F=H (1,000, 5,000, 10,000 mg/L)=
1 mL¥ H7FE & 35°C &= wigq7lelA 1, 2, 3, 5, 104
St Fe vigeisinh ol Bl RIS nid=e] HA
8339 water filled pore space 60%Z% 3l th(Harris
1980). ¥l & 20g EY T 2g2 s 2M KCl 20 mLE
Hol 307k Y F No. 2 &Aoo AF&ATh F/F
400 Lol o333 Bk FEA 100uLE FHsA €3, EDTA
50 pL, phenol-nitroprusside 200 pLe} NaOH-hypochlorite 200 uLS
gol 50°C FxollA 3027 WA T 630 nmollX] F3=
£ At Control> Fx thil MeOHE Aelshe Ao
2 skl

4 Heolg9 A3 Az

EE AL pHEo® on R4S HolHe Hud) i
THAR FABIATE H2d Ao WE urease 4 A=
R 333 T3S o|§dle] UYRAHEA oz jol5 A3}
At AREHA O R Tukey HSDE AMEslom 2] et
2Zpol7t Qe 7A5-(p <0.05) e FEAR TEZ ol BAIE

ATt

Table 1 Physicochemical properties of the upland soil

23 4 3%

Exd 9 EF 54 4

£ Ago) AR8E Exdde] e pHe 318 92 A=s U
EPAT) ol Exdde] FAAJEQ] acetic acid, carboxylic acid
o] FERI Fo= tHEr) FxHe pHeE HxAS vree=t
AREE A=Al mel 2a4 o2 e AT 2 2.500014
3.59] pHE uYEPdthMathews} Zakaria 2015). 34 =3k
1004 3]4<fe] pH 3.3, 1,0008] 3]4efo] pH 392 345
AE e MRS 45 54S By SRMLE B4 2
F EBEx 117 1558 SRS sk itk A
AE AAT ARhpre] Hxde 744%°] =3 253%2 7]
BS ¥Fsl Jde 2oF WAt (Hagner 5, 2013). H3
olo] T e dws) A 1L A7, e, A et
og=Z2A Jeph x9S F2 guaiacols, catechols, syringols,
vanillins, isoeugenol, phenol, furans, pyrans, carboxaldehydes,
hydroxyketones, sugars, methanol, acetic acid, carboxylic acid
2 FA=Ho] dth(Zulkarami 5, 2011; Mathew®} Zakaria
2015). Exdo] F A FFLE 0.15%2 7712 H|F5o H]s|
Al e o Hgd Je itk dRuUSE ZF4(NH, -
N) TE= B+t 385 mgkgelal AL AANO-NE 4AF
HA it Al ARSE Ede] E2skehy 54 Table |
of Yeht glom AnkzQl A dRuA] B S4E Holi

AT}

(<

Exd%o] tdF urease B9 UAE I

249 HEle HxAS A s &2 controld] HE A&
urease 5= SIHF2] jack bean urease ol As|aaE UERITH
(Fig. 1A). 2% 10,000 mg/L A2 *] controlol]l H]af <F 83%2]
QAR A adE HAo™, 1,000 mgL e oF
38%2] AHEAZ B 100 mg/L 2o E 2 11% A3l
2 94N JAaHE Ao Ho|x] At} ExMo] jack bean
ureaseol|] tgt A3l G35 Awsl7] 91819 Lineweaber-Burk
HZE 28 F7IBIThFig. 2). Thde 52 Hxolg X
< W Viu® K. 7S Al4Fste] Table 20 JERA AT
Lineweaber-Burk 28] Z2 %€ 718k A3} jeackbean ureaseoll
)3+ A3l = non-competitive inhibition® 2 HTE T}

ExAS S92 W Bacillus pasteurii urease B A
AeHE EFE 190, 10,000 mg/L AA] FAe Hls)
oF 90% 4= A astE Bl 1,000 mgL e <F
55%2] AEAE BIo 100 mg/L AN < 15% A
=2 jack bean urease & Al PIRIRAR QAR A
EHE Aol HolR UThFig. 1B).

pH (1:5) EC (dS/m, 1:5) Organic matter (%) Total nitrogen (mg/g) C/N ratio Available P,Os (mg/kg)
6.20 1.13 1.60 1.20 13.30 546
EC (cmol/kg) .
CEC (cmol/kg) Soil texture
Ca Mg K Na
12.3 9.10 3.10 0.44 0.35 Sandy loam
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(A) 2.0 Table 2 V,,,« and K,, values calculated from Lineweaver-Burk plot
Pyroligneous acid -
A a concentrations Vinax (mg/L NH, /min) K (mM)
1.5 A T a
£ * T Control 293 448
E 1 500 mg/L 2.94 501
% 1o lf 5000 mg/L. 0.68 133
i I 10000 mg/L 0.45 100
S
:
0.5 A 16
=< c
’—x—‘ 1 XControl ®500 mg/L A5000 mg/L ©10000 mg/L o
0.0 T T T ) 12
control 100 1000 10000 2 10
Pyroligneous acid concentrations (mg/L) % 8
E
4
e 151 a /
~
2 I 2
Z T -0.012 -0.00P 0.008 0.018 0.028 0.038 0.048
‘g 1.0 1 I 2 1/1S1GmD-
'g b Fig. 2 Lineweaver-Burk plot of urease inhibition at different pyroligneous
g T acid concentrations. control (x); 500 mg/L. pyroligneous acids (@);
E 0.5 1 I 5000 mg/L. pyroligneous acids (A); 10000 mg/L pyroligneous acids (O)
c
0.0 . . . L . ) N s
control 100 1000 10000 jack bean¥} Bacillus urease B/ A aze} U S B
. . . Aot BEell= et S foll urease HRE ohlet E<F
Pyroligneous acid concentrations (mg/L) LH @E%]’E-P]' A3} @E%%-urease complex7} =517
(€)0-30 7 miol] £ ureased] ANEAE TR L Exoo]
= o095 ] #7 urease inhibitor®A] 7FX|7} Slthe A& ofm|git)
3 a oJHE HRAIE f/15YE Fxoe] wEA S A7
3 0.20 - '? | 5, 2000)0F FLeF A AASYAL, olEA FZHE] urease
o I I JAEHE AR AFT 5 AT AW A Aol
® 0.15 Kjeldahl 75 ©]8sI07] Wizl #Aaiasds k=t &
> b & AR} wEjo] 2mdo] Bl ) aaksl SAEHE 7
E 010 ! Ae EYRES B B Aol wskont, oyl Ao
Ei 1 =913 indophenol blue-2 AJI7FE 1,0007] o]ge] A58 &
2 ] T A o] B2 W urease A aAE zhe S B
< 000 , | L seu me wgel @ Aow wwuEn. o v ave
2 o O o 1~ o]l& F8
control 100 1000 10000 sES A HESH A W] AR v da o8 &

Pyroligneous acid concentrations (mg/L)

Fig. 1 Effects of pyroligneous acids on activity of Jack bean urease (A),
Bacillus pasteurii urease (B) and soil urease (C). Data are expressed as
mean = standard deviation. Means with the same letter are not
significantly different (p <0.05)

10,000 mg/LE A28 7% ¥4
2lo] Hlal] oF 88% Awe] HFHEAE HPoH 1,000 mg/L A
Al ok 55% Hwe] A EAE Bk 100 mgL Aol 7
& 8%Z 93|E Aol ZyIFeL), 919 ol control
 Folxk= QUQTH(Fig. 1C). EY urease B4 Asaxt T3k

E%F ureases= E%9

o] Zolxitke Bt AN ™M (Jianming  2003), Hx2He] AL
& EO@] g e gl dde A A 99
olgE=E =Y F Ut ¥RE stHeong T, 2015). Hx
A3} biochar poultry manure composts 0] 2|5t urease
24¢ Hrkst ArolMe bulk BRI urease 0] S8
o} ZHF EUdAE urease EAo = xfo|7} Qe Ao
E UETHLu 5, 2015). 22y 7] Aelres St
w2 A2gk Zlo] ot EY HrHE HFH e APl
7] wzel B Aot 2 AAE vlaslE ofE itk
Tz 4 222 44 AEste] =Eusle] AEA
%73 (fruiting ratioys H71gh AolX e ExHo] el HAlY
A Ao EFHo|gon o7 A FIFES Hrisk A

[
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4,0 1
35 | —*— control
= —+—1000
=
5 3p A —4— 5000
g —s—10000
5 25 1
]
o
o] 2.0 1
T
=]
g 15 1
g
=]
5 1.0 A
05 1
0.0 ; . . . : : . ; : . )
1] 1 2 3 4 5 G 7 g 9 10 11

Incubation tme {day)

Fig. 3 Effects of pyroligneous acids on soil urea hydolysis. control (x);
1,000 mg/L pyroligneous acids (@); 5,000 mg/L pyroligneous acids (A);
10,000 mg/L pyroligneous acids (O)

Z 2-methoxyphenole] 7F¥ 7} =& AL st
(Yoshimura &, 1995). Z2&ju} A&o] Zoie lﬂtl:z‘oﬂ st
Me FAHSRE distA Furh g = EF Bl 5%
Ag 2olaRioR 02% FAS W PR} 7}* =7k A
e @2 7ol Hlsl AAs] FaEon dHo| T T
2 dtgFo] Eolxthe X (Shim 5, 2010)7F o] Exdo]

urease TS Asfjer Ao E FAckEt)

EG U 84 7Rl X 5299 9%
2xd3 942 Eg Hska 10d A 3 10,000, 5,000
mg/L 524 AtAS A 22 oF 707 60%2] 847}
FE& Asjazs 23oH, 1,000 mg/L ZxdqL X759

= 16%2] 847Rs] Aslass Bk ols Hxd9
SFHME 712 5,000 mgLE 1 mL AZePoerE 24 100
mg Y] Smg & 8AHE FHY 5%E SRS W 60%
o] Al azE RtH(Fig. 3)

o)A AFolM =B 1oz Azl RS HEE
TEYUS W 524 A M|t EFC] pHE 7.891A 6.0
o7 *Wﬁw JHA =L o}e] 3‘74*}& TIHHO R oAsh=
Aoz RISFATHWin 5, 2009). °|52 EY2 pH Adp7t
Arole] Fake AAgitiar %7}0}%'12»} A Aol w
29 pHe| A8} wetopgt B W] urease B4 A7t
Yool 3ol @S vl ZoR dekdnt. Hxde] og g
20 7hEE] AslaAE 529 84 H|Ret T Bl
A wf dEYole] FAkS gol 94 H|Fe] AH] 28
=4 F A= 2822 WE F AT wEA Exde a4
HE9} ARSI HA B4 3| SlE mXA] omA
2hg glo] dAo] ¢4 Fgo] /s Zo= wE

=

e
"

S2NES AT W FERelsE ol gmfoh

E g Al 93 BHow Zxoll
ol e Gake s S Al e
P =]

ﬁlﬁ °ﬂ ]

S 9z adt 99X %}1 RE
Ae G veiser Sk d 5 LfH—ErOH a ,@_o] A
39l Aotk B ATl 8 HUAAQ) Bzl

o
QAR & (urease)2A] o
]E*}E Fal E@rletdnh B2 AE ureased} WAE
urease A EFERE ofE} thgEt urease complex’t &
Adhs BEY ureased| = AadE B o3 QARG
49] A= jack bean urease WH-3ELEE =793 ZH3} non-
competitive inhibition® 2 JEE T} S He g o) 3}

/\

Bz
)

A ) A A9 EF 0 adpaage oA
th o] Fol BEele ax wEsh go] ALY 4G 48
FEHE 420 TS TR B0 B FHE 2

SO TS difsle] M9 Yol =ie] € Jos 3
ek

Keywords %9 - U] As)| - 24 7483) - 247
Hal g4 - B9
A AR olololE FAT ARBLATA T QA% A

A=Y
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