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ABSTRACT

This five year(2002-2006) term study was carried out to examine the effects of continuous
long—term application of swine liquid manure to soil chemical properties and heavy metal
contents in greenhouse soil and vyield of tomato and cucumber. Treatments consisted of
conventional chemical fertilizer, three types of swine slurry; Slurry Composting and Biofiltration
(SCB), Thermophilic Aerobic Oxidation (TAO), and Bio—Mineral Water (BMW). Total nitrogen
levels of the SCB, TAO and BMW were 0.47%, 0.09%, and less than 0.01%. Amount of Heavy
metals of the three liquid manures was very low compared with the regulation level. Levels of
soil phosphorus, potassium, and heavy metals for soils with continuous application of swine
slurry were not higher than those for chemical fertilizer application. Contents of heavy metals
in leaves of the crops were also significantly different among treatments. For copper and zinc,
plant essential elements, the levels in leaves were in the range of optimum plant growth. Yield
of tomato and cucumber for swine liquid manure was not significantly different from that of
chemical fertilizer. The results implied that swine slurry may not accumulate plant nutrients
including phosphorus and potassium and heavy metals in greenhouse soil if they are applied

based on recommended nitrogen level.
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EdS Aot AR NZES AbEetal, 359 | 7k 7PE A4 el =3d TAOY 4S5 4
A 71H] A&l sdele s AlEskSlth QA Thee BEA] SEH|EE B ESEsiTh SCBQ]r
BMW=:= TAO9F #2 & Adste] w9 WA An] A& & WelE &qlon, B53 A4
QA Fhel= shehnl a2 RESkglth 7Ihl= 2 AW X 5 FRste] AES A, —ir‘ﬂ]
= AA B E3ste] dHog #Anjsditl T2 BN gdEn g s A AGAH] st
A Aol 248 vZFEEk-2 Well 9+A 4.4x1.8me] Fto] Lysimeters A2, RHEEE HXA
SHlAL i 59 ol S WASH] et Al ggtel= Al Ads HAA|silon, 5””*(2002 2006)
FU3 AlF o] FU3 AYES FUY. Al FA ESE B0z wAtE AdE(coarse silty,

mixed, nonacid, mesic Aquic Fluventic Eutrochrepts)3t}. Z&E9 Aul:= 49 %, S5 EntE
PN
&=

(Lycopersicon esculentum)E 328t £ & 8¢9 5, ol 2.9|(Cucumis sativus L)E 2315
=3

EYS vid EvtE 2 Qo] A2 d @ g $ AHHE 0-16cmelA AFH st 1% oS 2mm
AE SHAA FAed AFEsEth. ES pH, A71HE%, f7]1&, FaEQAN A3 dole T EY 3t
L sHHE7= 4200008 WS o8t SAHUY. EY pHe AR EYS TRT
152 3% o5 727 pH A58 A7|dEs d5S ol&ste S48t EY A71E %% f&
o1Ake- Z+z; Tyurin W3 Lancaster H_i Aerstich 71, 2, vtavlgEY e 23] ol e
IN 925 olAHolE (pH 7)& =3 t}g ICP(Unductively Coupled Plasma Spectrophotometer,

GBC Integra XMP, GBC Scientific Equipment Pty Ltd, Victoria, Australia)® 2433t} 71=§
A%, 7, YA, ofd, 2, e T SuEe §¥2 BEY AEE 01N HCl 89 (1:5)e= FE3
t}2 ICP(Inductively Coupled Plasma Spectrophotometer, GBC Integra XMP, GBC Scientific
Equipment Pty Ltd, Victoria, Australia)® A3} t}.
Alget dnje] i 22 AAER wolrt AqEd 1 H g % 13 2ok e O F A4 3
48 SCB9F TAOZF ZH2E 0.09%, 0.47%%=dl, BMWE 0.01% ©o|8t2 ul$- Yol & o] & Zwo|A
1438t @& AoR Bt SCBE 7FEkwan|n(db]) 34574l AAld A% 0 I
of 5% qule] AN AAFFS FolA e 2004W0] JHEE EAGGAS] AA o
T 1A Al Zad Ao ddHnt. EIF SCBE dAKRtr Jhelo] §HeFo] 2u] F=
o

1]

—% % -

2, e skl Aa AR VIEoR A Axsta e d ARl FA4b dgne A7) o

SAll= EF W 7h el Aol s-HEAT o] dd Wetors MM 324 AR T 7MY Bl

FHrals Ais 7o AHES hEste] AXshs S AT TR & o AAHAT
g, ofu] W )14k SCBeoF TAO R Aok 7he] FFut s vt AE5e], 54 Hule A

Gl Aot 22 QA Ao wAls diAem w2 Fow Wil

E 1 AGol AHgE qulel o]aets x4

o] a}etA Ad (%)

on) EF

T-N P20s Ks0 CaO MgO NaCl
SCB 0.09 0.02 0.19 0.01 tr 0.02
TAO 0.47 0.03 0.35 0.03 tr 0.05

BMW <0.01 0.01 0.09 0.04 tr 0.02




£ 28 Agel A8E dnle] FAPR Fa FE5 839 FFS BAD Arolrh Al on)
HEREMEV R FATAN AN 1FA olste] FFHL Ehl A FA 9 Ao 4
ZtElem, o] & SCB qulollA] ofde] Aol tha HL Zlox AU
%2 ARel AgE que Fas B
N su%5 d(me/ke)
Cd Cr Cu Ni Pb Zn Hg As
SCB 0.02 0.88 1.7 0.58 0.15 11.0 tr 0.01
TAO 0.02 0.67 3.1 0.81 0.05 0.61 tr 0.02
BMW 0.03 0.83 0.7 0.61 0.12 0.62 tr tr
CRCAIES 0.5 30 50 5 15 130 0.2 5
£ 3e B oAWS AR A 20029 AWEF 2 PG B S BAS Aotk &
e viabd FERA EF plE 5824 AAF Aol Agsglon, dast A, At AYF g
wof Slfvh. f-Evet AAAuA ] Bt bt shE] S 1,092me/kg? 1.27cmol kg ® A

[e}}
gekol 350-500mg/kg¥ 0.7-0.8cmol’ /kgES Z38to] 70-80%2] AlAa$-2~ Eoko] HAzkw T}
g &, 1998), & Aol 2291 Al A 2 A dutEA] ol AFIF JAHA &
o= HRth f-Euet A|HAAA Y] EYs 7 T ofde b 3.7mg/kg¥ 23mg/kg°l
s, 1997), B & (2006)°] HZ A= AHY EntE AAAAS] 7184 T 9 ofdS XA
7 747} 11mg/kg, 41mg/kglit 2019 49 7t7F 12mg/kg, 51mg/kgAon =, & *‘mﬂ 29
A2 el Fejet ofdd 3R vt AR A Y] Htolu AR A9 EnE, Q0]

E 3 A AR B getd H 78 Tas T
. EC P20s5 NH4 NOg Ca K Mg Cu Zn
p
(dS/m) mg/kg cmol(+)/kg mg/kg
5.8 1.2 583 21 120 4.8 0.7 1.6 0.9 7.1

O]

5UZF 3% =Ry wadnE AL 2y B e ¥ 49 P EY pHE %fsﬂ i}f‘%ﬂ
Aldloll Blsl °F3F worow fU|E SHEfo = a
I S I R
T =gkt BMWE 339 =8y dtgdn] 71¢
o] Ps} goton= s RE Aelst BPAn|Fef Aot vjszs)



E 4 ARF AA 2 5o

A2 oH EC OM Ps0s Ex. Cation (cmol(+)/kg)
(dS/m) (g/kg)  (mg/kg) K Ca Mg
TAO 6.1 1.6 21 571 0.66 5.2 1.7
SCB 5.9 1.4 20 547 0.55 5.1 1.7
BMW 5.8 2.1 22 657 1.02 4.6 1.8
Y Al H] 5.7 2.0 21 613 1.14 4.9 1.9

AR EGY F55 > At 73 Zol& HolA| gol, que] A&o] EY TuH TFS
QAN = BAEFS YEPN A= FUTHEE 5). o2 Zadnjo] H]g)] o} o] Edd SCBY 49 &
Fo] 7HEA ofd EFE e Aok Hlulste] FA] ol AR JEFS FA= ¥E AoE Bt A
(19970l w=m, bt AR Y] Ht a5 FFS JF=F 0.21mg/kg, T-E 37mg/kg k=l
2.5mg/kg, o1 23mg/kg, B4 0.65 mg/kgR o, FaEed & & A7t d= BEGS 7HA I
=5, T8¢ o} =S 25mg/kg, 20-100mg/kg® 150-500mg/kg(3, 1993)o. = OLE%?Q At} o]

J_:rL

o Wsl AR AA Ko FEE WBE vl vlol, Ak ] FEOR A 4uE A
% Qe geED nEts 49 TS 09oR s Aol AF 9 SuE gt dow vy
oh e e WAY o] Al thE g o GEsiAor & ol

¥ 5. AES AujA] BEYe S35 I

A2
Cd Cr Cu Ni Pb 7n Hg As
TAO 0.05 0.38 1.2 0.23 1.4 6.4 0.03 0.05
SCB 0.06 0.38 0.9 0.20 14 6.1 0.08 0.04
BMW 0.05 0.37 1.4 0.17 1.4 8.4 0.03 0.04
e A v 0.04 0.37 0.9 0.19 1.5 7.2 0.02 0.04

EntEel Qo] 9o Fad dFS i 6% 7E o] A ztoll & ApolE HolA &kt o] A= FAb
T Anje A7t ﬂ@ﬂl Ago] Hlste] AEA S Fa& FHFS %EO]X] et A 3|
ol ofd o] FeFo] #9kd SCBe| 4§ the
SCB oH|7} ofd 3ol HSA| e A ﬂﬂd‘:‘r‘ﬁ Ed *—"%iﬂ | ofd FHFS FTHAIIAIE
= Aox Addn. A F(1997)° W= vt AJEAA Y Qo] o T H FEE 7
=% 0.54mg/kg, 7+ 11.5mg/ke, & 3.6mg/kg, °}¢1 73.4mg/kgR L, ﬂ 5(1997)2 FEA Al
AR A Qo] 9o it ofd IS 64.0mg/kgoletal Hasith HE A 5(2006)°] 7
AleEg-2=o Aushes EvtEel Qolo FuE TS AN A EH}E—C T2 568 mg/kg, o+l
38mg/kgR L, ol 78 169mg/kg, ot 101mg/kgo = wi-¢- S7kstitt. A & (2001)e] ¢-2vhet
oA AiEE sAHEY TS A ES Hrlsty] f8 sAEY TEsE e ST Ayl m=
W, A& FolA Fh=F 0.44mg/kg, 78] 8.2mg/kg, & 4.0mg/kg, °F 74mg/kg, YA 4.0mg/kg, =
& 1.5mg/kgelqltt. ol A& A4 235 ads] B, 2 Ao EvtES Qole Tasol HAH
Aow Ho|X= et ¢, e A i FHA Y A nmFdae g T

i JH
Jul



5-30me/kg, oA 20-150mg/kg &2, ¥ ARl ErhEs 2ol el ofel gake] REaA Bl
34 ekgieh.

A6 AEAY TEE AR

A5 A Ta5 TFmg/ke)
Cd Cr Cu Ni Pb Zn
ErnE TAO 0.11 1.4 13 2.0 1.4 26
SCB 0.15 1.3 11 1.6 1.6 27
BMW 0.34 2.0 7 2.4 1.1 29
YA H] 0.21 1.3 10 2.2 1.3 31
Q0] TAO 0.28 2.4 12 5.9 5.4 40
SCB 0.37 2.3 17 4.3 4.4 35
BMW 0.33 2.3 24 3.6 4.0 48
YAl H] 0.16 2.2 29 5.1 2.3 48

S5{zke]l AlE 7|7kl AA ARMEE EnfES Qoo FERS AN Ade i3 7 Zrh U
HZ7Fal-9-2 AR BAIR A7) be] gl EvtESE Qo] 27]% AR A Fege Ao
Al e JoME FE7F itk AR o] abole Zgte] wEbA] thA zfe]7t o of
S Al&gk Aok Bo] shetuls Auete] Apole AR HA Fsdrh olef e XS = o
ok HE AHE ALAS FedE AEY FEAd FFES v A FE AoRE HRl
X 7. 95 EulES} Qo9 fukA (&1 : kg/10a)

o =

z B A 2]
2002 2003 2004 2005 2006
SCB 4,715 4,857 3,520 5,628 4,046
- TAO 5,070 5,001 3,669 5,308 4,098
BMW 4,791 4,655 3,492 4,141 4,046
A H| 4,965 4,647 3,811 4,514 3,915
SCB 2,072 2,160 1,758 2,342 2,871
o] TAO 2,122 1,842 1,486 2,330 2,871
BMW 1,999 1,850 1,690 2,304 2,610
FHEY A H] 2,266 1,764 1,430 2,169 2,610

4. 2 &

Tl FAE AHjo] Ago] AJMELe-2~ B B 9 T el WA= Y EvtES o
ole] AFI +F P Fadk dg vAE FFS FEstaA 200295 2006174 5 2 A
gtoll FU3 AnE Al AEe Aol el ¥l SCB, TAO, BMW on tjz2 3}
s A FE Fof vlastih Al 290 A= YE A FES O, A~
2%k A dutE A ol Ege] gty Fado]l JAEA = &dth TAO Hlg] SCBE A &%
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LR AHE AEsto]l AL Ay, B sl glo] setula ATl vl A4k} Tk rr 4] 9
grov TEE FFE ;A Fodth ol wel A TS T B seuls Ao A o
22 ggko AEAA 2zl FEE Y vasi s JA S A& BolA &ddrh gelet
ofdel AF- AEA A FFLE A T HS el A EvtEe F32 ddAEe A4 ¢
22 ol Fab on|e] Aol Az FFA FdFS vAAE ¥e AR dddn. o= Edk
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