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SUMMARY

This study was carried out to evaluate the feasibility of liquid pig
manure (LPM) as a substitute for chemical fertilizer (CF) and to
reduce the amount of chemical fertilizers being used currently. Potato
was cultivated in reclaimed soil located in mid-mountainous area of
Jeju Island. The soil chemical properties and potato tuber yield were
examined with the four treatments ; 100% chemical fertilizer (CF
100%6), 50% chemical fertilizer and 50% liquid pig manure (CF
50%+LPM 50%), 100% liquid pig manure (LPM 100%), and 150%
liquid pig manure (LPM 150%).

The results were as the followings ;

1. No difference between the treatments was observed in soil pH,
organic matter content, available phosphate and exchangeable cation

capacity.

2. The contents of NO3-N at each growth stage were higher in LPM

treatment than in CF 1009.

3. No difference between CF 100% treatment and CF 50%+LPM 50%
treatment was found in plant height. The plant height of LPM 100%
treatment and LPM 150% treatment was lower than that of CF 100%
treatment. The treatments gave no difference in the number and

diameter of stems.



4. Mineral contents of potato leaves were almost same in all the

treatments.

5. The tuber yields of both CF 1009 treatment and CF 50%+LPM
50% treatment were identical, and higher than those of LPM 100%

treatment and LPM 150% treatment.

6. Incidence of potato common scab (Streptomyces scabies) was lower
in CF 50%+LPM 50% treatment and LPM 1009 treatment than in CF
100% treatment and LPM 15096 treatment.

7. Reduction rates of chemical fertilizer by using liquid pig manure
were 27.2% in CEF 50%+LPM 509  treatment, 54.2% in LPM 100%
treatment, and 65.3% in LPM 1509 treatment.

8. In conclusion, the growth and yield of potato was not different
between mixed fertilizer(chemical fertilizer : liquid pig manure = 1:1)
and the chemical fertilizer. Therefore liquid pig manure could be
substituted for some amount of chemical fertilizer and also live-stock
manure as a source of environmental pollutant could be used as

fertilizer.
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Table 1. Production of pig manure investigated at Jeju Province in 2002

Daily Annual

] No. of the  No. of the . :
Sites ; . production production

arm 1

e (ton) (ton)

o 27 9,572

Jeju-si 12 6,331 a7 (6,031)

’ ‘ 140 51,067

Seogwipo-si 39 33,154 (87) (31,584)

N 1,139 415,745

Bukjeju-gun 226 269,912 (704) (257,132)

o 567 207,107

Namjeju-gun 90 134,459 (351) (128,092)

1,873 683,671

Total 367 443,856 (1159)  (422,839)

“( ) : pig urine part among liquid pig manure (2002, Jeju Province)
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I. A4z % Y4

woAgel AL FAMNE FATE NS FUY A AFGED

o AitE =Ex A EA ZEFFS Table 2014 H= npel 2o

Table 2. Chemical properties of liquid pig manure (LPM) used in the

experiment

T-N° P.Os KO Ca0 MgO NasO 7Zn B  Fe Cu Mn

030 004 015 002 0002 004 64 40 165 21 0.9

“Including NO3-N of 7.8 mg/L and NH4~N of 2,590 mg/L

2. HHE AlE 2 AT Xl
1) 3ng € EExndH] A
2 Qv 2 E<F incubation 2]+ Table 33 o] 3s}eu]s 100%,

steHl 5 50%+= it s H] 50% 7, = H] 100%7, =] 150%
T 4AE FE FReH, AdT A= douA ez skl



Fohuln 100%7E HETE 2GS AAste] BAT 5 AuAg
o] MRE Agson, ERuw o AgTE dh ARE JFoR

gTsh g ol AulFE AEstel Hestar

Table 3. Application rates of chemical fertilizer and liquid pig man

ure treated for potato cultivation and soil incubation

Chemical fertilizer o
Liquid pig manure

Treatment (kg/10a) (ton/10a)
N P,0s KO ton/10a
CF100% 19.0 295 18.0 0
CF50%+LPM50% 85 21.1 12.8 S
: ‘ ‘ (105-1.4-5.2)
LPM100% 0 19.7 75 0
: ' (21.0-2.8-10.5)
LPM150% 0 183 2.3 105

(31.5-4.2-15.7)

() : kg of N, P2Os, and KO included in liquid pig manure.

22l shskr) | 100% 2] AlHjEe A4 190, A4F 225, 2] 180 kg/
10a2 a4 Hge 24 Axte &3¢, Zee d3rte S AFESEITh

3l 5 50%00 =EH] 50%S &3 A3 AlS= 3 E 100%6 9]
ALARES 7NFo=z FshH|as ERndnE 747t 50%E A43-4,
ERwon] Ay EHES 35 ton/10alZ o] Fo|= A 105, Q4F 14, e 52
kg/10a7} &= 9o steu]E Al&A] o] nkF 7Hsle] Al8-3+%

=Ry AH) 100%7-9 150% 7= =% Au S Z2+7 7.0 ton/10a, 10.5
ton/10as A Est o, gshujg A8 sk g 100% 19k 2 AlH] S



A 7E g AlEZFS 49 m*(7Tm x Tm)E MR 100% T
A2 093 kg, 14F 1.1 kg, 2] 0.88 kg, 3F3MH] 8 50%+= 23 o8] 50%
T A 042 kg, 94F 1.03 kg, 22l 063 kg, =ExAH] 100% =
Q1xF 097 kg, Z¥ 037 kg, =R 150% 7= 14 090 kg, ZE]
0.11 kgs Al&3tt.

ERnH] A &% 49 m(7Tm x Tm)d MR 50%+ =] 50%

T 1721, =3 = gH] 100% 7+ 343L, =i v 150% 71+ 515L=
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Fig. 1. The diagram for soil incubation experiment.



3. &AL i uf

B OAYE 2004 SEHEH 12¥€71A] 570 Fot BAFET o€ BAld
A FGAAEAE ERQ FAMR] EFo A X AR Solanum tuberosum

L. cv. Dejima)E& SAIEFToE 3t 7S A2 A A8

a9

A AR 7FR Tmox A= Tm Aol 107] olFS whee] AAlsa

WEdA vzt B o5t f4& Hastelr] dlste] AT Abol
of 60 cm A= E2olwg WEO ojfaton, 3T 99 1o
AXAE 70 x 20cm®z Al E 10 F4 F 100578 A, FHE 12
10l A A sk

o,

AR A B ststA 542 Table 49 %ol pHZF 52, §718 o
108 g/kg, NO3-N ¥ # 50 mg/kg, & A4 FHFHS 177 mg/kg
o], XA d7] F ZY e 112 cmol'/kg, Z4 259 cmol /kg,
vl 245 1.29 cmol’ /kg, YEF 0.07 cmol /kglo & thA| A o2 oFidtako)
T vb& F4kgE ANEA] E kol it

a2 9] Faals WA HEAE 5 IRty

Aol =slke] AA S

rr

Td7 =

(o
=5
M

Table 4. Chemical properties of soil before experiment in potato field

Available Exchangeable cation
pH oM NOs-N

P,0s (cmol /kg)
(15)  (g/kg) (mglke)

(mg/kg) K Ca Mg Na

5.2 108 5.0 177 1.12 2.99 1.29 0.07
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Hol FAENAIA HAa A2 7] (Buchid399, Germany)= A 3FA T
(Bremner and Mulvaney, 1982).

e Ak

rr

== dd 10 mLe F#ste] A A7 (Kjekltec
2200, Fosls Tecator, Sweden)®] kjeldahl flaskel ¥ % 600 ~ 700C
o 1 MgO 3 g& ¥o &7tg] 3}ttt

I g 30 mLe 2% B2} 05 g9 bromo cresol green¥ 0.1g
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3t HoSO,~Hz02H (Anh, 1987)2.2 #3A1Zl H HF F39E 100 mL=
2AT e BAAL 22 Hs] FEAY Fehxvh AARE R

(70C, Jobin Yvon, France)2 =3 3AtHx=&1%53, 2000).
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EY AEE 8E AE A, 102 /M3y el 119 2 F87)0 A F
st dF e Ede HAY 9 dRFH AAE AESA 24
G, UmA = T3 & 2 mmAZ F3AA pH, EC, 44, EYF
fF71E, radA 28 A3 Fol2s A s

155 H&= 3

t}& pH "l EH(Horiba 1024, Japan)ZE A}
F715 EFe TyurinW oz EY 02 g5 Azt=g2=d #H3 % 04
N KoCr:07 &< 20 mLE 7Fste] 150C A dghel| 4] 4587 7hd sk h,
ol HEy o] &A T o 50 mL TFF, 5 mL HPOs, 05 mL
Ortho phenanthroline A A ¢S Z+ZF o] 0.2 N Fe(NHy)2(SOy): - 6H05
7V 3 A Aste] A 89 tH(Nelson et al, 1982).
GEAak S Lancasterd o= EY 5 g2 100 mL Az eb =19

s T 20 mL SN shate] 1087 19Ed i, No. 6 o] 34 =

234 ol FHEe B 5 g& 1 N NHOAc (pH 7.0) €9 50 mL=
7bete] 303F MW stA L, No. 6 oJFHA & oFste] ey ZHepzw

T THAL FEFS EY 1 g 14 mL HSOs A4 AsE27] 8
w3 ZEtxad Wi BaAIZl & A4 A4 7] (Buchi3®9, Germany) =
=45tk ZAate] 2 dEFEH dave 22 EY 10 gl TFF 50 mLE
7vate] 3043F X3 aL, No. 6 A Z ofate] o] xaAZntE T1#]
(Metrohm 790, Metrohm, Switzerland)® 4 3}$] t}.
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1. ZA A e =l =tsty 54 H

Am
o

) NAEFY Fad 54

587 AANA EFe] A5 W Table 59 o] pHi=
AP 520 wae etug 2 ERmdn A&F BT 50~512
v 5 100%7-¢F 3stH] =
50%+&= 2] 50%7-7F 102 g/kg, 104 g/kgo 2 AlF A xpo] 7}
= AE] 100% 9 R ] 150% ol A v shgko
o

i
B
v
_,Cl

5“
_L
7
o
M
Ho
N
i
1%
oft
rlo
Lo
&

r BE A7) 134~146 mg/kge- 2 Al¥ A 177 mg/kg
woh volga, AT+ 3eHH| B 50%+= ] 50% -7t 146 mg/kg =

g2 AT B oA ygkont Al 1 Aol gl
284 oFolestak WMBlo| = Ze] e 1.12 cmol /kgol A 1.24~
154 cmol'/kg® HAAZOCZ =olxli, o = 33sHHE 100%77F 1.54

cmol’ /kgZ 74 Eokow Fdu g 50%+EHE 3w dnH] 50% 77 1.34
cmol /kg2 A ko AHE 3+ 2ol §lldh

BN, Ze ke s 50%+ =ity 50%77F 2.05 cmol /kg =,

o e =R n AN 150%77F 062 cmol /kg® T Sk,
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Table 5. Chemical properties of soil after potato cultivation

Available Exchangeable cation

H OM NOs;-N N
Treatment ) : P25 (cmol /kg)

(1:5) (g/ke) (mg/ke) (mg/kg) K Ca Mg Na

CF100% o1 102 7.78 134 1.54 2.06 0.70 0.07
CF30%+LPM50% 50 104 8.20 130 1.34 2.05 0.75 0.07

LPM100% 5.0 96.0 8.14 135 1.50 210 0.65 0.08
LPM150% 51 956 8.12 144 145 212 0.62 0.09

2) EY 5 AH 4 w3

A EFAA el Aitefjd s gk Astol A Al &4 %9 NOs-N 32
Fig. 29} Zo] A& A 50 mg/kghtl RE Ay FolA 172-186 mg/kg
HAZ Folxorn, Ayl b vHludA s serls 100%7-9F = o]

150%77F 4 stekont A2t Apol= gl

_17_



Mst71ell= 242t 81.5-93.0 mg/kge = A&7 % 172-186 mg/kgk th
B AAE BAd, F7)d e e A7 7.78-8.20 mg/kglo 2
obxlom, o] & s}eHlF 50%+=ExHH] 50%T7F 8.20 mg/kgo®

ojFA Arted s ko]l FaE= AL AFe] IdH

250
B CF100%
O CF50%+LPM50%
200 |
- LPM100%
< LPM150%
£ |
= 4
-é 150 | ' ]
g
=
o
(5}
Z. 100 |
S
z
50 |
0 . , W
After seeding Flowering stage Harvesting stage

Sampling time

Fig. 2. Change of NO3;-N concentrations in soil with time by the
treatments of chemical fertilizer (CF) and liquid pig manure (LPM).
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o] AehEA NOyN& JRgon 2ms7] wiele st gon, £
Gel A T8k e g8 FAGES 2 NOr-NH A% ofste]
5 AATC g9 WAse ThE 2t Aole sarke 5, 19D,

A

EF ZolH NO3-N F% #¥oA HEINAMS NO;-N %+ 4~13
mg/kg BGoH, AER0~40 cm)olA 2 NOs-N FX=+ 2IN(10ad dAa
21 kgM&) Al&THE AT Tt we EY T NO3-N s
7= o] 35N(10a" A 35 kg Al§) Al&FolA 838 mg/kgo= A E
o S4HE @S v stAT(E, 7, 1994).

Egel e Aamae o] #F ArRe FALEN) A da
HEE o|&3te] Alvjd Hl 859 ZHF{ a3} (Westermanet Kurtz, 1972),
olA AL A 4 9] A3 (Sterven and Laughlin, 1995), €2 28 (Focht®} Stolzy,
1978), A FE &)X NO3-N&F o dbefd o] &4 (Chien et al, 1977),
AR Fol&2 f7]3HThehan, 1994) 5= FH3}3t}.

g 254 HstE BHled, =R dn A g F 30 Aol Au

= sk ATt 7o dojubA gtk NH-N ghdd2 3pshe| = 100%7-<F
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EEEN] 100% ol A A& & 5474 Z+7+ 136 mg/kg, 247 mg/kg S =

7HE Tt o] % 2547 A] M E] A EH o, 3| E 50% =

] 50% 72 EEE=NH] 100% TN = A& B
2

o
%
0lmg /kg, 241 mg/kgl 2 =3Ot} A& 16Y o]FHH 254 7+4]

P
o

5¥ A NH4-N §eko

CF 100% CF 50% + LPM 50%
300 B

200 B

100 | B

400
LPM 100% LPM 150%

300 -

o—»O/O\O_,/OO/O\O/O\o

200 -

NOs3-N and NH;-N content (mg/kg)

100 | i

P PPN Sr—../

0 S 10 15 20 25 300 S5 10 15 20 25 30

Incubation days

Fig. 3. Changes of NO3-N(@) and NH4~N(O)) concentration in soil by
the treatments of chemical fertilizer (CF) and liquid pig manure (LPM)

during incubation period.
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AG A& 4597l 500~600 mg/kgl® HAAE B, 25Tol Y o
800 mg/kgold wHAE o] 10T 15CAH YR =&

1999), ©] 5(2000)2 € F-=¥ FAHEHIRE E4fo] A& Ao Ag

30974 drweda S 350 mg/kg~400 mg/kgell o] &vkar sheith
NOs-N a&msts= g3 a 100% 19 33HH 3 50%+= 2 ol o)

50% Tl A A€ & 547 722 929 mg/kg, 77.3 mg/kgl & o]% 25¢
WAl Zbzk 172 mg/kg, 188 mg/kg7tAl A3 Srtete S B wr
W, =R 100% 79k SR 150% ol s AlE & 594l Zh2

mg/kg, 85 mg /kgQZ WERTIE A& F 13YU o] FHE AAE] T}

atef 2597 ol Fell= 27t 21.1 mg/kg, 100 mg/kg7kA] 5718 ATt

19§28 A9E RaEwes o Afde @ daHds
ko] 100 mg/kg¥ = A7) A g2 200C o)dol|Al 459 0] 2oL
sglael £, 2000, EF F F2FFe f/1A0R Aol dAHoz
FO AFe ngom, F1E MENE A2F o] B LI} BLFE
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Table 6. Growth characteristics of potato plant measured at flowering

stage after the treatments of chemical fertilizer and liquid pig manure

) Number of Diameter of
Plant height
Treatment (em) stems stems
cm

(ea/plant) (cm)
CF100% 66.7 3.8 2.2
CF50%+LPM50% 67.8 3.9 2.2
LPM100% 61.0 40 2.0
LPM150% 60.8 4.0 2.1

olsh fAE AR ERwn] 45 ton/l0a ol A& Ae 2Fe

2}
dojia Ao 8 Aol flvar e (%, 2004), sl =
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Bwauls A8 A9l gdoldE Afzldl ERioul sl sheh g
AgTET 2Fe vha FEsgou, £3 AdE neaddy 39
(4}, 2000).

=71 71 3 R100%7-9F 3FetH| R 50%+=1E i i H] 50% 77 &S]
22 cmolem, == AH 100%7-¢F =ExdH] 150% T+ 27 2.0
cm, 2.1 cm& A& b Zol7t gl

ole} fAlgE 9ol lolA Hx AMAl Aad Blm Algo] AN S
AR BAE 27] wite] da AlEF] B4 A

SFATHE, 7, 1994).

e
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287 AAY F FARE FLE Table 73 Po] Az T et
H] 550%+= 1] 50% 1 7F 298% % = AlS+ 3.00~3.03% Hrt} tia
ou] A&

stolout mleshglan, QI b Shehul R 100%79F =i ein] Al
[e3]

Table 7. Mineral contents of potato leaves measured at harvesting

stage after the treatments of chemical fertilizer and liquid pig manure

T-N P K Ca Mg Fe 7Zn Mn Cu
********* (%) —————~ -—— mg/kg ——

CF100% 3.03 045 211 147 0.80 96.8 12.0 13.0 6.5

Treatment

CF50%+LPMb50% 298 045 211 1.48 0.80 93.0 11.8 122 6.1

LPM100% 3.02 045 215 151 0.80 90.8 119 120 6.2
LPM150% 3.00 043 207 145 0.77 95.7 104 116 6.2
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Ze e 2R 100%T7F 215% %2 3H|E 100% 79+ 33t
H 5 50%+E s H] 50% R oA Zqkoy Hlzstglon, Ze 3
o E=Rwpan 100%T7F 151%% thE Aw T 145%~1.48% K.t thAi
Edou, Ay 1+ Fo4L i, wade FE g =Rmon
150% 77} 0.77% = tha viekot e b zbol & §lolth.

olo} fASH AR EFmAH] Algo] FFuztEe Aol n A&
Algoll A A F7188 R AP 1 & Aole gltka &l

(dh, 2000), & A&el Aot dA 8T
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AR ol et R 0%+ ERwn] 50%T 7l Table 87 ol
2,875 kg/10az 3+ev| & 100% 7 2,895 kg/10adt= & =Fol7F gllom,
== dH] 100% T2 =291 150% 7= 22 2,695 kg/10a, 2,675
kg/10az oA v AyE B

Table 8 Potato yield obtained from the treatments of chemical fertilizer

and liquid pig manure

Yield (kg/10a) Tuber” Total

) Yield
Treatment 8lg~ 5lg~ 3lg- rate  yield |
>121g <30g index
120g ~ 80g 1 50g

(%)  (kg/10a)
CF100% R RS- IS200R220 SR 00Y 289 100

CF30%+LPM50% 1,245 750 375 305 200 694 2875 993
LPM100% 1,170 670 3256 285 245 683 269 930

LPM150% 1,175 655 425 230 200 684 2675 924

“Tuber : potato over 81 g of weight

Tuber rate = total tuber weight / total yield x 100

FARRE A9z gRAA Seul e 5006+ E R melu] 50%2 Al g
- sheknl R 100% A&7 ] Ak e 5% SHE AL, 8 ton/10a
ol A& Al FAaFkar skl oM (7, 2004), A B A}

&
gakel ojul 20 ton/hag N|FOE HESE PHEA ABYHFE e



MRS ASE R0 vste] 08%9) A¥ £ BAN, FEuEE A
AL S B9 7F 15729 kg/ha, HWIAE7F 15239 kg/ha® 3}t
Hl & AlgTroll mlsl ¥ Apolzh filvkar sFltk(al &, 2001).

AAES s 100% 79 SHeH s 50%+= = A H] 50% Tt 2+t
69.9%, 69.4% = B]5zstlaL, =/ H] 100%7-¢F 150% 7+ 27+ 68.3%,
68.4%% tha wroke=dl, A b Apol= flgdth

ofsh fAtE AIE AAANWA SIHIE 50%+E R qu] 50% T
st 5 100% 719 A& 717 88%, 87%= A= H|sz3t A3E HS
= (7, 2004), A8

2 o® A RREA

of £ AgelN AAHOoE Fe AL ofup Lol

N
WS wEoe Ber,

lo o

1+
N

rlo

2) ol A XA
Fg7] 22 gdely zAAN tde]y TP == Table 99 2]
e 8 50%+ =5 olu 50% et =R m A 100%*E7 27 8.0%,

81%= 3guls 100%7- 88%°l Hla ThAi wrokil, == Hu] 150% 7
A= 10.2%2 B8] B 100% 7 88%KT} tha =& WA ES 1=,
A ES Fel o Belset orste] o @ Alelet Az}
FAbE A zE Aol wol E3E ERn Hulg R ALa)
A gt ASTRY Cgold WHEs B AvE mel ALEA

ayafor & ol sk a(%, 1999), Aw7HAl el A el s 7kt
Airbsel ozl ety Ak AujA] 2= E Abed dgols ¢
Qo] TFo] wol yetdra &l=d, ol
ARESIAY Al Bl dtle Aol dete] B o] ofstE o] a9

A7 et Ao o AX
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Table 9. Incidence of potato common scab (Streptomyces scabies) by

the treatments of chemical fertilizer and liquid pig manure

Diseased tubers Disease
(ea/10 plants) incidence
Treatment
percent

4 3 2 1 Total (%)
CF100%% - 1 2 6 9/102 8.8
CF50%+1LPM50% - 1 2 4 8/100 8.0
LPM100% - 1 3 4 8/98 8.1
LPM150% - 1 4 4 9/88 10.2

4: Diseased over 20% of tuber surface, 3: Diseased 10~20% of tuber surface,
2. Diseased 5~10% of tuber surface, 1: Diseased 1~5% of tuber surface.

w5 Ak Aol Ao Hgol B2 vy 52 7 ujEE sty
Fae F AmA el el HEo] TAELS 20.8%~26.3%<1H M8}
Azt Az HHloly W& 548% = AAS sHA HW

oy WAL HlwA goptta &S, 2001).
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Table 10. Reduction rate of chemical fertilizer by utilization of liquid pig manure

CF50%+
0, 0, (¢}
Treatment CF100% LPMB50% LPM100% LPM150%
CF
(kg/10a) 59.5 42.4 ol bih 20.6
Reduction rate
(%) 0 28.7 54.2 65.3
olg} fA1E AgRE FE dF ERwoln Agaveld ez

50% +w=Rwdn] 50% 77 FrFEs R st Ut 28% A 7HE AT
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