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Summary

These studies were conducted to 1) investigate the contents of various
nutrients in liquid swine manure to use as a fertilizer (Exp. 1)

2) evaluate liquid swine manure containing two levels of dry matter as well as
other nutrients as a fertilizer for production of Italian ryegrass, rye and oat (Exp. 2)

3) evaluate liquid swine manure as a fertilizer at various levels for production
of Italian ryegrass. (Exp. 3)

In experiment 1, samples of liquid swine manure were collected from 118 local
swine farms and classified into four different types on the basis of dry matter
content. EC, BOD, SS and the content of dry matter, OM, NH,-N and various
mineral were determined and relationships among these component were examined.
In experiment 2, no fertilizer(TO0), chemical fertilizer(T1) and liquid swine manure
with two levels(DM 2.7: T2 vs 599%: T3) of dry matter content were applied to
pasture in which Italian ryegrass, rye and oat were sown(4 x 3 factorial ) in split
plot design. Yield and nutrient contents for forage and soil properties were
determined. In experiment 3, no fertilizer(T0), chemical fertilizer(T1) and liquid
swine manure( 3 different application levels: N 100%: T2, N 200%: T3 and N
400%: T4 equivalent to that of chemical nitrogen) containing 2.4% DM were
applied to pasture sown with Italian ryegrass. Yield, nutrient contents in Italian
ryegrass, and soil and leaching water characteristics were determined .

Most (92 farms) of the 118 pig farms produced manure containing dry matter
less than 3% and 18, 5 and 3 farms produced liquid manure containing 3~ 6, 6~9
and more than 9 % dry matter, respectively. Dry matter contents of liquid manure
was highly correlated with EC, NH4s-N, T-P, Ca, Mg or Na while moderately
correlated with K. Correlation coefficients among the determined components were

significant except for those between NH;—N and K, Ca or Mg, between T-P and



Mg, between K and Ca or Mg and between Mg and Na. (Exp. 1)

Application of liquid swine manure containing 59 % dry matter resulted in
highest DM vyield in all three forage species compared with the other
treatments(p<0.01). Crude protein content( %) and yield( kg/ha) were highest in
rye compared with the other forage species (p<0.01). K and Mg contents were
higher(p<0.01) in rye than in the other species while Na contents was higher
(p<0.01) in Italian ryegrass than others. Mg content appeared higher in rye than
in the others and higher(p<0.05) in forages grown in pasture applied with liquid
manure containing 2.7 % DM compared with the other pastures. NOs—-N contents in
soil was lower in pasture with rye growing than the other pastures and higher in
pasture applied with chemical fertilizer.(Exp. 2)

DM vyield was highest(p<0.05) in pasture applied with chemical fertilizer and
increased with increasing levels of liquid swine manure. Crude protein content( % )
and yield( kg/ha ) were higher(p<0.05) in the forage grown on pasture applied with
the highest amount of liquid swine manure(N400% ) compared with other
treatments. Most other nutrients including P, K, Mg and Na were higher(p<0.05)
in forage grown on pasture applied with N 400 % liquid swine manure. Soil Mg
content was decreased with increasing levels of liquid swine manure. Soil NOs-N
was higher on pasture applied with N 2002% or N400 2% liquid swine manure,
compared with that applied with chemical fertilizer. Soil NO3;-N content was
higher in 1 ~ 2 weeks after the fertilizer application, whereas it appeared higher
in winter than in other seasons, regardless of application levels. NO3—N content in
soil leaching water increased with increasing levels of liquid swine manure;
however, it was lower in N 100 %, N 200 % liquid manure compared with that on
pasture applied with chemical fertilizer. Sodium adsorption ratio was insignificant
in all the treatments.

These findings indicate that most liquid swine manure produced on local pig

farms containing low levels of dry matter and other nutrients suggesting a low



efficiency of its use as a fertilizer. Rye is recommended for forage production in
winter by wusing liquid swine manure as a fertilizer, compared with Italian
ryegrass or oat. Application of too much liquid swine manure(e.g. N 400 %) may
bring about NO3;-N contamination in leaching water. To use liquid swine manure
as a fertilizer, pig farms should limit the use of cleaning water from pig farms
and increase DM content of liquid swine manure. However, this method should be

used with caution not to create environmental problems.
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= % NHoN #H7bel 7Hd =2 4adAEs zZe WRe= Van  Kessel?t
Reeves(2000)¢]  Quantofix-N-Volumeter, <& 4 EFEAH (2, 2003; 1 %,
2001; A3 A, 200007 £#8]e] AVHWEETF F4 o] we vig =2 AdI
7} A& Sommeret Husted (1995)% #A|A|3FS . Stevens & (1995)2 A7 E®
£ o] &dte] Y =dEdge] HEAES 7Yyl A dTelAN 4 s B
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SHH AFA e Pite] dudl digh AESALAQFH(BOD), FHEA
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il Qe o= 31(2001)7F ErESUh g R HHIF B Akl
s g3 @k A ol 3 HAuk(Barhart, 2002; Studdy S, 1995;
Wightman, 1999; % %, 1991; # %, 2003; F<F ok, 1998; A &, 1998; &, 1994;
A3 A, 1989). Miklend 5(2002)& 7} o] F4AS
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3 Z7bol wel 4,006 kg/ha ol A 8,037 kg/ha (%
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1. 7I5E2 HZ

EQfel FHu] Aye= w2 4o s AFEHS EolA Hal(Klausner 5, 1994
Koelsch, 19%6) E¥e] HISEe & i8S 7MA EY AEZFY 7MEE, 754459
BEAS £/ 3=(Fulhage, 2000; Fulhage®t Pfost, 2001) WHH 5740 AuA]&9 &
A Huistetal SAEAE HAast 71918 HelrF Hojof drh(Al-Kaisi 5, 1999).

wwdnl = oty E9d dHE AdE dHr oy dadE e dHng
, Ca, Na, EC % DM¢] o] =t 18y #t} A& A BOD H

P ES
Cu 59 &d=d dFdol vis wof B R w20 FdFE 2T 7tsAel =

A

dHH 5, 2003; Zublena 5, 1997).

HlEe] 32491 N, P, Kell digte], 752 & P= 3tH 8] 80 ~90% 4=
o] §84S Za A, K2 ALl 100 %2 &4 & YEld. Swine lagoon &%
o) T-N& Eol A3 FY Al 0%, EFEH FEA 60% olste o] &4 2t
H(Lory, 1999). @efol] wetAd e e =d&des AFFHEY P, Ca, Mg %
u g ko] A ol K, NO3-N9 NH,-N+= wokth(Fernanda 5, 1998).

T M= S G # AFVE 2@ o] FrbAM HEE @ol o83

:

rir

by

(Delgado &, 2002). QJAFS REF7159] dn|HTE 7 2 =FFHH| A o =i
NF 50 %+ ammonium3B el 2 &A1 UHAl:= F7|dg =2 A D) (Bailey 9+
Buckley, 2001). AE&4d+= T-N, P:0s9F KO Z+ZF 5400 4,100 2 4,100 mg/ kg ©]
AE whE A} EyEde 247 3100, 2200 2 1,700 mg/L7t $HrElo] 2l
(Zublena &, 1997). & E P = A7t 133 Ao 2h2F 50 %, A4k 5% < 95
% 2 Aol ol Eow Vel 1A 8% 9 B 15% 7F T A TH(Schmitt,
1999). =i HasdeY EveEA F AATEFS 727 1,500 ~ 7,600 mg/L ¢
2,500 ~ 3,500 mg/L ¢} P.Os& 2,000 ~ 5,000 mg/L 2 1,500 ~ 2,000 mg/L ]} 2.
K:0& 2,000 ~ 3,000 mg/L & i3t L thH(Fulhage &, 2002).

227 kgol HAiE 5o HA 01kg, JAF 005kg 3 Z7 0.08kg & A4itshH
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(Fulhage®} Pfost, 1993), :4+E H] 9} lagoon ¥ vl A T-N+= 247 09kg/m' 3
04kg/m', P05 15keg/m¥ 017ke/m 281 Zd 0.7kg/m¥} 0.3kg/m o] ATt
(Sutton &, 2002).
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Aol =RAv e AETHFS 242 0~2% 9 0~5% HAHNA ®vA &S+
A g oA A 47 3~8% 2 6~ 14% ATHAgnew 5, 2003). 18] i FiEHH]

of A x7o A=TE, T-N, R 2 2 742} 489%, 069 %, 033% % 04
%7F FrE o 3ME AG o= 22 1.3%, 044%, 008% B 043 % = A
Hdh 2 9] pHE 720014 80, 42442 77(BOD) & L2 ddF=E 2
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o g 23 % J4AE Eelgd A&l wel Js wekown g-EEHE] 480kg
N/ha>3teH]| 5+ 160 kg N/ha>=w< 28] 480kg N/ha oAtk Fol€l N 1kg &
AZAFS AH] 100 % N o4 8lkg, &&H|E T4 += 80kg ©] AAE Ao 1 9]
Aol HIgA|EFo = 41~6lkg o2 & 07 ZASIATHY 5, 2003).

Faagtre] F Az 4 ASFEFE s du Boh {9 %<l
F(d 5, 1995), =R HH] A]&A] Japanese millet & AEFHL du| Al &
o] RS2 =713 2, smooth bromegrass ZA oA %= H| L3 7o o},
sl get 4 o ARAIEF7E SEHH RS Bo dsAALEe] =gt
(Barhart, 2002; ¢t ©FF, 1998). FxFd1ers wigo] 493 Jot dEerdS
=98] 400 kg & 300 kg N/ha ©H-&7F 242F 17,817 kg/ha?t 17,279 kg/ha o =
H 55 o2 Al vls] 22 38 Bt 5, 2003). - d/dE 9} g)st

=
T-7v s s R EA YERSTHE F, 1995).

T FFHQ I Jel Ede FYsar =woH] 150 kg N/ha
of AxsE AAlst= HAAHAAR] nitrapyring H7F S ul dgAakEe AT
S7betAAIRE Hx AAEE Anint AJEPS wel Foakrt gl Tt (McCormic
S, 1984). B4 Auje] A& FHEAEAA Fae] S AEFEFE 38

7 145 E/haz 7Fg =kom, dH] 100 %7 SSHHlE 9 96% AAE S B
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iy
ATHA 5, 1999). 95 Wold S55el 4B L FALRFEFFHTDNE 44 2

ety WE xR ASAAEFS FaH s 7F 16,291 kg/ha 219 B &) 9HH] 100
%7 (3} 8] 71%)E 15,632 kg/ha, A4H] 150 %7+ 16,320 kg/ha=® A &
Hell o atE A tHa 5, 2003). e =EEEey gnanng &y
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2 =g 540 M= Aeolg BAY. ada et deAEs A
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o]l EREee wut wol 71¥ Hgel glof o 2 Aol s, mE wEy
e WEEARE $Rsee g A Bxg%el fAZ oA 5 ArWightman,

1999). ext=Eks GaEA o] AZF 120kg N/ha o] A& FAA7EE &
g AlE Al iG] mE AEAMNEES AT Mg we} ke, oY
29 3z GRS AlEsIAS ol oS5 Fslskdvi(Fe A, 1997).
oat=etre) stolESRH EnEZ Ao seHl EF (200 kg N/ha), shetHl =
1/2 + 4] 1/2, "] A=k 1/2, Hn] A= Hu A 20 2 HujALF 472 A
gate] AAYPS A AEFHS g 28977} 9,688kg/ha = 7 =okal ] 4 H)
2 ogstHlE =77 44 9352kg/ha 2 8501 kg/ha o2 Folak= glloy F
HIAl G 2ol = A4 #9237 AT (p<0.0D)(H 5, 2003). €249 Hx A
2 IHl &= A& w7t Fr71du s AlE A By EdFeit vd

B AT o3 A5 HB[A§ Al 8492kg/ha &= 156U Fo AH|Al &
8978 kg/ha Xt} 3% #ta® v Fr]AH|E A8 9937kg/hal Bl 8 ~10% A
FHATHAE 5, 1991). Hybrid bermudagrass®} annual ryegrass®] &3} o] HF
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a oA S7E Holoy WEAY el FoA7E T (Liu S, 1997). R
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S, AR E P9 KAE 2 FH4 o2 Sth(Feo oFF, 1998). 18]
Lorain ¥ Buckley( 2001)%= =407} gu] R oA B F/7L AR 2SS9

TAbell Aol S7HHARAL, Pyt Ko wk woktha slvh =3 4 S(2003)

) &7 A} e (p<0.01), EH 4uj77F 7HE =ob 185 ~ 264 = =4 UE(R 5,

2003) grass tetany 9 FF<l 225 23 E A% AATar(Fink, 1989) 3FA

2 52000 % ETtR A oA FHLER A& o] ol AuTelA vt = uE

Sk gk owbd s Al 5(1998)2 dAE Ade HolA &ttt sdlvh =Ese Yy
|

ol T7tll& A Abx W Fe, Mn % Zn¢] &&Fo] 23] T7HHJaL Cus 9

O

S XA gkktH(Fernanda &, 1998).

4. JIEERS EYEE

Brabdjes %5 (1996)# Fulhage(2000)%= Evlol:= 3t) F2 A EJFHUS N, P
= B8 oY 7HH 24 vFYa9l Ca, S, Zn, B, Cu, Mg, @ Mng &3t
A7t B AES, ESTS 2 F2 BisdSdol 79gdga st 4§
(1955)2 E< pHeF T-Nt 5 AhAH|FEo A A8 5t7h 348he| 2o o]
& =7 ek om oin] 250 kg/ha ol A pH 6.2, T-N 0.198 % & EGFEEA 2 7|
Mol o7t ¥kl P deulE oA =4 YElgen, Ca, Mg, 2 K &2 o
HIAl G2 shetul 2t Kot ol du|A] o] Eeke] o]gshy Awus FASAUY
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Auf EFEs HHIAESTE A A B dton, fr1E g e g2 Al
YA B SGA T =A dERART A8 Sk o
oA = A T, 1998 4l T, 1999). A

SA7] W Alg e Sobell o7 dF2 flden, EY N=
A AgFe] Sk mE dF2 ARG T, 1998 § 5, 1999). 1Pl Al 5
(2003) = pH ¢ T-N &2 stehnja+ok AnAI&73F F38 Aol 7h gllon
K, Ca, Mg 52 BAI&77F 7 depstta skl

sredde F92 pH Wske] dle] =1, Sulphate-S= AH|AEF F7hol

glo] F=do wet vE 3 BAZ B HDolany Bolger, 1997).

it sogE JHor dxste A9 RE Cust vE 55 TEel
=715 A tH(L herroux®}t Martinez, 1998). =1 Al & EFo] s}stA L 3y
S AuAE R Aol AL, TEETE
LATH7IE ol AT A &, 2003). EE AEiE AMESE AMAGE =EEdYE

F7k Ag% An T Ege 43l Cu Zn Fe % Mn §Fol Bobxlow, HE

flo
E%
N
)
-
N
ui
Er
ti
32
o
i
i
o2

A= AR A A ZE % tHBrandjes 5, 1996; Fernanda %, 1998).

ZAEG EEelg AEFS 9 sls W EFO0~10ecmT K % P &
A oA dRen T, £88 96kg N/ha, 240 kg N/ha 2 480 kg N/ha A]-8-A
K2 ZZy 36, 52, 92 ¥ 246mg/dry-soil 100g, P& Z}Z- 01, 52, 181 % 347
mg/dry-soil 100 g ©] & g oy T-N 2 Fx71 gl tHKandeler 5, 1994).

ANH| A] g A] &2 3} (denitrification)o] 2l&] HA = wodk 4ao] dqom oH| A
§Fo] BeTE A FHA= =4t EYS NOs-N & dAaA &2 57t
of Hl#sto] FrFg o 2AEstols Fo4 Ade]l Y EYET NH-NFFL2
HHAIE7IZE &t SR A e o] B2 ol 7S B3itHLowrance s,

1998). =E<E#ele] NHy-N & wjio] Ed-Zggoa Aasizh dojub,

NH,-N #Z42= NOs-N &2 A= 17 ot =&Y AlE8E EdddA
NOs-N 42 A& 3 3¢ ¢ FAHA=Y o As F71249 HEsket
NOs-N =7} vk7] wjiEol™, NHy-N 2 F7]13817F Azts WA 29 U] NOs-N &

_10_



S7Fe B At Bernal?} Roig, 1993). HHIAE A EYT2E NO;-N &2 g3l

H, et Z& A EGEAS NO3-NE EGo=ziy ¢ @y 9474
AgES} e Hry 2% EGF RS duyd f2EHH(Powell?}t Gaines, 1994).
Eg AYES e mAzAE Zha e ES B2 49 duE A& ¥ A=
o) 4] 7
(Stevens®} Cornforth, 1974; Sutton 5, 2002). A2 U E] Ha-io] A& F7]2
Aot QALY dRYokd AR M| witel] Al&x7] 2532 pH7F S

~
2 e e EFEW ¥S GRBE U] Wolst f4E 45 o

(ot
v

I
ol
o

Ak 2y A¥] 232ml/kg A&
(Schmitt %, 1992). 28] AEEYFS coarsedt RHESGHT} FE B{5Ho o
b 2elv AR o] & EFe FEAGTY ol iR AFALS &F
I FA g8 Astg L Ao 29E 4 A Tyson Donald, 1995).
A dne] AFE AR AL = Al EY W nitrated] FFE HA3 ok
3t ZHEo] Algd AR ArE k14 ~ 20 %7F 3 FE A THZebarth 5, 1996). S5

=
K3
FEg) N3, ERA % g Ag A ERYE F Avde Aguael me ¥

fm
02
2
R
rlr
N
N
o
2,
k1
_‘;ﬁ,{
=
off
k1
i
lad
32
SR X

g3 AEAE HEhA @ster, S0em Bl = A AT BF Aldx7]el Hlske
710l Artds=rE ol (ol ek d, 2004). Hdse o] A8l BE & F EY T

absh Aagko] FuHAAl FhE o AbstE A4 i FES nitrate®] FElE Utk

E% U NO3-N9o F5F2 ryegrass Ao HT} reed canarygrass Aol A o w8

w, olgg Fae E8E] AlE ol B2 AHlelA =UdtHStuddy &, 199).
W] AE Fol BE F F EY Ul NO3-N, FEQILE A8 K 2 N

of SR ET %L Cadt Mg AHlel EAgt= Na, K % NHy ¢ 22

dA ol 2ol el A&HY AR EFZo] stFols HAT LY ofd A B

of =i FAlel wet NOs-N, P, K % Mg 9] &%2o] F7Flal, NOs-N =& A4H|
B}l st E ol o EathHLorain® Buckley, 2001). E%&¥ NO; &S 0 ~

20cm oM = ExAEFE vldEste] Srkeklal 1 FFE Hvt 289 mg/L o 23t

FA 40 ~ 60 cm M= A8 Feo] ol BARle] 75 ~ 83mg/L 2 vl sEskt)
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(F 5, 1999). 82 N9 & N9 Ao me} exraes 24EY¢ 5 NOy-N
FF NTHY AL5E b Fode goled AdHer oF, 7He 92 AR ¢
o2 F7HE Helew, Aol 349mg/L &2 7P wA UEhET( 5, 1993).
FE&FCEC)S Aol ol FEFe ol2olsel Ty, EF
of Frleagtgdt HEFFALE AT AAVE ol AVIRE SRENASE F

et o] Z7bo) wrel CEC7 27181 tHGao9t Chang, 1996)

7]

Jo

)

Aae 3ty @438 witoln] Aujo] = A Has GRYoMYE
A gL AAER = obH e} Ahe] IS HAs)
71908 A8 F Vs e R EY Fo JFHES AL 55 ok dth(Fulhaget
Pfost, 1993; Lowrance &, 1998). Ao -E&d8E A4S A NH,-N9| 31~ 84
% 7k FabEla, Algol b Selele) pH 508%2 At stel ] AZAE 30 ~ 40%
T 24P 2AaH AN (Pain 5, 1990). AaEmduE A4" T-NS 10~70%
7 g Holon FREGANA o E=A dojuti(Lowrance 5, 1998). HulE F
A glo] AEAIE st A9E dRYol 34k wjite] 7HEAAAY Wdid &4
o] dojubm RE Al F 24 A|7F oo AW TH(Pfoste} Fulhage, 2001). 17
A NHNE AlS9Y, B 2 713249 upel NHy $j2e = 0~ 80 % 7kA] &4
Hoh(Pfost 5, 2001). A& Hol &S Ao 27} 278 kg N/ha ¥} 262 kg N/ha
A& Al NH; 3J4te] ol 24% T-N9o 4& ALy Ho| ztzt 77kg N/ha 2 53
kg N/ha 16l H]3] EFF ol 3|4k 2kg N/ha 7hA] E Tt X0l A <]
A 37 &S EGTAH Abgte ofgk A& wel AAavbse] AHS foH o
2 98-S Wkt (Thompson 5, 1986).

crededEs g A7l dxsA HW e § NH-N = 543 2Aksty]

u
g
N
ofi
o
u
[
it
i)
+
32,
tt au)
111

g

lo
(ol
Z
F

bl AlgE Edlgv= Fotal A7k 2HdA =g dAksE Algetel NOs-N
=3

o &AL mx gEvHRochette 5, 2004). 38tu|s @ E=RAH £
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g FExFdatts AFEAA EFEY F NO-N &2 Ad271(AE § 209)
Al 6 EAA A A FelM FEFFAIEL 10mg/L Bk wgton, Fulrt A
T 89 A Al A A TellA Smg/L olst® YERS TR 5, 2003). NOs-N <}
pPeol geage =R, FWda =8 % ssHls BF A&FE vEste St
dlom NO;-N= 94 Agdz7] JF5a597d 2 23S vepd v P %
T Al whh AEAHoR =& AFS BAom, NO;-N9 P o Hu gade 747
50mg/L 7 026 mg/L oIATHS &, 2002). £ EqdzA oA 7h5Exe] A FH
U AggFel e NOsN 9§38 A714ow 849 dhadr 94 2god 714 %
ko™ N A& 400kg/ha 7HA] A2 Fholl Aol wl§- A3 NOs-NFgH2 5
mg/L & Z3aHA e Avh(H, 2003). = F3 H(2002)E AFLESE L QAAE
Fo mE 885 Fo NOyNFZFS 1 151mg/L &= vi$ Sk Al &5

gl = Aol 7k glgika wa shg)
FastzAd e Hu L FANEAFE 2ol EFFF NOyNFEES %7

WNE = 23S E v (Powell¥ Gaines, 1994). ¢35 -bermudagrass, 7FS-winter rye
2 H_gilage corn 9 FRAANA BAAABE 128 kg/haly, 282 kg/ha/y, 403 kg/ha/y
9 538kg/ha/y & AXPS w F9 2719 Al&FollA 100cm EFz ol EGFFo
NOs;-N7} E7F= 1o 1.5m Aol #FH A Ath(Newton &, 1995). & 713t

FEmrt AlEHAL e 5d FMFel AAF L] AW AEFEETFT
NO;-N sE& A5 AF ol& Bilom, Ful5 85mg/L Adl Hla] e <fujA|
|7 (240 kg N/ha)ol = 2531 mg/L=E 3= Skvh(+29F Jacob, 1995).

Asest BFF 09 et B9l Be AGelA wed, ¥ 4ES A 7
=
T

Be Aget A9e AR 4B ASIGE Ao 5
=3
P

EHIAE Al v 52bE (winter rye)e AR A WAl Wl N §2o] 3s] g

HAg A Beckwith 5, 1998). T3 =4 60cm ZoldA AFHI AFFF
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A2(T-N), #7]=(0M),

&

(SS), A7NHA==(EQC),

ATt

v 2 2 (Fe, Mn, Zn, Cw® 3|

=i
=

Mg, Na)

z]t

=
]

lel Table 13 #o] 47 =1

J|

VFo w2

[e)
FE&

ol

AE

Bl

R

3% mRE DM 1, 3~6%; DM 2, 6 ~9%; DM 3, 9% °©]’; DM 4) o=

B AA F7F 5 DM 3%V Rke]l 92 &2 78 %ol | H
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Table 1. Classification of liquid swine manure on the basis of DM content

Level  Farm No. Mean(%) SE (Y Min.(%)  Max.(%)
Total 118 2.07 0.20 103.4 0.13 11.89
DM 1 92 1.15 0.07 55.6 0.13 0.96
DM 2 18 3.99 0.17 179 3.10 543
DM 3 5 7.03 0.27 8.6 6.14 7.82
DM 4 3 10.62 0.64 104 9.84 11.89

* DM 1:lessthan 3% DM, DM 2:3 ~6% DM, DM 3:6 ~99% DM, DM 5 more than 9 %6 DM

* SE : standard error CV : coefficients of variation

(B35, 200002 EA392, DMIY OMLS E o3}
EC, &4 Fo]>(Ca, Mg, K, Na) ¥ "= 5 (Fe, Mn, Cu, Zn)E 715 A4E w54

H(E317, 2002)00 whep 24 = A

-

Thermo Orion, USA)Z A ¥ o D

sto A4S ARFHS AT & FAHAY SS+ KA AdAYeR o &

gsle] A - Fo] EAXE AMEHJT. T-Ne= &7lgA4 3458 91 19=
0

7] @ & E3F=A( Agilent 8453, Hewlett Packard, USA)&E 22

o3}
©)

o TEE AMHAL T-P= AR AGdEFS Y3 AAS7IET § of=maEy
AF 3o w Ay & BAgEAZ 880nm oA SAHste] AAE QT 23
NH4-N € Indophenol- blue®

5
=
mL &£FZg 2T Y& & HEF dHEdgdolELd 10mL ¢ YERZZAUESR
5mL

o

o] &3lo] =RIANE A3 o=z AT

89 ImL & Yol 283 e F AoldaIEFE



= S Y = FAE e EC meter(CM-21 P, Japan)E ©]
/3t 25 C oA =AFUT. OM & Walkey-Black S o] 83l dAZ] ANgs

250mL AHZFZetsao] ¥al IN KoCr:07 10mL & 9ol & Holes 3 tF &3

AHE A A8 Fol (K, Ca, Mg Na) % " &4 (Fe, Mn, Zn, Cu)= AFAI= 10

mL E 474 Zetx3e] Wi FAa 20mL & YWl 3% WX ¥ hot plateoll A 23, 9

743k T} ternary solution(Z4F 10 @ 34k 1 0 A9 A% 4) 20mL & 7hele] ¢33
i 7)o AL FTHFE AFHSY 50mL o &% FehaAd AL o

AAEFF=A(GBC 908, GBC, Australia)® =7 ¥ it}

ERAH 9 HEARITES Descriptive statistixoll oste] Hi, Ao, H&2 2

CV 52 T3l & el &ddA= 78 A th(Statistix, 1996).

2. AEFEO & =T YHA L] €F AERFEY YA, AEHE 2 ESS
Ao "= dFAE2)

jf_l,
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Fig. 1. Monthly mean air temperature during the experimental period
and over the previous 30 years in Jeju.
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Fig. 2. Monthly accumulated precipitation during the experimental period

and over the previous 30 years in Jeju.
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= Ao o] &¥ A EAES olggetetol et (Lolium multiflorum Lam.), <
W (Secale cereale L.) 2 A9 (Avena sativa L.)& 3F3te] =31t Ao o] &
H AFx] EGzAL Table 29 #om I 542 EFA=(H)7F 489 A4S

W o Edad gk Eekeldth

Table 2. Soil characteristics of experimental plots before trial

bH TKN OM ?\81 Exchangeable Cation(cmol'/kg) CEC
. 205 K
(1:5) (%) (%) (mg/kg) Ca K Mg Na (cmol /kg)
4.8 0.48 10.3 80.9 0.48 0.35 0.22 0.05 12.6

* TKN : Total Kjeldahl Nitrogen, OM : Organic Matter, Ava. P2Os : Available P:O5
CEC : Cation Exchange Capacity

o DM B = AF%= AFAS srkelA 2 1~ 25452 dujS AHgsiath 1

Table 3. Chemical composition of swine liquid manure applied.

Moisture DM T-N oM T-P Ca K Mg Na

% mg/L ————-
DM A 792 97.3 2.7 0.53 348 0.040 360 1,870 70 390

Items pH

DM B 774 941 5.9 0.66 1056 0117 2930 1,690 950 570

¢
o
4
HN
2,
=
il
i
M
12
I
M
1%
iy,

7 DM, T-N, pH, OM % T-P & F8 &9
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2pol 7 Heldth. DM A ¢ DM B T-N2 Z+7F 053 % ¢ 0.66 %, OM 2 3.48 %
o} 1056 % 1L T-P & 242 0.04% ¢+ 0.117% = DM 59 % =&4u]7} DM 2.7
% w=EAulo] Bls) T-N, OM % T-P7} 12 ~ 384X =9tk DM 59% =& 0
°] Ca¥} MgH®% DM 27% =&Hu wr} 7
o] ¢%¥ DM 2.7% ¢ =& Ane] DM S5 $elval FRA e ER o Adnkz
Ql AEFFolg= Al 5(1996)9] Rl HjSz3h T

R = olntt 2wl E Egkth 2Elal (2004 FFA(2002) = H] 9
AN AFe] we K-S A9 DM, T-P, OM & tiiie] Aol vropdtia
ste] DM AE DM Bell wlal] #37]7ke] A el w2 ofu 2

Zyzh 84v) R 14¥h7F = okvh AlEel

3) Al A ek AR

2 AP =72 FAE 3H g (e]gEetetel 2t &, JdWHE Flal AT E
H 53748 442 (872710, 3ten s 324 74T1, DM 2.7 % =&98] 100 %(3}
st g FFEANE A 47]$)=DM A:T2 2 DM 59% =E941] 100 %=DM B:T3)%

7o a9tk ¥rETY WAL 2mx4m=8m’gon, FEe AmE 20039 10
Al1goel AA AT GF3 sAed getum 9 =EAN7E AL EAL FH]= 2
284l FaHELh gEgusgE Aa QA 2 A iEHS AMEIAL(NPK
= 150 kg 150 kg: 150 kg/ha), Q14H2 A= 7|02 %
Hlep Ful & RAste] AluEQAch e o uj A E S
112kg, K 532kg/ha)® DM B 19 m/ha(N 150 kg, P 27.6 kg, K 39.1 kg/ha)o] A]& |
Aom FHE 2EY Bx 457 29 2890 AAHAH

AEH AL 20ecmx30cm o 4 ES o]&3ste] 7t plot ¥ 3/MAA
FE el A=A MFE Ao B & S m FoE ALEA
2o AETES 7 ATl 05m=x05m e HolZ 271448 oFHsor, dFHE Al
5 % 9% 300gS FHAste] AR &3 F AEste] FAE 5743k 80 T dry oven

=Lkl ARk AT

M A 23 m'/ha(N 150 kg, P

X
N
(0e]
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EEA

Fol 20 mesh

S

7y B A QA AxARE Willy Mill2 &4
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EEA
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bl ot
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=
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Fig. 3. Monthly mean air temperature during the experimental period and

over the previous 30 years in Jeju.
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Fig. 4. Monthly accumulated precipitation during the experimental period

and over the previous 30 years in Jeju.
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2 A go| olggleteto] zet A (Lolium multiflorium Lam.)S AF&3l3 oW, o] &
H A A EYY 5AE Table 4 ¢ #2o] fFaIARE] 1221 mg/kg &2 H%S

™, pH 49 9] A& W FdadA ks Eofolgtt

Table 4. Soil characteristics of experimental plots before trial

Dl TKN OM ?Xg Exchangeable Cation(cmol'/kg) CEC

; 205 A
(1:5) (%) (%) (mg/kg)  Ca K Mg Na (cmol /kg)
49 0.15 3.32 122.1 6.53 4.46 3.70 0.53 20.02

* TKN : Total Kjeldahl Nitrogen, OM : Organic Matter, Ava. P-Os : Available PO
CEC : Cation Exchange Capacity

4<% Table 50 Yepd wRel Zott) 3 2 qu]e] DM F&2 F-2uvet SHAY
oA o] &= dule] Ht DM 29 %41(1999) B b= tha vkt

Table 5. Chemical composition of applied swine liquid manure

Moisture DM T-N oM T-P Ca K Mg Na

% mg/L

pH

7.94 97.6 24 0.56 324 0025 1,600 2,500 700 600

e
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FAHTH(TD), =98] 100 %(3hetvl s EFAH = AA7]E T2), =394 200
%(T3) % =28 400 %(T4) = 532 3y 40tRom AA s a3 o

AL 2mx3m=6m’Aor, dFe& vz 20029 10211d] A=A st =
of Aujggelut AHE e Alg 29 o] Fdslon, sshuls B uAH = 7]

Hl= 35 A1(10€ 11, FHl= 9d 3¢ 30¢% B 2 EYHNFT5E NHiN
% NO;-N ¢ ¥3tE SA87] Aste]l 1 zeF F6GE 4D xS s
S AFTH Imx26m e WAAA BxE dAGGAOH Vet BxAIRHT YHS

Alg 29k 2okt

Eggar A4S 95t soil sampler® 60cm Zo|7bA] FHow S I
% porous ceramic cup(#7d 2cm, 4o] 75cm)o] & PVC tubeE E% 30cm 9
60cm zlolol Ardstal B JE5S SAESHA 8] flete] Wl Fbel] mAER x|
9l ¥tk Ceramic cup tube2HH HFEFE A B 49 A% hand
vacuum pumpi® 70 ~ 80kpa ©] =S AojA FFF7F tubed] ROlA § § 24 A
2+ Yol vacuumS o439 B A RE AHsgY. AHE A8 ofo]sulae W
of mtx HAFHE KA WHRAFHEA EHARE o] &stATh
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A 29 BRI sdeion, SAR(MEFFHA])S
Na, Ca ¥ Mg @<= °l&3te] Ax

Z,
o= ]
A

O

R = (Na)/((Ca+Mg)/2)"* = 3}

4) =4

0.45 ym filter(MFS-25, Advantec)® S A 7 oA ZvlE 1
-1000 % ICS-90, USA)= o]

3l NOs-N % <ol
K, Na)& E4=dc} 214

2 25 (Ca, Mg,
I SAR <& ESY 5Ussith

SAS(200D)E ©o]&ste] HFIHe

442 sk
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1. EEYHe] Y23 dE2F SH2AA(AEL)

1) H2YE4 Cies

SR MU E ZAFE AL o] &3t AT 7 ®ol 3 F 3 (Whightman, 1999; 3L

pud

, 2003 &5 Al 1999 & &, 2002) A=l v} ArbE = 4n] o] vl ol tigh

ol

Aolt}, Wl 2 Ar= AFEU = 1187 HAAFSE 7oA Aak

ERouo] vjg wEgRe BAF A3t Table 63} 2ol hehydel,

Table 6. The contents of DM, EC, NH4s-N, T-P, K, Ca, Mg and Na of liquid
swine manure

DM EC NH47N T=B K Ca Mg Na

Descriptive (%) (mS/cm)

Mean 2.07 28.5 2,010.7 4424 4163  1,081.5 2753 389.7
SE Mean  0.20 1.42 135.08  67.10 19.04 28384 105772 1654
C.V. 103.4 4.3 73.0 164.8 49.7 285.1 417.2 46.1
Min. 0.13 24 12.0 4.0 379 10.8 2.7 36.5

Max 11.89 1221 68300 53740 14920 16,768.0 12,236.0 891.7

* EC : Electrical Conductivity
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SuiAE vrtort 370 Al P&
2 2AAAEY 08y AW, A7 ERASEAATA2002)8] Ak frARgE
A3E B B4 ¢ $EE SAsed oY AVHEEE 285mS/cm 2
Stevens 5(1995)¢] ZARA et fFASFA ovk A1(1999) #F A 5(1995)¢] HIaL®H T
sttt 183 FadEe] Be dHE AgUld #AALEST HEoRE ol &7t
Hlag o AGENAN  #ALEFE A A ECE Hd 32mS/cm =
Patterson(2001)¢] ¥ 1R Tth= 10 8] A= k)

AP ZF AR CV go] AR Eokt ol21d 8912 &5 AUAA Bel
AHE 7] W (Cambell &, 1997)0] AL B kst S/ H7FAl ARE, ALR S F4F, A
Evody, dxAgdd 2 AZFE S (Kirchmann?} Witter, 1992;, Smithe}
Chambers, 1993; Van Horn &, 1994;, Westerman %, 1990; Wilkerson &, 1997)°l

o

o Aol mol: Aoz ARk mebd YiE o} vEYREe] FIS 4
3171 9lsl Wol Fol I giol vF U P AMBs 1 FE FANE 99

AT7F 2o Aoz AZE A

2) ZAE82FDM), MI|M==(EC) L 7(E} MEZF AR

AA 11878 F=57ke] = dnlel gk of 2] 7HA H 8483 daaA s 243
ZA3}= Table 79 e T

AETFL EC, NHs-N, T-P, Ca, MgZ Naoll disiAE 1k FAAAES B
o 1(p<0.01), EC %3 NH;-N, K % Na zrell= 1x=9 A4a3aA7F d 23 (p<0.01)
T-P 9} Ca ztlx Aol AATHP<0.05). o]#3t A3} Campbell 5(1997) 3
Stevens 5 (1995)°] =& &Fejglol A EC 9 <Fel7t DM 2 P zhell {24 o] ATt
= ZA¥st st g A o® 2 AlgelA EC Btk DMe] o# kA vlsAg
W GHAATE =& Aol wekA o] DM RS o] HIRAES (HHA

o2 FA3=H A8 F ASS EAY. WbA Brild}d Salomons (1990)& P o]

oft
e
b
2
=)
o

struvite®} 2 11 o] EAstE R ECS P 3Hl A#AA7 EAHA &=
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Table 7. Correlation coefficients among DM, EC, NH4-N,

Mg in liquid swine manure

T-P, K, Ca and

Items DM EC NH,;—N T-P K Ca Mg
EC 04735
NH,~N  0.4377#%  0.5953%x
T-P 06265+ 0.2182%  (.2429%x
K 01867+  0.3265%+  0.1771 0.2311x
Ca  0.3666+% 0.1817+  0.0869 043115 0.1747
Mg  0.4820%¢ 0.1293 0.0481 0.1651 -0.0861  0.4277xx
Na  04063%x 0.4306%% 03187+  0.2509%%  0.5351%% 0.2083*  0.1530
% p<0.05, ** p<0.01
3) AEITHFOM I A7 AEZEC)E F8H NHy-N, T-P 2 K g3 =4
AZ3 gy R B 848 NH,-N, T-P 2 K &= 7+ 3ALA22 Fig.

DM 2 NHy;-N ¢} T-Pzoli= a1%9]
gyl K AR 5% 24 37

oA 39134 7}

AR

© 1 (p<0.001) A=
AE YeEtdol DM 2 9]¢l N, P 31 K

FFs FASE ARE AHE7bssitta AlsEh

ERonH e HZAES NH&N, T-P 2 K 3ol tiste] 3
< Fig. 6 % #Zo] Yefiifdth EC ¢ NHy-N 2 K 7ol &=
2912 (p<0.001) EC ¢ T-P e 5% #9924 IFAAAES wd. EC <
NH,-N, T-P 2 K &= Fo4 37A#AS B ECE RgdeddFs &4

.

I

ot A2 AME7bSstthaL AR
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8,000 - A

7,000 e YV =29411x +1391.8
6,000 | * * R2 =0.1869 ***
5,000
4,000
3,000
2,000
1,000

NH4-N(mg/L)

6,000 B

5,000

4000 L y= 220.04x - 7.903
R? 20,3981 ***

3,000 |-
. 3

T-P(mg/L)

2,000

1,000

1600 - c
1400 -
1200 -
1,000 |-
800
600
400
200

y =34.65x +345.37
R2=0.1225*

K (mg/L)

0.0 2.0 4.0 6.0 8.0 10.0 120 140
DM (%)

Fig. 5. The linear regression between NH;~N and DM(A ), T-P and DM(B
), K and DM(C) in liquid swine manure ( * p<0.05, *** p<0.001 )
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8,000 A
7,000 |
6,000 |
5000 |
4,000 |
3,000
2,000
1,000

NH4-N(mg/L)

y =55.6x +410.64 ¢
. R2 =0.3661 ***

6,000 B
5000 |

4,000 +
y =10.279x + 149.71

3,000
* * R2=0.0476 *

T-P(mglL)

2,000 +

L 4
1000 | Soge’ o 8 0 o

1,600 - c
1,400 +
1,200 +
1,000 +

800

K (mglL)

600 - y = 6.2402x +238.61

R2=0.2178 ***

400 |-
200 | "”

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0
EC (m/cm)

Fig. 6. The linear regression between NH4~N and EC(A ), T-P and EC(B),
K and EC(C) in liquid swine manure ( * p<0.05, **x p<0.001
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4) NH,~N:P,K:P ¢} DM:P2] 2F=2H|21

=g o] NHi-N, K 2 DM 3} P3he] &S Hagk 23} Table 83 Zo] i

rift

HEAE F i #3837 #do] s =890 T NH,NPeF KPe oF#1)7}
46 52 Stevens 5 (1995)0] B gk gtwth 28] H=A e e o
Pl S v oz FAEn =3 DMP ¥ & 01 & Stevens 5(1995)2] H
g FLETH ofF urol FEHIME AT AREAY FE&E s AoE AIRHS
P 3 NH,-N % K7F vl &el tfgk CV gt ol Aiks7t 3 Alme Al do] v
UHS HoFE vk P
AL oz o] §A FEHFE wF7] HAdA = P BFARTF
gith T1elm OV gtol 1581 ~ 1898 2 Wo] o] 7 neARZ Frsk/ e N
dol "ol Zowm ARHAT webA HIREIE Eol7] AT ArGdE ol

L

Table 8. The ratios of NH4;~N:P, K:P, DM:P in liquid swine manure.

Descriptive NH4,-N : P K:P DM : P
Mean 174 4.6 0.1

SE Mean 3.04 0.67 0.01
C.V. 189.8 158.1 116.2
Min. 0.0 0.0 0.0
Max 323.4 53.6 1.1

5) =N LUL2T(BD) 4 RIIEEH

A=
B4

ok

A= Table 9o YeEFATH
B 213 (2002) Hare] o s

i

=xolule] BOD 9 712
=899 pH &= 6.89 ~ 951 & v}t

il

Ay
-

i



OM(%)
6.08
1.03

0.0
52.90

184.65

pH72 A9 487} 3

384

1

3,393
2194
61.2
10,545

7]l

Agg:

ar
=

SS
14,804
1,829.8

134.3

46

101,400
SS ; Suspended Solids

Hof ey

BT

=

=3

14,682
1,492.5
110.4
31
89,979

BOD

=

=

pH
8.26
0.06
8.5
6.89
9.51

A7g713kel we} pH W s}
manure

MY Fol= pH83 o2& W3}

C.V.

Min.
Max

Table 9. The contents of BOD, SS, T-N and OM of liquid swine
Mean

SE Mean

* BOD : Biological Oxygen Demand,

Descriptive

Els

of o

#r71&3 #-¥E BOD ¢ T-N &

==
>

I

14,682 ¥} 3,893 mg/L &2 F1(2004)7} 5317 (2002)¢] =

An

R

=
L

i

=l

7_'1- 7_11-

&

9] 6.1 ~87HE

6.08%%5 st glslerm, A 52.9% 744 g
6) DlgFdx

il
X

o

&

olE 1

Table 107 zFo] yrebwitt.

pitd
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& AEA dew ste ARor =R Fo Fedt Mn 9 Fos=s 27 19.06
7} 666 mg/L ]tk CusEie At 106mg/L °] gF¥a Aot FatEn g5+4
(F&2%3, 19994 HF 3 EXx7F 500 mg/kg Bt ko HdsEs 1397 mg/L
o]ttt Zn %= Hu 2152mg/L o2 EY A7+ 300 mg/kg Hrthe siokom 3
T T 551 mg/L olAtt o] mFdh F Fedt Mn 2 AR Gol ¥lus @ol
EAstE AR ¥ Cu ot Zn S F2 FAdA FidHe= EHEE srbeid AE S
2ol & Hole A HAe 2EHE B AFHASE ) AARFHVIAR AMEHE
nulEAlFel A7 Cut Znel Fwol 9% AY 7heAel Ak AMlA F

© YRu HjEFo] Bol nAE] o3 S7 EEUF A AEo] =l EAEA 2

o= DM @l meh 4¥gol 93d Aoz ARd

Table 10. The micro element contents for liquid swine manure.

Fe Mn /n Cu
Descriptive
******************** mg/lL ———
Mean 19.06 6.66 20.90 13.97
SE Mean 3.46 1.04 2.86 1.74

C.V. 197.3 169.7 1485 135.3

Min. 0.58 0.00 0.27 0.00

Max 272.67 67.28 215.12 105.48

Pond®} Maner(1984)% =&44] U] Cug o] &2 A2 AFEHS fs] 7+
Cu9 % wiEolg}t 32 Campbell 5(1997)% HH| Fo| Cudt®o] =4 FF
aatATt wEkA AnE FAA A T Al MEFLL] EYG F F4 4

H
 2ALATE WAE ook & o AW
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Table 11. The contents of DM, EC, NH4—N, T-P, K, Ca, Mg and Na as
affected by DM levels in liquid swine manure

NH,-N T-P K Ca Mg Na

Ttems 1(% (mISE/(S:m) ________________ Ty, D —
DM 1(N=92)

Mean 115 25.3 1,704.0 2244 388.6 593.9 127.0 359.9

SE Mean  0.07 1.54 126.08  36.04 20.04  231.06  29.18 18.09

C.V. 55.6 58.6 71.0 154.0 495 373.2 220.3 48.2

Min. 0.13 2.4 12.0 4.0 485 10.8 2.7 36.5

Max 2.91 1221 68300 27040 1,492.0 16,7680 2,136.7 891.7
DM 2(N=18)

Mean 3.99 37.9 28314 28314 5714 25837  350.0 4755

SE Mean  0.17 3.30 364.47 36447 5191 1,1076  70.11 40.89

C.V. 179 36.9 54.6 54.6 38.5 1815 85.0 36.5

Min. 3.10 5.3 870.0 870.0 203.4 99.7 29.6 1759

Max. 5.43 675 67160, 53740 9865 . 138120 1,0095 8425
DM 3(N=b5)

Mean 7.03 45.1 47456 1,010.6 4180 538.4 332.0 522.2

SE Mean 0.27 3.01 99355 11315 8657  244.14 141.04 76.80

C.V. 5.6 149 46.8 25.0 46.3 101.4 95.0 32.9

Min. 6.14 40.0 1,589.0 6870 223.2 208.3 274 300.2

Max. 7.82 56.6 6,760.0 12780 7348 1506.0  760.7 725.0
DM 4(N=3)

Mean 10.62 40.7 1,922.7 19227 3326 78992 42784 5688

SE Mean  0.64 4.80 209.18 209.18 15511 3,765.3 3,980.3  42.30

C.V. 104 20.4 18.8 188 80.8 82.6 161.1 129

Min. 9.84 31.6 1,552.0 1,552.0 37.9 467.2 108.1 484.3

Max. 11.89 479 2,2716.0 37770 5638 12,667.0 12,236.0 614.0

* DM 1:less than 3 % DM, DM 2:3 ~6% DM, DM 3:6 ~ 9% DM, DM 4: more than 9%
DM

* EC : Electrical Conductivity
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EEAdUIAIS0| E3 AIZH=9 YiY, M=REE H EY

Sdol olxl= G (AI=2)

1) Y&E
AEFTo] O =898 2 gshugAgd e €5 Aa52Ed 43S =
ALeE A3E Fig. 79 YEUTh AR ZEE AREL W0 96%E 7 =9gon,

Aw) 9 owrelokee] Tekavt 217 809} TA%EA 2EI) B FolA gl

Hp<0.01).
OIRG EMRye OOat
100 97 95 7 %
88 89
85 -
- 7
80 y 5
64
NA 1T
60 I
X
40 r
20 r
O —
T0 T1 T2 T3

Fig. 7. Establishment rate of Italian ryegrass, rye and oat on pasture
applied with no fertilizer(T0), chemical fertilizer(T1) and DM
2.7% (T2) and DM 5.9% liquid swine manure(T3)
* forage p<0.01, fertilizer p<0.05

AR FAAS L AE olgeeietol ekt B 2Fl vla) AAEo] Wk

o
i
oy
-
o
rlo
o
Y
XK
(@)}
8
=
ftl

ool HE/1 1099 /e Bdvlest m%ag

Fdel 789mm vk 1/27 % vtol ol nle] tha dxsto] Hxo) Ao =5

_38_



=

282 = Qllom Tk Alnjof] o]t ds| So] E} FEol Hls] EsHAl #EEHAA
Aoz Atmdy agla e st =] A Ikl DM 2.7 % =3E9H|(T2)77F
o Al ARG

o
2
z
il
.%
=
to
-
=
o
Nej
X
rift
e
2
=
@
-
T
v
ity
?.SZ
uf
o
i)
e
i)
K
il
=
K

FN
o,
A
rlo
2
B
rlr
Y
N
i
%5
e
&
o
fol
K
fr
Bj
B
o
o,
21_11
2
o
oo
o
M\
r]I.
e
e
T
)
il
T

AsFol the ERu L s gol ue ojgectetel ek, FU 2
ha 3 AEALEFS Fig. 8-1, Fig. 8-2 % Fig. 83| YEtt
239 ARAEe Wi ABALFL 90| 7306kgha = /P B olE

QFefol ek~ 3379kg/ha 3 A 1897kg/ha &= ZF P k=9 Fox7t AAn
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7306

7000
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3000
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IRG Rye Oat

Fig. 8-1. Mean dry matter(DM) vyield of Italian ryegrass, rye and oat
applied with no fertilizer, chemical fertilizer and liquid swine
manure applied.

* p<0.01
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st s Bl =2 Al dE8AES Fig. 8-20] debdl vp of Fom A7

Wt AEAES T37F 6915kg/hal @ B Agrth /Mg =& AikEs Bnle
H(p<0.01), T1 & T2 Bt} 15% =koy T3 Hibs 68 %A% ko A7 3ho

T fFoatE BATHpP<0.05).

8,000

6,915
7,000 +

6,000 |-

5000 - 4,111

4,000 | 3,983

Yields(kg/ha)

3,000 2167

2,000

1,000 +

TO T T2 T3

Fig. 8-2. Dry matter(DM) yield of forages on the pasture applied with
no fertilizer(T0), chemical fertilizer(T1) and DM 2.7 %(T2) and
DM 5.9 % liquid swine manure(T3)
* p<0.01

Fig. 8-32 3| 3 =290 A& Al 2534 A&
€ A F T3FA EE ARAE] Aol M =odth 238 AEANES
B sdo e v ZEFE AN T37F 10356 kg/hao & TO, T1 2 T20] H]a)
Zkzy 1.3u, 1480 2 328 =A AAkE o] A Fhel| Tl Aol vk ol
glol 1} xol A= DM 59 % =EHH| 77} 7,391 kg/ha® E} 2] glo] Hl&) 264 ~ 45
v @okal AW DM 2.7% = dulelA] 3098kg/hao® EF A ws| 1.8 ~
B2 A g o] =tk (p<0.01). o9 o] T2 Rt} T3 oA Hxeo iAol =

o Qe Agel olg® quizt wmgwe ¥y WEow FAUD = 2F
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AAgel Apols AlmatEo]l Azt § FAFE E/nAE L el HAEdeH, Bx
FaEo] gxele] Aol Fo Ae sdo] ojgwetEtel el Awu 73]
ol fEE7L 5o weh Aol mdd Ao Wtk a8a A st 3heh]
T Agol e XA nAE 9 Ay 7t o 7o) gLl A 5(19%)
& olgrE|etetol gt e] AEAAEFS Adu7E SHEH R Brh Eokvhal skl o] 9
(200 % et Bt R Al A AMd A E S AEEo] okttt ahd
B Yy AR 4eS Btk vbd 21(1999) Fukg 39 HEFES duA AR
t} & S A EA7F E9kthal 3l Barhart(2002), 79F oFF(1998) % 3t&hn| &7t o
HIA]T- Hrh Erhal ate] & Aol Aolatalt

12000 -
10,356

10000 |-
8,250

ORG mRye [0at

8000

6000

DM(kg/ha)

4000 ,098

2000

T0 T1 T2 T3
Treatment

Fig. 8-3. Dry matter(DM) yield of Italian ryegrass, rye and oat by no
fertilizer(TOQ), chemical fertilizer(T1) and DM 2.7 % (T2)
and DM 5.9 % liquid swine manure(T3) applied

* forage p<0.01, fertilizer p<0.01, interaction p<0.01

wel] Aol A ARELS DM 3%FFe =RAHE o] &3 NI AREZA
2 AdZY DM 59% =2 HH A&7 stenl sy DM 2.7 %ol v&] €53 =
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(1) = shaky) 2o A Ak

Table 12 =291 3 g8tu] g o] Algo] AluztEo Ay xuWy

ANEAE F 23 2o AdEe 39 988 %® ojerg|eteto] et AW 7zt
7} 7.06 %9+ 7.53 %l Bl = %keH(p<0.001). 2E]a ¥ EFFE] 9ol DM 27% &
B HH(T2)7} 884 %= BF A2l 7.08 ~822% WS Bt Eol T27t 38u 8(T1) %
DM 59% <=&du(T3)el Ha] Ao o]&do] EUthp<0.01). olejg A=
Fink(1982)7F 21 &A1 24 wruldgteo] 156 ~25.0 %= M= ko) 18
U ZxAo] AaHg AE A Bx U T-N e 2Eo] ASA 7o wat 43
th(el 9t Jacob, 1996)= H.aret o] & A|RelA Jfstrle] AES FEtrE vy
ghego] Wotd o & AR QT

23 oA Slo] 687 kg/hal® olgEqtElo]rgtaet dwe] 7}
Z} 225 kg/ha¥t 142 kg/haol Hl&] B AtH(p<0.001). 3}3tu] s e} =RAn] 2] 1hd

2 59 %% =8 AHH(T3)7F 504kg/hae 2 B 28] 184 ~ 371 kg/hacl H] &l

P waow A = fojarh AATHP<0.001). o2 g A= Ex o T-N9J

kol =2 A5 AszEe e AAd Tl S 71 T= A(1999)¢] Haie}

=

—_
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Table 12. The percentage of crude protein(CP) and crude protein yield(CPY) Italian
ryegrass, rye and oat in pasture applied with no fertilizer(T0), chemical
fertilizer(T1) and DM 2.7 %(T2) and DM 5.9 % liquid swine manure(T3)

Grasses Fertilizer CP(%) CP Yield(kg/ha) Remark
TO 6.96 113
T1 7.28 204
Italian ryegrass T2 8.12 149
T3 5.80 429
mean 7.06 225
TO 10.25 334
T1 9.76 738
Rye T2 9.88 815
T3 8.97 888
mean 9.61 687
TO 7.14 121
T1 7.61 154
Oat T2 8.52 70
T3 6.87 213
mean 71.53 142
Main ok sk
LSD Sub plot ok Hokk
Main*Sub NS stk

* NS ! not significant

(2) 7=
wxdn el st A g mE AlRAE Wl FrlEREel dd 24dd=
Table 130 #IAJd wke} 2uh Alazbs W P &2 0.094 ~ 0138 %2 Hlem,



ZZAMAE 39 012%, HMEZFEEE DM 27%F=9 =&2998)7 0.117 %= €
A

Table 13. Concentrations of major minerals in Italian ryegrass, rye and oat grown
on the pasture applied with no fertilizer(T0), chemical fertilizer(T1) and
DM 2.7 %(T2) and DM 5.9 % liquid swine manure(T3)

P K Ca Mg Na
Grasses Fertilizer
,,,,,,,,,,,,,,,,,, % i
TO 0.129 1.678 0.134 0.057 0.257
T1 0.114 1.055 0.148 0.067 0.368
Italian
T2 0.094 1.545 0.117 0.038 0.303
ryegrass

T3 0.105 1.080 0.145 0.073 0.356
mean 0.111 1.340 0.136 0.059 0.321
TO 0.099 1.286 0.121 0.065 0.027
T1 0.109 1.389 0.150 0.076 0.052
Rye T2 0.138 1.795 0.156 0.078 0.027
T3 0.117 1.622 0.151 0.086 0.036
mean 0.116 1.523 0.144 0.076 0.036
TO 0.113 0.910 0.091 0.055 0.251
T1 0.124 0.998 0.093 0.059 0.321
Oat T2 0.118 1.316 0.053 0.034 0.084
T3 0.124 0.984 0.066 0.065 0.180
mean 0.120 1.052 0.075 0.053 0.209

Main NS kkk ok k% kk

LSD Sub plot NS Kk NS * *
Main*Sub NS H% NS NS NS

* NS ! not significant

AteZHE Wl K3 0910 ~ 1.678 %9 W on, 2FHes 59 1523 %%
Tepset Awo] Zb7t 1.34 %9 1.052 % Rtk = kth(p<0.001). 12 ar
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= Ak vl Al T27F 15 T1¥ T3¢ 1.147 %9} 1.229 %l H]8 =%he
M (p<0.001) Z2F2 HEFF F FE0dE 1R {FoxE HAth(p<0.01). Ca g
ZFe 0053 ~ 0156 %o, 2FHEE 58 0144 %2 olgelstelo] aelxsl A
74z 0.136 % 0.075 %91 Hlaf = %kth(p<0.01). L2li vg FHERE 3R
7F 013 %= € Az 0109 ~ 0121 % XRrtl wekow T27F T3 Hrh siokth 11
Mg &S =290 9 gt g Algo] we} A2 F7tsle] 034 ~086% W
AArh 2FHRE SUo] 0059 %= olggetztol rgtaet Aw Zbzh 0,059 %9t
0.053 % BT} ¥=kow(p<0.01) BlEFFHEZE T3(DM 59 % =EA0)T17F 0.075 %
2 B Aol vlsl EATHp<0.05). ©19F Jacob(1996)9F 21(1999)0] & Fol Mg g
e 009 ~0.18% Atk B ®mrh vrebrh Ee Na § 32 0.027 ~ 0.368% M=
ZFo] webA B zolg Bl ojgEbete] et 0321 %® SE AW ZH

%t 0.209 %0l M]3 E9ktHp<0.01). 18] v EFFEEE 33 8771 0.249
188 9} 1.34] 3% kThH(P<0.05).

& Y2t
oo} ze Avw ¥ woslsia W EEdulo] el ARAE U FEwsie} o

—

2 ¥4s Hin AEAF 29mAgE (%)L 5 F18kge) wE Fstus
oF oA Eokom K Hek 7714 d4e 3 W&ty 4% DM 2.7
% ERAUFAN EL FEE B Mg 3 Nad 3eus 77 g Aol vls)
S Tt FrE e Aowm RAESATE g Al o]&¥ DM 59%
THH 7 T-NS 23e BE 2 Fdo] mdouy A=A o3 &du= 42

P\
;9_{
o

sz dr] 2 SEHH A g whE B 384 JEWsts Table 140 yehd
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Table 14. Effects of fertilizer on pH, total Kjeldahl N(TKN), organic
matter (OM), and major mineral contents in the pasture soil

ol TKN OM Ava.  Exchangeable Cation(cmol /kg) CEC

Treatment 5 o o POs *
(15) (ﬁ) (ﬁ) ( /| ) Ca K ng Na (cmol /kg)

Before 48 048 103 809 048 035 022 0.05 12,6

TO 45 046 115 789 053 031 022 0.08 13.2
T1 47 045 112 8.0 060 026 034 0.06 134
IRG T2 45 046 116 676 031 035 015 0.06 134
T3 50 053 122 688 057 028 020 0.08 135

mea 47 046 116 753 050 030 023 007 13.3

TO 46 047 120 646 031 028 013 005 132
T1 47 044 117 796 046 027 023 007 13.1
After Rye T2 45 045 113 [ /468 022 029 025 008 127
T3 47 046 116 814 087 030 034 009 138
mea 46 046 116 756 047 028 024 007 132

n
TO 46 046 113 705 044 025 035 0.01 13.7

T1 46 047 116 657 062 024 043 0.09 127
Oat T2 48 045 117 819 028 034 011 0.05 134
TS 45 044 112 714 031 033 014 0.05 129

mr‘fa 46 045 115 724 041 029 026 005 132

Mai
n
Sub NS NS NS NS ok ok Hokok NS NS

Mai
n*S NS NS NS * NS NS ®kok w3k NS
ub

NS NS NS NS NS NS NS NS NS

LSD

* NS ! not significant
* TOmo fertilizer, Tl:chemical fertilizer, T2 and T3DM 2.7 26 and DM 59 %6 liquid swine manure
* Ava. P2Os5 : Available P:Os, CEC : Cation Exchange Capacity
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Aol EFARES B AFzolg4e] Ba AFe] Basel Yk Ao ArH,

(2) NHy N 5%
gefls W Evoln A8 F 112 5 650 AA EF F NHN 558 =
Abek A¥= Fig. 9-1, Fig. 9-2 9 Fig. 9-3° #|A] =3l T}.

30

26.6 26.6

25

20

15

NH4-N(mglkg)

10

RG Rye Oat

Fig. 9-1. Soil NH4—N concentration on the pasture covered with Italian
ryegrass, rye and oat (LSD 0.05 = 4.823).

2%d EY T NH-N Hitsks ojgeletelo]agtael dwo] 247; 266mg/kg &=

EATHP<0.05). o<} Zo] =T EY Ul NH-N 559 25 Hol& 8912 A
AR A o2 BEAel @Eadle]l AERAXN 1 F addow WF A 52
FWANFTE ol WAkl Bkl o3k ¥4 Ane] o84 Astz BF W YHFe] B

Auteo A 2 A2} 4o o

o 2 e EE A8 EU) NH-N e Fig. 9-200 ekt vhsh gt
HETHEEE T2 77F 50.1 mg/kgl = EF A Ht; 2.1~ 938 =AdH(p<0.05). ©]
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Fig. 9-2. Soil NH4;-N concentration as affected by no fertilizer(T0), chemical
fertilizer(T1) and DM 2.7 %(T2) and DM 5.9 % liquid swine manure(T3).
(LSD 0.05 = 5.572)
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Fig. 9-3. Soil NH4-N concentration by chemical fertilizer and liquid

swine manure applied in sampling date.
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Foldth 1 & FAF Al T2>T3>TI>TO w2 EY U NHy-NF=rt E9kon, +
2 NH,~N 82 T2 7} 365 mg/kg & T13 T3 ®oh 24z} 37 wiek 25 w) = gkch
TR E 1 A2AA T3 9 T1 242 766 mg/kg 3 76 mg/kg ©] B W 275 o
& 71 olgEetEtel ek T2 Bk Bk Ul NHy-N7F 45 %A & ol B30

e TRz ol g4e] U Ao AmArh WaAed A NH-NGFe

ST AN

—

a4

T2 7} 170 mg/kg &% T13 T3 Hoh Z42b 15u49F 130 =4 EF Wl s 9l
o} ey olgbeietgle]l ek b ARk 2.1 wekuh ZrElan o] Auy
B T NN &HFE 13244 T2 7F 1515 mg/kg &2 T1 3 T3¢ wlsf 2+
4vjelt 3y Emokom HF Al Aol ojgutgtol et aet AL AdE WS
tt.
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Fig. 9-4. The cumulative amounts of soil NHs~N on the pasture covered
with Italian ryegrass, rye and oat by no fertilizer(T0), chemical
fertilizer(T1) and DM 2.7 %(T2) and DM 5.9 % liquid swine
manure(T3) applied in sampling date.

_51_



o F Az AN AlE Fo] Trhdl uhEk NHi-N2 24
Mg F A EFRAH A G wgom 25 AR §43) gaHdvhe
(1992)9] = E A
AolE molal SISty Hxe] IERETF £& TWTE NH-NO| F50]8 Fof b

ZFo vlal E¢ Wl NHe-N s&=7F vbe wbwl F9je ofs) uAst7t & olez] ket

2
o
v
o|\
N
ol
E

&
'S
e
Y
_0|L
32
i
X
&
Ll
LS
e
2,
k)
R

~
ojz1gf2 1} Aol NHy-N o] & % §go] ol B¢ =/ JAE o=z ARy
o 2elal T27F T3 F+R B9 o] NH-N 9 5%7F =9k 1 olf= AEF

o] vre T27F T3WT} AA7|7ke] Aol X
U B JA o] =gd Aom AtmETh o]y e Ade &3 7(1996)7F S
AW Eio] AEEAE A Kok NHi-N o =7k E9dvhs wash dxstgv

(3) NOs-N &%
=5dn] 9 gt g Al g Al 2FE EY W NO3-N FXo thst Z3+= Fig.

10-1°l HEp A

350
30.0
25.0
20.0

15.0

NO3-N(mg/kg)

10.0

5.0

0.0

RG Rye Oat

Fig. 10-1. Soil NOs-N concentration on the pasture covered with Italian
ryegrass, rye and oat by no fertilizer(T0O), chemical
fertilizer(T1) and DM 2.7%(T2) and DM 5.9% liquid swine
manure(T3) applied (LSD 0.05 = 5.890)
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Fig. 10-2. Soil NO3-N concentration by no fertilizer(T0), chemical
fertilizer(T1) and DM 2.7%(T2) and DM 59% liquid swine
manure(T3) applied
(LSD 0.05 = 6.801)
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Fig. 10-3. Soil NOs-N concentration by no fertilizer(T0), chemical
fertilizer(T1) and DM 2.7 %(T2) and DM 5.9 % liquid swine

manure(T3) applied in sampling date.
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The cumulative amounts of soil NOs3-N on the pasture covered with
Italian ryegrass, rye and oat by no fertilizer(T0), chemical
fertilizer(T1) and DM 2.7 %(T2) and DM 5.9 % liquid swine
manure(T3) applied in sampling date.
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Fig. 11. The dry matter yield of Italian ryegrass as affected by chemical
fertilizer and liquid swine manure application level.(LSD 0.05 =

708.8)
(TO:no fertilizer, T1:chemical fertilizer, T2:liquid 100 %, T3:liquid 200 %, T4:liquid 400
%)
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(p<0.05). o] 21(1999)0] =X oHu] A]L4Fo] Z7}E4E zuwl Adgo] =gkr}
B Rael fAMS A2 Ao, A S(1993)% oA stel

= 94 N9 480 9 =2/ ety sdch  aEa AuAE5FE 7=
T4 T7449kgo = T2 o T3o) B8] Z+zF 2.1u)9} 1.3 =QFo ] (p<0.05), Aa 7t
L T4>TI>T3> T2>T0 &0z ou] 400 % FollA 7F4 =9ror}t 3stanatn
6225kg/hac & M2 =o ZuwmAMALS Wt B xAARE zowld sl
Fol ststnlg o] HE] ¢F H E=REY Y A&TFTe] B AT =3

Anderson®} Christie(1995)9] ®. 119} F-AsE HeS ® o).

ot

¢

s

Table 15. The percentage of crude protein(CP) and crude protein yield(CPY)

in Italian ryegrass under different fertilizer level

Treatment CP(%) CPY(kg/ha) Remarks
TO 9.50¢ 94.3%
Tl i 1.51F 622.5"
T2 11.94° 362.4°
T3 12.63" 564.0°
T4 13.88" 744.9°
LSD 0.05 0.209 95.1

(TO:no fertilizer, T1:chemical fertilizer, T2:liquid 100 %, T3:liquid 200 %, T4:liquid 400
%)

2 ¥7=

sepuln L ERu Ag5Eel wE olgeretelaeta ul FABH Y U@

Tx Ul PEEe daHE % A8 Al T1 0145%E5 H<Ql whd T2+ 0.165%
2 HHAE 7 =R TH(p<0.05). HHAGFEol mhEbA = E] 400 % Al8(T4)7}
0178 %= ¥ Aol Hs| 7Hd wkovt AnAgGeE o= ozt il o2
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sl B EYthP<0.05)E 7 5(2003)¢ AlFrael dxsdnt. 2 &
S(1990)% FHxo ogk o] FFA o] ol F Kol&o] thE o] H

151 mg/kgell H3 Eokth(p<0.05). ol¥ s A= JAFAnEE Alg&E &30
EMg0)dol gfrse] glo] 9FS v o
|FF 7ol A 400 %77t 194mg/kg & & EBF A HTE =9ktH(p<0.05). whekA
HH| Al go] Hx ] Mg wkol &S vA i v Aoz AlsEgloen oys 2
= e oFE(1998), Al 5(1993)7 £(1994)°] HaFwo] =S F 5 5
ghaol Eotths Hael §AEE AEE Bl ®3 Cad @S TO Hls] 2
S 2 s W TUME Ben, T4 5 AQstas 4119997 &
Fol T/EFE Hx U Ca, Mg, @ K 5% Z2F5%n 2 4Foz Z7184
thi= Bl FAREFA T 18] Na 332 T154mg/kgo® T2 9 T3HT &0
U T46.33mg/kg B U= Sth(p<0.05). 223 B A &5 webd F71E Ho
HH| Al g-of o3 Nao] EY Ul JA= 1 e 2oz AlsHtt

ST

4

o
O
O
=
o
i)

H
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Table 16. Nutrition contents in Italian ryegrass under different fertilizer

application levels

Treatments  P(%) K Ca Me Na K/(Ca+Mg)
************ mg/kg ————-
TO 0.181*  2227° 35.0 16.1% 3.79 19
Tl 0.145"  251.3" 36.2 17.7° 5.40 2.0
T2 0.165"  253.8" 36.1 15.1° 476 2.3
T3 0.166"  277.9% 386 17.8" 5.07 2.2
T4 0178  301.9° 35.0 19.4° 6.33 2.3
LSD 005  0.025 459 NS 418 0.99 NS

* NS ! not significant

(TOmo fertilizer, Tl:chemical fertilizer, T2:liquid 100 %, T3liquid 200 %, T4:liquid 400 %)

&3] Mg-tetanye}t sh= A& 5 Mg gdo] vobr A4 F&Eo] SAshaL
s Aol AeiA, dte] Holx 2l FA He FFeE FolATF A A
ded o &3 A o= iyl miadls, Zwel RSl o3 o=
Fink(1989) ¢} Wieland(2002)+= %9 K/(Ca+Mg) R&H|I7F 22 ool A=
Mg-tetany 7} A 4 vkl stk & Aol = TO ¢ K/(Ca+tMg) B #H| 7}
191dl &) Ti1o] 2.0, HH[A&FFol whel 22 ~ 235 Hol spehu| el HuHAl&
of wel FFel A= Aom ZARHJT. 2y 41(1999)0] wEel] & B =&
H Al K/(Ca+Mg) BH7F Hol 2910]eh= Haet 4 5(2003)0] E3fzA]d] = H]
E 4A8 HAd 264k BRarts vt 283 Zuliena 519970 %= AW E

ru

)

%

o
ML
1o

H]A| 8 grass tetanyS & EHES SAANNZYGE $HE Bastal Q)
on Fo} oFF(1997)2 FEANEET JtHEgEe] w7 WEd EY T Kol&9]

S7ks ol 23 A= Mg 3 Mg o F57F Asjdvhal skt
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1701 AA R A 2o} gheh|a 2 =8 Au)A
A EFNEEH)E A 9Es v &tk TOl Hl&) T1# T2el4 TKN, OM,
FraEQlih Ca, K 2 Na ol S7F8 B tHp<0.05). Mg 3 o] 4] 38 ZF(CEC)2
TiolA  =A vebwdh agla AuA§5F tols T-N3b F a4k duA] &
o] & § = FT7Fe9 o (p<0.05), OM, Ca, Mg, Na ¥ CEC & T3°lA 74 %
%L K2 T27F g Aol Bls) =3kt (p<0.05).

TKN = TO 0.127 % w3 dAxi FFAE&TQ T12 T2 247 0.146 % <F

0.144 %= TO o Hla] BF =¢kom(p<0.05), dH A &FF 7Fol= T4 0160 % = 7}
F Ee AL IS Hols 5 AuAlE o] BESFE S tHP<0.05). o] &gk

Ashe ogRn A§ Hol WEFE N @9l ¥9kuh Lorain? Buckley(2001), &
(2003)3 A F(1995)¢] mas A el WA Fol EF F Aol FFL v
2 o 5 99tk OM @& e Tool A wgrort shetusyel T

Hie

i)

fFradatd @ (Ava. Po0s)> TOoA Hxel o]&o] o3 Ay drt yrgtor)
6.4mg/kgel S7hedl Bl HHAET= 255 ~ 60.6 mg/kg o ofH|
Alg ol 7SS E BWe Iitel EY W -t o(p<0.05) shetH]m el HnjAlE
Al EG Ul faciabskee]l 7 H Atk Barnhart(2002), Kandler 5 (1994),
Koelsch(1996), Newton 5(1995)3 ©](1996)¢] R a9} §-Ae Ay E ®H AT

=
rl

>,
o
401'
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Table 17. Changes of soil characteristics after experiment at Italian

ryegrass plots(0-40cm soil depth)

Ava. Exchangeable Cation(cmol’/kg) CEC
P50s (cmol”
(mg/kg)  Ca K Mg  Na  /kg)

Treatment pH ’125/?)1)\] ?0/12/%

before 49 0145 4.02 1283 6.87 3.81 411 0.67 20.1

10 after 51 0.127° 332" 1215° 708" 331 333" 048 230
before 50 0138 336 1258 772 375 452 051 206
B after 50 0.146” 363" 1322 883 366" 386" 058" 246
before 49 0166 341 1142 527 509 343 063 195
T2 after 50 0144 370" 139.7° 744> 378 283 051" 228
before 49 0150 336 1135 696 553 351 041 219
" after 50 0147° 427" 1605" 945" 367° 325" 061 236"
- before 49 0151 243 1285 583 412 295 046 191

after 50 0.160° 3.62° 189.1° 7.11° 342> 310" 060* @ 22.0¢

LSD 0.05 NS 0012 059 328 0.79 0.34 0.37 0.06 0.8

* TKN : Total Kjeldahl Nitrogen, OM : Organic Matter, Ava. P-Os : Available P:Os
CEC : Cation Exchange Capacity

* NS ! not significant

(TOno fertilizer, Tl:chemical fertilizer, T2liquid 100 %, T3:liquid 200 %, T4:liquid 400 %)

Cagrdel disid= daHla eFAEFd T T2 A9 d 2o 72 116
cmol /kg ¥+ 2.17 cmol ' /kgo] S7FEAe™, T27F T1 Bl o] E=3th(p<0.05). =&
H] A]&F el T3 7F 249 cmol /kg= EF Aol vlal] 74 mokom AnjAl&
T o ET Bu E=kuh ek 2Ao] Fena 9 RN AJE A EY U
Ca g#o] ¥u]4- Bt} £715 0t Doland Bolger(1997) 2 A 5(1995)¢] ®H e}

FASRAT. SUPDE D2 §FF] FSFE Ca §F Fo] Wol Y 4 w7}



S3 AaAEFEe]l BE RolAL Ca 4% Wol Ao BF W AA @o] Hrju
stol B zALAs A e m Kb Mg §3S SR 2 A §5F
Z7hel] Wl "ol Arh(p<005). ol e F Ak £1994)0] ol A g Fo] F7h
F4% B2 K 9 Mg §57 5150 Bge] K3} Mg #3e §250 @43
Favis Jow wusn glol ¥ 2AATS fAE F%e werh 293 Na

stetul g B AH|AE Al Eddo] H(EE20cm, AE40cm)E Hlug B F

TKN =& Fig. 120] Ve vleF 2t}

020
0.15
9
s 0.10
|_
0.05
.200m W 40cm
0.00

TO T4

Fig. 12. Mean concentration of total Kjeldahl nitrogen(TKN) of soil as affected
by chemical fertilizer and the rate of liquid swine manure applied in
20 cm and 40 cm depth (LSD 0.05, 20 cm 0.014; 40 cm 0.021).
(TOmo fertilizer, Tl:chemical fertilizer, T2liquid 100 %, T3liquid 200 %, T4:liquid 400 %)

HES TKN &2 A4 FFAE&7< Tlo] 0.175%<0H Hls) T2 = 0.180 %=
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AU A&7 =grom, HujAlgo] @2 400 %(T4)77F 0.186 %= 7HE =okom o
HE SAEFEH TKN 9 F& =30tHp<0.05). AFaAE= #E Hsl TKN 9
Fol wtgtort o Aol weh F$UHE BAtH(p<0.05). £3 T4 9] TKN ]
0134%= RES T2%FFE Hol wid x& FEga JuAE Fo] BeEFs o
S NG ol ME B FFS we] A Eo] FolE Hi Aoz AmuET)

gtz g AuAgo] W EF F OM FFS Fig. 13914 W= npe} 2ot

EES OM EHF2 4.03% ~452%= An|e] A g5l wel F7iss Fde
HALAES] OM F= fuagEe] Fobel weh x8e] FF} fApehairt 1
Pu BES JES OMFF A7F 12 ~26%F Hola glo] OM < R B
Agetel AER] o) MMId Aow Amdt

%

>~l

50 | @20cm  m@@40cm

4.0

OM(%)
w
o

TO ™ T2 T3 T4

Fig. 13. Mean concentration of OM of soil as affected by chemical
fertilizer and the rate of liquid swine manure applied in 20 cm
and 40 cm depth
(LSD 0.05, 20 cm 0.775; 40 cm 0.633)

(TOmo fertilizer, T1:chemical fertilizer, T2liquid 100 %, T3liquid 200 %, T4liquid 400 %)

o] A} &)
AESR S

o

E

ofj

H T A AL AVaPO0s) 3 e Fig. 143 o] YElYdT & 5 F
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& 1207 mg/kg ~ 2245 mg/kg S 2 MU A]E o] WESFE At (p<0.05). A E
ME ststrlg gl duAlE FFo] TR fFaIe] RV SRS Ry
(p<0.05) Mg s=x7F FEC Hle] 22 Aoz yeu FaEAS EdelA
o] &tgkol s g Ao AR ¥

250

200 - mTo @mTI OT2 OT3 mT4

100 +

Ava. P205(mg/kg)

50

20cm 40cm

soil depth

Fig. 14. Mean concentration of Ava. P20s5 of soil as affected by chemical
fertilizer and the rate of liquid swine manure applied in 20cm
and 40cm depth (LSD 0.05, 20 cm 59.5; 40 cm 12.1).

(TOmo fertilizer, Tl:chemical fertilizer, T2:liquid 100 %, T3:liquid 200 %, T4:liquid 400 %)

getulE L A §FE B E

il

ol

W ol eF =T Fig. 157 o] YERWTH
Cas®s EFNA FHT7F 6.60 cmol /kgld] Hla s}3tu] g} A A g-5=Fol
we} 659 ~ 9.89 cmol /kg = M| 400 % T2 Aolet Z71E WO (p<0.05)
o Wu]TE 755cmol kg & WA W EA 50 Wl 7.63 ~ 943 cmol kg
HATHP<0.05). oy s A= 2R HFol Ca2 FHxol o] FIH& ol &4
ow FAErh Kge 54 g &5Fol whel 340 ~ 364 cmol /kg ©] =
W gFEz dded AdECdAME FHT 298cmol kg = SHetH| S oF HH] A&

o>
ol

N
-

N

[e]

O
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344 ~ 389 cmol /kg & A7 7+ FI37F UATFP<0.05). KEF EF o FHiFo
BE Hrh AFo] ol e FRS HEo| oF o]§He] xnE Ao FYH
HHH A Foe HEAST7E TR 22 IARFEE Holal glo] AlHjd] <93
K7 4502 dgol% 5u i Ao Ardd

120 -

10.0 +

OT0o m™ OT2 OT3 WT4

8.0 |

cmol+/kg
[=2]
o
T

40 |

20 +

120 -

10.0 +

8.0

6.0

cmol+/kg

40 |

20 +

0.0 U

Ca K ) Mg Na
Cations

Fig. 15. Mean concentration of cations of soil as affected by chemical
fertilizer and the rate of liquid swine manure applied in 20 cm(
A) and 40 cm(B) depth

(TOmo fertilizer, Tl:chemical fertilizer, T2:liquid 100 %, T3:liquid 200 %, T4:liquid 400 %)
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Mg st#S T1o] &3 AZFolA zZ+z 3.39cmol /kg ¥ 454 cmol /kg & EF A8
of mla] o (p<0.05) olzld QoS ik HBE ALY &AAH Fo| 1E
R0l ol wWE Aow FAHAG EI A EFEFd xR FrE B

05

cmol /kgel E7 FFH L 9ol EFel w1

cmol’ ~ 069 cmol /kg = Hl&A 2] T+ FolaE B (p<0.05), HEANAM= setu =
T7F 064 cmol /kg® 7HE =kaL HAuAlGFFEed whet HAF F7HE A THp<0.05).

ol’del A¥E THMEW stetu|m B AnA Gl M 5 FoldFS

Ho

Z1Eelut FEQIA Bu 2359 AT 3 AVE A ol £FAHEC] AEel T o

ol Bo] grette Baet AN A3E Bt Pleysier 5(1982)% ol &
E7F =okvta Bkl

)
i)
2
>,
i
N
2
)
(@)
o
=
Ga
g
~
2,
rfo
1o
off

(3) NH/-N &%

stetrls 9 =29y A& mE EGFE Hd NHyN 5%+ Fig. 16-1014
B+ dke)l 2 1E9 NH,-N& 0.72mg/kg ~ 1648 mg/kgS 2 HE 0.63mg/kg ~
6.01 mg/kgell Bt} 258 AU A FZFALETSA T19 T2 9 %£F5(20cm) =Y
ol dihss 77 88 mg/kg ¢ 811 mg/kglZ 8t R 7F 7 =gkt =1
MH| A& Fo] 71 B2 400 % (T4 7} 1648 mg/kgZ T2 H T3xt; bz 24 <}
L4} =oHp<0.05) HH[A|§ o] T7ted & 5 E¢ Wl NH-NgTFol S7heth=
Lowerance 5 (1998)¢] ® 19} AX 35ttt whH A E (4O cm)oll A= FH] ol H] 3|
Sl % AH AR oA ES NHy-NE Kl v AaAE =5 ol v 52389
th B FZAA Y NH-NE HH A &30
Ak #1994l ejskH NHy-N&= ol
Aotal, B Wl NHy-No Algke] &5 mhel NOs-N= e wel NH-N
o] T frAadvE Baueh FAFSATh

b

=)
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18
@ 20cm [ 40cm —
15 |

NH4-N(mg/kg)
©

o L Moem | |
T0 1K T2 T3 T4

Fig. 16-1. The concentration of NH4;—N of two layers of s0il(20 cm, 40
cm) as affected by chemical fertilizer and the application rate

of liquid swine manure (LSD 0.05, 20cm 3.135; 20cm 1.891)

(TOmo fertilizer, Tl:chemical fertilizer; T2:liquid 100 % T3:diquid 200 %, T4:liquid 400 %)

ARAAANZIE B § NHi-Ne| 5= Fig. 16-2¢F 2o UYein. B¢ £
o] NHy-NE=s 10418dc]= AuA &7 B} Sohla oA & s=28 Hili
Hu| Al Fol weFs TRtk 119 73 ojd 39309 FulFl 49129 =
ARAL 72 stehul g R Aol A e NH-NTHEE melov] Aees 1
NI HH] 400 %7 NA =& FEE B ol AT SHne FUIdAL
= e gaso]l 27le A dehve oz Houl dus fUIARRA V3

o] AHEHA M3 FrgtEe] EY U FRTE/ 22 AoR AlRHT 31
A FEzAL T FHlo] w2 NH-N 555 591593 59319 z+2F A 1759
mg/kg % 553mg/kge @ HlWA e Frrt AEFHAT A7 E o] Fol H|
3l 59 F - dtwols 229 AF Toll o AuAE F NHA-N7F E<F O 714 =
te FatEo]l vdd Ao Algdr. 283 AEMUOem)s NHi-NE 5= 7]H]
24 gstHls B ERANAlE F 3 ZARA 7O WA A eI ey 5

Hs-N 5%+ T3+ 150mg/kge AYstiie 1.19mg/kg ~

A
>~
e
4
=
ol
iy
_|>L
i
Z,
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729mg/kgo® WA vre =S Hol 3otulg Bl HHARo] mE EgeTom

9

o ol%e Mygd How AmETh NH-NE Fol2oi g o8 F2eo|

o

o] kol Hu= AlRkel Aol wEk NO;-N= Afso] HAE Hlvs
(1994)¢] ®.arel o= ¥},

50 -~ A

40 L

30 -
OT0 mT1 OT2

OT3 mT4

20

NH4-N Con.(mg/kg)

50 - a
40 |
30 L

20 +

NH4-N Con.(mg/kg)

10.11 10.18 1.7 412 5.4 5.15 5.31
sampling date

Fig. 16-2. The concentration of NH4~N of 20cm(A) and 40cm(B) depth
of soil by sampling dates

(TOno fertilizer, T1:chemical fertilizer, T2liquid 100 %, T3:liquid 200 %, T4:liquid 400 %)

(4) NO3-N &%=

3lstu|g @ =RAH A gFEFEd WwE EY = NOs-N &L Fig. 17-1 3 Fig.



17-2¢l vebd whep 2ot

2 dgade W EY ¥39 NO-N HitsEE 7.82 ~ 19.88 mg/kg ©
omn AEoE 535~ 80l mgkel® REZF AERTE 228] =9ith A
29 ¥3F NOy-Ns=E ZH7 1523 mg/kg 9 13.79 mg/kg o2 3}s}
HE7F Egdth =] Ao s T47F 1983 mg/kg &2 EF AlE5E0l
H)& 7Hg =th(p<0.05). W AT ES] NOs-N a2 T4>T3>T2>TI>TO A2 2

SRR

2

of
-
rO
=
:‘_I,
—

2 T47F 7P =3a(p<0.05), B0 F - Aol 3tshhlzs 2 dujAg Fo] u}
NOs-N§&=el Fs mAL e Aoz ALgHET E3F NH-N ok @] 78] A
T 7.8mg/kg ¢ NO3-N7F A H o] B 9 tf7] Fo Aol os) F7]st7F dojut A
o] A Aol Aol F7)gtE]o] AAdE NO3-NE 5, AASHA K3te] EG ol 3y
shal AATHE H(1994) ] Hast dAe B EY T NOs-N &= daAE ZF9 F
7Fell wldl itk Lorain® Buckley(2001), Lowrance 5(1993), Studdy 5(199%)3 & %
(1999)°] Hi1o}% fAlal3ith

25 -
@ 20cm W 40cm
20 - N
2 15
(=2}
£
=
S 10 |
=
5 |
0
TO T T2 T3 T4

Fig. 21-1. The concentration of NOs-N of two layers of so0il(20 cm, 40
cm) as affected by chemical fertilizer and the application rate

of liquid swine manure (LSD 0.05 20 cm 3.046, 40 cm 1.251)

(TOno fertilizer, T1:chemical fertilizer, T2liquid 100 %, T3liquid 200 %, T4liquid 400 %)
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ANaAAHLYE FEo 3 NO;-N X+ Fig. 17-29 2o] vebdig. A 7|A
091193 9% F dFAF 109182 7HAE #3534 A53He NOs-N 5=
Aole =8 AT FELE uskth adu 11979 E 2e AAAEFEdA Tl
B} T2 BEY F NOs-N F=% 7H7F 3534mg/kg ¥ 2097 mg/kg &2 3}stn| 5+
7} 1.54] =gkoh

40 A

w
o
T

OT0o mTm [OT2
OT3 mT4

NO3-N Con.(mg/kg)
S

_
o
T

30 -

NO3-N Con.(mg/kg)
S
T

10.11 10.18 1.7 4.12 5.4 5.15 5.31
sampling date

Fig. 17-2. The concentration of NOs3-N of 20cm(A) and 40cm(B)
depth of soil as affected by chemical fertilizer and the rate
of liquid swine manure applied by sampling dates

(TOno fertilizer, Tl:chemical fertilizer, T2liquid 100 %, T3:liquid 200 %, T4:liquid 400 %)
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MU A G-l mpebA s =2 ein] Al JFol 7P 2 400 %6(T4)7F 29.1 mg/kg o2
the 29 T2sh T3 27 2097 mg/kg 7 2241 mg/kg O 2 oS Wol AlgFel] met

NO;-N &o] 5715 Blt) olddh 71 ddas 47| A& o3 o83 &< 4

(o

of B ol =A IR v Aoz Alsdrh a7 FH] § 49129 AL A
AT T13 T2 247 1636 mg/keg o 238 mg/kg o2 2% A9 A e
T2 7} Eokrh AuAl &l wet NOy-No| w%7F F7H5 Kol T4 3802mg/kg &=
7P wmokeh el a sheh e B AEAlETel A NOs-N o] =7 vehslth 5%
N FEFEAL T FHlA o EF Ul NOy-N w9 ¥ists #1908 ke 4
591590 =% NOs-N a2 T4 7} 2008 mg/kg &2 EF A&
9] 1368 ~ 1495 mg/kg Hrl =t oleldt Ads 547 2AMAY Hup vrol 4
(1993)¢] aazi 9 Budihs AEAS A oF Hrhes Age EY Ul NOs-N9| &
=7 Edthe Bael AdAsh 11978 2AF A1E A9 A A7) shehH g B
o} Ani A oAl NOy-No| F%7t &dth o|ejsh A= shshhne} @ =idne] o
F7b 718 o2 EAEHAA Aal T8z s o] AL oR2 EF U NOs-No| 5%
= WEo® FAE AFAAE 5 FREUE Wou HEAgFEd et
NOs-N¢ F=7F S7F5 03, NH-Neb= 22 shdols =i gl Aoz ARSI
ol &(1992)¢] H oA NOs-N& So]20 & Eof o3k Fto] 5]#] gro} 790 ¢
& stakols wrhi= Azel FA}sTh
ol4fo] AxZ Bl B F NH-N 2 NO;-N Fee RE 27 45 gle
W, seha s Bl HUA &R el F7HE Holth Alke] Ao wil w9 ol

i

A2E RYTh NOFNE HER ol$53 gt Ao zApsgon 24 A7lel w
NOrNel BEE Aold Rtk 183 4 5193 4719 NOrN el 71 v

BT @ W §Q009)E Aol B 89 shewt 99 zad Htin s W

W 5(199)e BEdFAd uegt 2ol deS Husta o] ALH FHitr|eo] =2 B
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et 3 =2 du] Ao e EYEETFE NO3-Ne == Fig 18-1 %

100 -
8.0 L
@30cm @ 60cm

0 6.0
(o))
S
=
[s2)
S 40

2.0

0.0

TO T1 T2 T3 T4

Fig. 18-1. Mean concentration of NO3-N of percolation water collected at
the 30cm and 60cm depth of soil as affected by chemical
fertilizer and the rate of liquid swine manure applied

(TOmo fertilizer, Tl:chemical fertilizer, T2:liquid 100 %, T3:liquid 200 %, T4:liquid 400 %)

B8-S P NO3-No 55+ 30cm ZoloA HAAFEFEAET T1 9 T2
9] NO3-N 5%E 42 747mg/L ¢ 59mg/L &2 v s37 E=¢th. =R odH)

Al gFzd Wb E T494 95mg/L 02 EF A €579 59 ~ 657 mg/L o 13|
EA YEY AHIAE Fo] BEFE ESEETFE NO;-Ne=7t =9dkth 183 60
cmoll A= sFEtal s o] Hs] HAB| A&7 Eokom, T4 A& Al 59mg/L & §4
&7 T271F@20mg/L) Hrh sgtov HuAlg e wel F7HE Bl NO3-N 7}

stFoles Ha = Ao Atmdd o3 Aye= & 3 H2002)7F EYEETFT

12
o>

= O Y 2~
JHE ST 2 QAN ETE

9] NOs-N+= Hd#Fo] 758mg/L &2 uj$- Sroka

Zrel ke Zpol 7k At Kareks Aol sttt

_74_



25

20

15

NO3-N(mg/L)

10

25

20

NO3-N(mg/L)

10.23 12.05 12.09 4.12 4.27 5.16 5.29 6.02
sampling date

Fig. 18-2. Concentration of NOs-N of leaching water collected at the 30 cm(

A) and 60cm(B) depth of soil as affected by chemical
fertilizer and the rate of liquid swine manure applied by

sampling dates

(TOno fertilizer, T1:chemical fertilizer, T21iquid 100 %6, T3Jiquid 200 %6, T4liquid 400 %)

TP & SQ02E ERl Sel AxAE4EL T/ AL A s 27} 5



Aok Ao fAlEldon Hu 88 @2 148meg/l o2 B FAMAY Hue thi
soxth 18 i 7 9F Jacob(1998)0] Ridk oA Moz dnlzh Al-8(200 kg
N/ha)¥ i Qe &2o] i) 843 NOs-No| 253 mg/L ivks 23 B vl

Sego AL A7l mE 2FHE NO3-No| v+ Fig. 18-2 ¢ #o] yepilh
A Z2AUQ 10923, 12959 2 12999l T1 9 NOs-N F=7F 16197
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Edo] gstng 2 ERAuE ALPS A 7 A =L o] (30cm, 60 cm)
S8 F Fol 2% Fig. 1994 7ol AA HATh

E% 30cm Zole EXLY F F Carvis AAFEAET9 T1 3 T200A 7
7} 1396 mg/L 3 1956 mg/L ©.2 WH| A&7} =gtow ou A4 o] WL T4
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