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ABSTRCT

Studies were carried out to increase forage production as well as to
improve soil fertility through applying pig manure fermented in combination
with sawdust in Cheju volcanic soil. The effect of applying different levels
of the fermented pig manure on forage production and soil fertility (Exp. 1)
and the effect of the fermented pig manure on the production of different
forage species (Exp. 2) were evaluated during a two-year period from
September, 1996 to October, 1998 in Forage Experimental Unit on Cheju
National University-Animal Farm in Cheju-Do.

The results obtained are summarized as follows ;

Exp. 1. The effect of applying nitrogen and fermented sawdust—pig
manure on forage production and soil fertility.

Forage production (with or without including weeds) was higher (P<0.,01)
in pasture with a N application of more than 150 kg/ha than in that with 0
kg N application. The application of fermented sawdust-pig manure (FSP)
increased (P<0.01) forage production by 3 tons of DM /ha compared to that
in 0 kg of N. Highest production was obtained with 200 kg N/ha or
Nitrogen fertilizer in combination with fermented sawdust-swine manure.

The percentage of orchard grass in botanical composition was increased
by increasing N aplication but not by FSP, whereas the percentage of white
clover was decreased by N application, but was increased by FSP. The
height of orchardgrass was increased by N application after April compared
to no N application. The tiller number and weight (plants and roots) of

orchardgrass or white clover were not influenced by N or FSP application.
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Only in June the tiller number and weight (plants and roots) were
increased by FSP application and highest in the pasture applied with 12 tons
FSP/ha.

The contents of N, P and K in forages determined in April increased
(P<0.01) with increasing levels of N application and were highest (P<0.01)
in the pasture applied with 12 tons of FSP/ha. The contents of N, K, Na
and K/(Ca+Mg) ratio in the forage determined in June increased with
increasing levels of N, whereas the Ca content decreased (P<0.01). The N
content in the forage determined in October was higher in pasture applied
with N than in that without N application, whereas was not influenced by
FSP application.

N content in the soil determined in August and October increased with
increasing levels of N application (P<0.05), but was not influenced by FSP
application. The content of organic matter in the soil determined August
and next January also increased by increasing levels of N application
(P<0.01), but was not influenced by FSP application. The contents of other
nutrients, such as P, K, Ca, Mg and Na were not infuenced by N or F5P
application. The number of colonies of soil bacteria determined increased by
FSP application compared to Nitrogen fertilizer application but was not
different among the treatment when determined in other months.

In conclusion, application of 200 kg N/ha or 150 kg N + 3-6 tons of FSP/ha
can be recommended for forage productivity and improvement of soil

fertility.
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Exp. 2. The effect of FSP application on forage production and soil
characteristics

The average DM yield of Italian ryegrass and Japanese millet over 2
years (1996-1998) was 8,452 and 11,264 kg/ha, respectively, FSP application
increased (P<0.01) forage DM production compared to that of pasture.

Interactions (P<0.01) were noted between forage species and FSP
application levels. The DM yields of 109kg/ha(T; : FSP only application) and
217kg/ha (T4 : FSP only application) were lower than those of 200kg/ha of
Nitrogen fertilizer only(Ti), 209%kg/ha of FSP + Nitrogen fertilizer(T5),
434kg/ha of only FSP(T5) and 868kg/ha of only FSP, respectively.

The percentage of forage in the pasture increased three years after
sowing showing T2, T4 and Ts were higher than others in August, 1998
and T2 and T3 were higher than the others in October, 1998,

The contents of K, P and K/(CatMg) ratio in Italian ryegrass were
higher (P<0.05) than those in the other forage species. Ca and Mg contents
in Japanese millet were higher (P<0.05) than those in the other forages.
The K content in the forage was higher in pasture applied with FSP than in
that applied with N. The Ca content in the forage was highest (P<0.05) in
T3 compared to that in the other treatments. The contents of K, P, Ca,
Mg, Na and Ca/P ratio in Italian ryegrass determined in 1998 were higher
(P<0.05) than those in the other species. The contents of P and Mg were
higher in pasture applied with FSP than that applied with N. The Ca and
Na content was high in Ti (P<0.05) compared to other mineral contents.
The Ca/P ratio in the forage was higher in pasture applied with N than

FSP application.



The organic matter content in the soil was higher (P<0.05) in pasture
containing pasture than in that containing forage. The soil pH was higher
in pasture applied with FSP than in that applied with N and increased
(P<0.05) with increasing levels of FSP. The contents of organic matter,
total N, P20s, replaceable Ca, Mg, K and Na in the soil was highest in Ts.
The pH, and organic matter, P05, replaceable Ca, Mg, K and Na contents
were higher in pasture treated with FSP than that treated with N, and
increased with increasing levels of FSP (P<0.05).

The soil bacterial number determuned in October was higher in pasture
than in forage. The fungus population was not influenced by forage species
or fertilizer. In conlusion, it is recommended to use 40 tons of FSP/ha for

pasture and 100 kg N + 10 tons/ha of FSP for forage.
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I.# E ]

AREE WEAT Bge 7159 Mol 3B FEERS Yol
S@dee oW ARy HAKS 4Ed 43¢ 2de 2n Jou BE
sleh. AFES] HREM WHE 26000ha2H A=< 57,000hac) HIHA 43%Lt
3 ok 28 AFEN SAKSE AAANYE 22 34 2aHA e
Atk 1 RA ol FAFY KEAE] AL YY) WEY ot AEE
i S92 klkRLI#Ee=Z pH 50~53, FipesRk 78~190% € H
% #8 5B 20~30ppm AEEZ o AusAwHEI &, 199]) FErhe
ol Ao MEEES BFET ARolTh Y LBIEKZ LT Z2E
A& FFFE AL £ A FAH0 X 28] wiold
HE AFEY BREZE 1997IE AZE 1449 & A4 12 20879
9 12%(AFE, 1998)2A4 AFE E7 &5 F 3WUAZ Fad Ao Hu
$1c},
aguy GEAL KREES WAME W S ode BAlo. U*E
Aol AERET HE BRRE NEAQ02 Boote AYs Kkl
A4E W o)X AFOM FRE FAo AR AVE A T 4 A A
A9 FERxe] Hug NAdPe @EH D EETGY BFY 2 A9y
2 7t3Ex HuEAe 289 os 5 BAs gol WA= U AA
& JUAT AMdBoz Baxxe 2R ANgndd d AFE AT o
srin Az,

B9 BiHEELREEE FREKEDY N8 FRAEESE H1 3
o HHsRAAMN BHEs] Ae AYH BaE gdo] AsHA 47120
EEn L%, (A5 WH Ar)d, dadol #48 §Y B Hes
22 5342 23 Ao



7H&Ene o] B2 AFAF 93t 2 ARAAI FHEH ok FHi
e AFer] A HulAEFE SRR EG) FHY SRA R =
#afo F7hste Y £ ARWE R ONRE ZF23{vt Sommerfeldt
¢} Chang(1987)%°] BRIayer £ Z(19)E REFtEdN FEHL de
FUBEBREEN A vaERE T3 dTAM HulFo] FIETE AY
A HY AR EG ARy BED Bel2 BRFES 4T FhEte AY
& Byt A

hEE-S] MIRHIE ARl o ¢ ERELE ARERE THE AT dHAA
BBy MK 308/ha A&7 Toke, FIE-MBHIE T 42kgel dA
A Azadg 2ag v Yok BE g29e] &5 AujAle] ha' 4% 20
Bg AMEE Hy SiETg AlEE di B gylcEel 8% F7HEATE 2
aargen, 1993 BE FRATAAME BESY ERHERS RAEREL
34 EgolM ha 308 Y& 2astfch( &, 1994 ).

FK(1994)°] HA HEREHEANAN +8¢E A¥ ddg g v 2313 fH
BHEYOl AR #E A SFE 208/hac] HFada vt 8 §(1993)L KR
ol f42A HEHRFAE 100kg/ha FE7MAE EBR 2R AEF F7HEd
wele Bzfgel fedoz Frigled 849 A 200kghad Bx
160kg/had F7} A &3ln2 238 H&x+FE F2AATRL FAU

AFet e klUKIHEe] XES 22 HHSESE HEERSREC o
W% BE ol Fitm w4 $EE0 Ca, Mg, K5 BES SiFel A3}
A wsirEa JAcHES FE 1975). FHWEE=9 Young yellow brown pumice X
WKLol A Aebs AES MR, MK e, Eed, 78 9 Fa0t B F
a1 stEdE TE, HdE ¥ ZLEN RERATGT AH $(1975)0] EudH
th A AFAYe] kilkLE SxANAE BEY S22 2 75T KEE A
ol Watd A77 o) R v7l QU AFAYG KFEEF(R F, 1989) 0%



T3 E 5, 19009 FxAA P Y 7te4S Bag v Atk A
E Oghne] BREMAA e FAE Bt ha® Ze) 200kgA &4 A= 1
gt W Mg, Ca ¥ Na@@ol FH& ZF4E EAYT €£30191)0) »usch
ay BEgo] v ANE AFE KLKLES] xAGM 2= F@RHEY A
WA ol g F3 EEEAES] vaasg TYss ATt olfeq dst ¥
Z i

B AYE AF KKLE z8tedA e Bt e AL 2FEfEe ARLE
ERANA Fi MEKES neiRE 797 A5t 2049y ANEE F9ssd.
Al TelMe BzelA A 35F(0, 150, 300kg/ha)S R = F UK K 4
720, 3, 6, 12ton/ha)E& MEZ A3, Y DolM e Fiish kS
2ZEMEEFS FT2 Y BERE NE&T-SEENL 8K 0, K#E 439 12
T BR AFY 1/2%, BED 258, =2 458)S MERE 448t



II. 8/ & &

L 7t5Es A 83 249 A4

FR7MES HZ FFAE A PEsA g el vl HEHoR dA
¢ AN RES N A8 RESE SdF F4EE FHANTIHE =
Hata gl

FAol A FRe S A0 ot e FAEn GYOR BERA
WK ot e 75 Ex AHEAZ 24499 BKX BEMEE WeEn gid.

oj9} ¥ MEMBFE AAALE HEd7 8 o8 FAg d37 595
o] &tk FE(1987N)= KEFHRS AHHY o4& 715ExY ETF R
a2t APzt v Hen E ALFS Aotz @ AU e
T 2 8% xAd gaA A&FH A&y eiel ezttt M th(Van
Faassen ® Van Dijk, 1987).

T 7FEER] HHH Y JolH HF(1996)S TS FE E£8, B
BES #7]FE 8 400kg/har-&Al HEGAE +%, NEL R TDNe] 2,282kg/ha,
69,900M]J/ha, J.8]1 6,392kg/ha®Z 42 L £%FL BAYI ey, @8 5
(1993)2 ZA)9] A4 FUl& 9% 822 N 100kg/ha FE7AA A= 7}
ZHx N9 A&Fo] F7tel welt ¢39 F7E 2govt 842 200kg/ha
S 715 Ex 160kg/had 7 A8 Pdou o8y Fix YUAFE FAANHA
o ahd
Study 5(1995)2 4EWAE reed canarygrass R ryegrassol Al-E&$ Al gl
A reed canarygrassel FEBIES] A& Fa Fxo YA Ee HES B
Q1 W, ryegrassdl AT 2 Al&0] FIHAE £3Fo] FA vt o] EHE



of Wt & AHE B Ao &8 A3l U E Wolton(1963)L HREH S
2 NAEFE 37 Aoz RE RAH EidM DM$%, N#3, N+F
o] ZFrkatdeont, HERMAES ZAee FIRE Alrt fdidx ATk
Wightman §(1996)% 4 g8 xset i L= AAE HIF A YA
A HBEwTF & A4ERBY WEe] AMYE TG st 2
FFAA A2 & Aot AREd )AL & YR uoe GHEE H5
& 7% whd gR] AAERE S NH-NE #$4de22 & 44Ewd)
Hl8) RAR HEA FrElstAl AEstng T4 HEEERT 243 o
A A3E Byva s

#-5(1993)2 OrchardgrassiR&fiol A A ZDOM)THS BREET Al &8 &
oA Bt} 84 100kg/hag F7F A Esto 22X had 1,354kg o BkAITE 9
200kg/ha A& TolX e 3286kg/haZA F48HA Z42E 2va sk @
%(1993) ¥ Stadelmann (1985)€ &4:220kg/ha A& Al £ ZF7bo) uwhg}
ZAFFo] A&H o2 Fr3Hcta B8, Ermnst(1985)% AAv 29 7}
¥R F9 F4d4 IHF 300kg/havt HATEolgn Bud ). 300kg/ha
Aavlge F7H3Q dd7H AgEAd WE AT (Jones ¥ Roberts, 1989;
Corre ¥ Dijkman, 1988)dl Xl 9T ulo]l ALY E 450kg/ha7tA] F= 71 A 63}
224 mWEE F77F ddds da § 3 230 o 7hA 2 wg
chEtA el TE Fnogn Eieet setulael Aiztel HEWGKI Sl
& ¥ &

2. FUMEEESY 543 ZE A&ad

ZMEERE o4¥ Huls AYL RELH FEE UALE FTIHA FF
T FRE MY BFE FINA E2FY koBKE #U1EE EHEA &



o Egel A8 Zge U gio] uAe AL ot b AeiE 4

T AFh HH|3F 20& FEE MAEDS FH0 d9e I%RE
), 2%, % ¥ A4 F9 Fdo] et £EY £ HF 75~80%0]
w o] A= J@EMe FA FormE £yEE E Fi HE, 4A 59
Y FAES FAARA SR AVre $14F G4 AAEA @ §
718& MAste AA2E TEHA =W T4 v Eo] £Fo #EHEE He
F718& sy olue YA A7t 4 HAsd F&53 sEFLE
A 8HE %, 1999 4 F,1997).

Hul g o]&HE FAA F FEL FrAdol wol #EZEA APy
A7F b B4 AAdde o BTk Hige] & fAV fESIT R AdEd
OFE olE FAAEL Tadoely AFE29 o] Fo} EYMNM A}
£ Ao EFoltH(F T, 1999).

EULAIEE RS vEd #F AT on #e dAFAsd oo 79
=ol Rt

ZbEE LEEY AR o3 AAvE AP AEWRE THT A7 ZAAdAN
SE+ B BEBEE 308/ha, ASTE Tokg, FE+FUBMEKES 42kge]
AaNv] ARaSE 239 v vk 2 GF2Yo| S5 AWM had
208 AT 43 £IETE A8 23 B AEFFo 8% FUHEHAT
3 HmEgen 19939 ¢ wEAFYL SE+8E LEHY Y ANgHFge
TEFNA had 0EYS BILFAUTH(ZE,1994).

4(1994)0] 49 BAFFHATAAN $PE XY 2AE 22§ Hio) 3}
A AR EZo ERARE AEFL 208/ hao]l A7dvia s A 5(1993)
e F5&2A0) 84224 H2AEF 100kg/ha FEHAET £x F48] AEF F
7boll wetd Bx4Fe] foHoz FrPo v 849 A4 200kg/ha FE
A Ex 160kg/had 9313 EEx4FE AAARAYL FHW. Lambert ¥



(1986)ell o8t dAaAGo R golag2e] E4974 v F7/HN2Y €29 &
9 K € ddE L2 gtk ¥ Chapman 5(1983)2 €& A&
Ft B2AME AAAGFE daA o8 o e /7L Zol7t o1
S5t & L peremed B97 £t A2FANEZ T Agrostis sppd
a8 v F2UDL AR/, Olsen FA9TN mE2R Hu|F HEge] &3
ETE JESERS 22 BRG At3 392 Goss F(1979)9 23 AgH
alfalfaziv] A golA & HMBEKES PotAlHoAE #BATe] #Ego] Fug
B R T Btot okAHA AN AL ARE ¥ u FulF #Hke] HIF
& RI3Hch Elias-Azar 5(1980)% Fu|F 4k oj&A4d wis e A
& 93 dv. RA9W) wEWE {7|EY £ilE Cadt Mgol &€ sy
K@ BReE vl vk EdAF YAHE UL BEgec 3
Abolm Ako] 7 ¥FE UG ¥ EHAA EFALY 78%= o)F A, 5%
© KK &ddn Rusdo. Hule /718 e HhEe 2% H
72 A5 HulF A o8 #MAEY B 99E IOt ¥8 BEY
3 Qle] AP =t Ao EE-FUBL d9d% 98¢ A €

ZA NN EFH &5 A9 =¥ AL A4EY {718 oL4E AT/
the B3E §12.7(Brockman et al, 1970) E% €A FaAHE Q49 F
7 AEE EAFT @i A4ty v go] Fri8 7Y 9% £ A28 ¢
214 ¢l tH(Bromfield, 1961).

dapth =A% Qi &4 Frige dojuvy Q4L oW AES #
71z daEo] dol A EthHBarrow, 1967). THIF 9| 4te] #7857 )
Al B diel A9 HE(C/P ratio)e A4 F7)Fe] F4¥}L F9
(Bromfield, 1961) fM{LEEEE Ak wd =3 74 dH {782 7
H Fo Fgol Busn gvk(Barrow, 1967).



3. 75 Ex A& Fxeo &if%S 3 v

tE2Enrt FE29 FU1YEEF v A I gL Bagol ¢idh
Siegenthaler 5(1994)& 2 Y AL o] PH Zno F57F &
Avtil At Studdy F(1995) R Frame F(1991)2 29 BWRER A& ¢
2 FVMAA 238 NS 2ANE 23 reed canary grassolA 713 F§t
o1 Klausener(1995) H&7F N§F8o] wvia H7is ot

g3l g F7E8F A disiME &b 5(1992)9 AEAA HE N
FE 282~298%EA & 2F5E 25~4.0% 9 (Fink, 1982)0 484
o A4 FE 041~045%2 A Yt oz 71&o] AT HFF 04~08%
9(Fleischel, 1973; Fink, 1982)¢) &3tgict. ol oidE 290~3.35%2A
HAYF 20~30%(Fink, 1982)R T o7t ®5he® Vetter(1986)%E MEAES o) A
Zrelggo] Bt Baug

Eg Cadl QIME 070~087%2M Finkst Steffens(1989)7+ Rud 1%
HAare ZAMRWOE 0.7%AH 27t = ool @dvke mug At 34
=

Mg@3F-e 026~032%=M Fleischel(1973)9] Baud HAU 02~025%%
H &g d43E R4ty sk

®% Ca : PR3 & Menkest Huss(1980)% 18~20 : 1o] Haicta 3
ol AE(1992) A gl A FHI AR F7F 159~210 ¢ 12A 73 e]dF o Aqvk
il 3t Ca @ PHl &L oA AF Fr|ANE 9 Q40 && 771 447
+771AuaRy @A43] Egto dHILYEF AlE FoAAE FrIEHE E&
TR AT AL T @AY g st

B Exo K/(CatMg)EREIZT 220140 HW ol #Fqo] WA o} &
Ze FAo] AxY B B o} eH(Fleischel, 1973; Fink, 1982), 7}& el mrh {&



MgiE(Grass Tetany)%A7Hs 8.91°] ¥=6l(Fink, 1989), THIAE A H G 5,
1992) 2 e e 118~1582A4 HALES B Cat Mge &9 KIF
o AHE BAZ ol BIEEE <148 HAHY Kol FFH2ZAN Ca, Mg+t
#HF3lA o]Fo] vt Henkens(1985)7} B m&}¢lvh,

Eg McDowell(1976)& F7182 d¥, 3% R FdFoz 7159 44
4& AA ARHANL UL, o] EVEL F2 Ca Cl, Mg, P, K, Na, S, Co,
Cu, I, Fe, Mn, Mo, Se ® Zn Solth 71%dA ol F7]|&& U5 F7E0
M Z) o] webM = Cu, F, Mn, Mo £& Seo] #al5xo] o8 Hixe Fol
Ao stg ot Ammerman $(1972) R Peeler(1972)& F71E g4 A&w
Aol wtet kel 2A 4F%¢ o sPen FEDY AsgAE F2
Ca-P, Ca-Zn, Cu-Mo, Cu-Fu, Se-As, Se-S, Fe-P, Na-K, Al-P ¥ Mg-K¢}
2ol F33ke] A Byt Fof A4#E UG YL B pHHY BA
q M= pHF7IE Fe, Mn, Cu, Zn ¥ Cox #4sdle ¥d, Mo, Sex- &

7tk &% ch(Latter, 1962 ; Pfander, 1971 ; Miller et al., 1972).

4. 7158w A 43 EGr|dE9 93

EYTde L 7Y BEEMLEM(ndigenous microbes)o] MA3tn
H olg UAEEL 53 A TAYez 45 @dd9 Uy] W& A
AR AETde 8% £ YEo UHY BAE /X3 Uk o]E wAE9
Hol7l He AEWd o ZuEe RHEAd R E%GF {780 nAEe]
Hol7t Ha glow Hold wet o +E dEGL KA T, 1997).

EY¢vAE, 529 % € §718E 39 #Ad dF SUdTI ¥R go
Y U= lowa StateF H 12| Samania Khalil 5(1992)° &8td <44, £



el F71* F 74 Fungi(Gigaspora margaria @ Glomus intraradices)8& 3
TR AN Fo] R Ege] AL FAI Fol BFFRYG A7) Foto
B F FFLNE QAT YKol g HAh FYth. NiHEe UM E &4
FU F FF0 FRE AolE BRI HHUD B3 e glakolgo] o
E FEY BAY Aolg By a9 vHP<0.01).

E¥ Yost &(1982)0] M AE HFo o FF(Cowpea) R F9 V&%
of PN Gl Y A7 A HE FFA BN Ca, K T30l @k
I A Ay #AC ddvia 9

Hume 5(1988)& White clover(Trifolium repens)d| #4:EfEal HilhiE
REAAM Glomus mosseae fungus®Fo]l 94 $FF/1E B £ ¢
AR FE] FETE AT BFY FH

ojgt o] EF WAEL EFW #7118 % FU|EY @ we} o)A
HE, cdEHY 42, e g4, AAEFY 44T EGEAF 2AARA
EFY 4 Ao & 4% fA vty BG4 M ug 2Y
SRR ¥ EFY BFE UAE & AT 89x10%fug”, MmgE) 301X
10°cfug™, MRE©) 73.4x10°fugoletn QLW F, 1984), £ Flanagan
3 Veum(1974)& &5, 4%, d2F° E4 A48 § 2 43 @A)
w9 39 ™. Doemel ¥} Brock(1970)2 HE #iwel 94 FHve F89
FFe Aol wel 34 WE g ok 3 AT FH6 wEA
< Fg3 el v JdAdd ke AE] % ARG Ay A
7ol 9 FR77 F7F $tda A vHAgnihothrudu, 1955). Bull
Slater(1982)¢ E %9 doig Ao o EF uYgo] IA WEH F#
o] Ftti HI IHLH(HF, 1984; #, 1998), & ELIME pH/t &4
Bacillus/, & YctEPseudomonash, BAREI el A F, 1996). #71&
%t 124 BacillusBtols x9 A9 4ol U #71€ ANEHYE

- 10 -



FA = ez AA 7% AT S o, 1998)

g SAR B¢ g8 AFE EFANE 10°BE F2AAE Kol
A&Eo] FHAURI RusALHG T, 1975), F(1986)E AFz ¢ EF &
7t oelE HAE BEE 4 EG9 e Fd v A7E 1/10 ~
1/100M, $RE +E 128 AXoln AFH MR FHe s desdty
AT % Rizobium sspsel AASE vl&o] i vt & F(199%6)° F&E
o FHe BYAT BEHME E¥ AT VAE F& A vl std M
o] 17x10°%fug”, HAREBSX10°cfug”, MKl 43x10%fug '3 3,
Vescular-Arbuscular Mycorrhzae(€ 2 )€ E%% #9 F48 Sl &
€9 A&g FAANIe Aoz HustAch(ZE, 1986 # F, 1997, £, 1997;
Samina Khalil et al., 1994).

THEMEYS] BYE EY BEIF Z8s=d(Bolton F, 1985) 4aHHd 9%
& U BEA 93t o]Fojx:;, o7)d] BjdtE LFEEEE Phosphatase?] d]
A e & tol= Phophomnoesterase?t 3 8.3HA1 28-& s M1
ol A= AtdPhosphatase®] #4e°] ®vti 3tETh. Phosphatase 4L 3=
Ao wm ged EXEEKd Agd 2D 25~30CxHz FAEH
(Bremnerand Zantua, 1975), % Phosphatasei®&td & E S35 9 HHER € #7]
< ®FH ERMBRT A2 #Ach(Gerritse R Dijk, 1978), E@
Trasar-Cepeda$t Gil-Sotres(1987)& M3 #uRE < Phosphataseffi¥ < 444
EGNA gl #71E @$Hol ¥ AHEFNM = A4dPhosphatase’t 54
482 sto] pH7F 5904 64le] 4 | MR BT A MREE KRt
o] & EEEA Cellulosex 7189 EfAGFo CHPY gl Fa%
AL stedl F71EA 80l SdA A AN EEERYE Hikel kol
WA €A A oH(Kleind Koth, 1980).

olo} BUdY REHMKAH 2T Cellulosed] Ao Holdttu dFHtHE
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5, 1988). EY¥A7IEde AR ULHA B L METRY diFEo)
5% 3¢E ye2 AL ol Mk ofste @itEo AEd F54H
Tl 718 £men MEed o8 AdEe 398 NH., POs, SO
Foli, o]FA AP EAY EFUdAe &L AdURAE Co Bk
o3t F LHERFY 2-5%°] o]23(Jenkinson R Ladd, 1981) #7183
EHRH FRE 71X AT Biomass C/Soil C ratios 7%, A8 3%, WfF
Sl we MRStz 8 A h(Anderson ® Domch, 1989).

E%Biomass CES EFUE94E UWHT @AE 71N A7) Wid 234
EFQ Bfde ARE ALt MFYE Barde] U pH 43~649 o2&
Eod HKE AE% Z3} Biomass Co 30%°14 Fsbetduia sl
(Adams et al, 1983), A (1997) = E%FY MEVRES ol AT f71€0]7]
Wi @9 WA o Mgl B o] AMEBRY Kol v UG B
(1982)c A= E%9 Biomass C¥ FEAKEHE] LKL EEC 3 99
o] 84Kt wrta P

AFAA F71EAEd wE JERE #SUNM LE Aoy Eel Al
e A7 BA 43 53 AFES EYY #M4Y H FUE A48 1EEx

AlE FEd g L# MEW H Bl e ¥ ol
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m. #8 2 5L

<A I> daHs9 w3 BEKE A 8o A9
AT EFE A= 9F

1. 714=3A

2 AEL 1997425 1998 10¥7HA] #MAER BFAE HWEETE &
Py ABEHBANAN AAEA0H NP7 Fete] AFAGY 738 A
FE ¥971€d AsolH ® 13 g
E 1-1°14 He uteh Zo] FdEq 19974 9¥RE 129714 Hda wls:
T 2EE HPot FFE 4FEE 10€0 A U 1Y 2A =%}
o,

g vhgeld 19989 7, 8¥e 27 HW Hoh 1THE B¢ e fos
Z Apolg ¥AA XY 1976 SUNRA FS$Fo] WY B} ¥k 797 8
H ZA5Fol Wd mo @t
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Table 1-1. Meteorogical data during the experimental period in

Cheju—city*

Month 1996 1997 1998
Lo, " on. Suplgnt 107" FERY Sunight jcen TECB sunighe
(C) (mm) () (mm) 7 (C)  (mm)
1 59 299 8.2 52 236 768 66 1702 492
2 47 21.2 95.6 6.8 26.6 1145 3.8 59.7 110.1
3 88 1141 1321 102 721 1791 98 1104 1646
4 120 355 2283 143 1708 1994 161 1962 1344
5 179 572 2228 190 746 2290 188 1165 180.1
6 226 2237 1377 229 792 2133 215 2283 1225
7 251 487 2152 268 1082 2038 274 1115 2126
8 273 1117 2366 268 1613 1612 282 768 2324
9 231 78 1940 230 448 1820 243 4130 1570
10 185 1004 1678 183 45 1984 197 701 1332
11 132 788 835 143 1577 903 134 196 1699
12 90 518 1239 93 760 623 89 107 1366
Total 1881 88L0 1,247 1970 9990 1910 2035 1583 18026
Mean 15.7 164 17.0

* 1996-1998, Monthly meteorological data in Cheju-—city.

2. Eg=zx1

EAgAY EFS BERE KURIEOZA APNZ A EF HLH
B Rtk E1-29 #kew pH 523, OM 7.54%, P0s 7.56ppm 522 HliA
Aukgt Ego)ut,

Table 1-2. Chemical characteristics of the soil examined.

Cation exchangeable

i ble . Water
OM N POs capacity Permea Grain
P G6) 00 fpim)——— I S density 5"
K Ca Mg Na
523 754 022 756 062 022 041 027 0.10 2.42 434

-14 -



3. TNAE R ANYPALA

B AN¥e ex=ad2(2Bkg/ha), HHWE gholadA(10kg/ha) R HolE
A2 W (3kg/ha)gd FAZFLEZ & AN +PEHRe F2 FFIL 1997
d 99 1791w

Ad A ARERY FHE A7 (Rumex acetosella)™t # 2 & (Ambrosia
artemisfoia var. Descourtilis) % Red top(Agrostis alba)®] 3@ AH=zA
AW #Ebhk £ NILE AAEAT

ANgel ol & B Mo ARUFE E 1-39 gov FAL 206%,
P05 293% % K0 1.23%%& =3t

Table 1-3. Physical and chemical compositions of Swine manure examined.

PO

Water OM T-N ° K20 Ca0 MgO Cd Pb Hg As
{ppm)
% ——ppm— —ppb—

1556 4646 205 293 123 883 141 170 170 380 ND
* ND: Not detected

AFAA(RE 1-4)= oHE REEER @ 3@#E X ME 4EH X 3RE)eR
FEE 44 3FFSR 0, 150 ¥ 300kg/hacl N MEE FY BEEKE 714
Bl 452E(0, 3, 6, 12 ton/ha) 2.2 vl RSIR o EF R Pl 2Hz 200,
150kg/hag Al&3tAth %9 Za wAS 4FA KEZ 1/3& AR
UMz 2/3& 54, 64 % 990 AREoZ 33 EAs4ch
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Table 1-4. Experiment design

Treatment Details
( Nitrogen licati te -
Main plots - oeen abpucation 1a 0 150 300
kg/ha)
(Swi
Sub plots wine manure compost 0 3 5 19

application rate . ton/ha)

B A AHgE Y BEEES A4 AFALLE FEF/IAA Ay
T2 @AEE7el BNHD e RAeE FERFANAN KE R £ 2T #+7
EgH oy ke ¥EH 40 6718 A= AQ SAANA FEl RAH
Fejell A ol &H T HUNTh

4. ZNGE 8 2APEY

ZANYEE B2 LWHRE, MAERKE, W HRY it KB RSE
E 9 B9 H AW fEFolvh A8 dIFsw= dT 58411, 510, 6.20,
9.5, 10.25)01 dA AMH A3, AT FHMa s ZYkES ABE A 1m
X1me AAHNX FZxE dIH3tq 100ge Hdo AxAdHE 2FE BT
¥ 80C dry ovendl X HUZAA 23¥ FAE PYhkBELRE A, E¢ 2
FAL HEE A3 &S HARKEKR 3

E%o HEAY HEA oiE £4(@H, T-N, OM, P05 E#fi# K, Ca
Mg)2 F&JAFH £441988)e &3Qil Z29 NEZFL micro Kjedahl&
FIHAst AR F(AOAC, 1984) thfatk(Weatherbum, 1967)2.2 Ammonia
€ A3t

Exo] 87182 Yoshida(1983)3el 213ty F&3led P U/V Spectrophotometer&
ol-g3ta K, Ca, Mg, Na, Cu, Co, Zns2 Atomic Absorption Spectrophotometer®

%74 3l 91 tH(Perkin-Elmer Corporation, 1982).

_16_



Bze ge2 54 F Tillers] st #z L#E2] vl &ol @& Ale EE 15cm
9] soil coreg °|€3td vl T 2XHAM YoAZ FRARE FHFAUT T A
BE EE NS ¥ 2FEE £H8 4 7E2 4 2F9 Tllery 8 =4
stk o okl LA} HTHRZ Yol dry ovendl A EEAND F FA
& Ao WwTHS H&& AU

+EMAEWD BT BAE dolry] f8 & AET ¥ LEABRE =,
o8, 7H& 3o A A KE HEE B MERKES ALTE
e LEMEY T A7 A=AE ot

el e BmBPREE olddtgler 8T 4dd HESAA BR
A 4 Bl 7 MEMY e 39 FREm Lo Jdebd colonyg 44
A F Had &g colony/ZB M (colony forming unit : cfu)2 EA A
4 WiES BBEHES SHEE MEY A Yeast glucose agar(yeast extract 3,
glucose 1, KzHPO4 0.3, KHaPO4 0.2, MgSQ4 - HoO 0.2, cyclohexamide 0.05,
agar 15g, &K 1,000me)ol EEY F 1R 7Y Fo, HMHKEL Rose bengal
agar(KH>PO4 1, MgS0s - TH20 0.5, peptone 5, glucose 10, rose bengal 0.033,
streptomycin sulfate 0.033, agar 20g, 7@K 1,000me)ol #EF 347 12 FH
colony & Ft@eti Mol =& Hel #HHEE 13t b A s

5. Btat v

AMPEHE DBV (Statistix, 1996)FF FAHe] Ue Ao ROEEE
(LSD) &dte] 2k Agde] Hidg wasiglo.

=-17 =



<HE I> 53 mEE¥Ee A go] A 2@ 2uz
AA Q] mHETF EYEA A njx)= 93}

1. 3 9 713=x34

2 NGIE AFA oS AFRUR FHAG B ASF AYZAY ]
E43 FA)AA 19069 10U¥E 19989 108747 +982 AYEFE A
Y19 X33 o] ABA TRl e A5, HAE, red topSOE 5
Ae A A REME ols F2E 39 F AL AgEgoz
o g3hsieh,

AYATER AFAY AR E NG E1-15 2om BRAAZ AT
£ $d71¢ 49 ZAGEE o84BT |

2. gz

g Agol +9% TP AW BHE 2-0E AWl E%T vksA
pH 524, HM%& &k 758% 2 HAMMAEE 803ppmAEZA Hud Sl
o,

Table 2-2. Chemical characteristics of the soil examined.

Cation exchangeable capacity

oM N P:0s (cmol/kg)
PH (%) (%) (ppm)
Ca Mg Na
bh.24 7.56 0.23 8.03 0.61 0.21 0.41 0.28

- 18 -



3. 3AA =

B ANEE Fi MEEE A$5R0 e sl 2BIFFAHERY AN 2
2ok S4WstE uwsly] 919 HiE @ 40kg/had SAE T2 Iokg/hash
Zel 29 Skgha2 EFHate] 19969 1090 st 1998 10¥74R] Al
ol #PHAt. 2BEEAERAMNE ALZEZA o HET SHeladll2E o
FAEZA ARR)E TG oj&stdey ASARIE oHY Heladie
40kg/ha® 1996 109 593 19974 94 1399 27 AF et AgAl2d
B W olggt goladls FoZ 19973 74 593 1998 64 270
2z} AO0kg/ha® HF3 A

Table 2-3. Physical and chemical compostions of swine manure examined.

Water OM T-N P:0s K:0 Ca0 MgO Cd Pb Hg As

%

—bpm— % —ppm —  — ppb —

3125 3079 158 259 104 1068 214 122 573 1210 ND=
* ND : Not detected

of Al o] 4d F BEEKES JE¥E E 2-39% #3id o] 8L AYI
o A B} £EFF] %L AEWEE] EUch

Y BEREL 224 79 2EBFEEMARRY 3F3IA4 712 A%E 1357
A3t ot

g3uld N, P0s R KOv th&% Al dAAA GG o] Alg3iRen Hi
i Alele NEIS WES A SHT. 2EFEAERE 3N BmBe E
B2 A das dee XIER 1/2 EIEE 12€ 74 5o FHEstd
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4. N34dA £ FAEH

ANYLAGE 2-5) SHEELE F 6EIAT. FEE X9 227 FRH)
A B2A 24el%la, MRS 6REZAN T(EY B8ICH FAS+&EER
(N-P205-K20 : 200~-300-200), TAF% BMKE A Fe 12+IEEES 1/2),
Ty(FY BERET 3F  108/ha, TJ(FY BEBREDT 3F 0 208/ha), Ts
(B BEEET AF] 29), T(FY MBEEET FZF 42 wix A
ANEAAE SO H(Statistix, 1996)F F Feldel Ae A5 F2H9%
(LSD)d ¢f8te Z Aeizre] HF & vadgoen FESG ME BRI xH
4L HFsuoh

Table 2-4. Experiment design

Treatment Details

) (1)Mixed pasture
Main plots ’ ; .
(2) 2eropping system(ltalian ryegras - Japanes millet)

Sub plots level Ti : No swine manure + Standard N fertilizer
(N 200kg/ha + P20s 300kg/ha + K20 200kg/ha)
Tz : 50% of Standard swine manure + 50% of Standard
N fertilizer
Ts : 50% of Standard swine manure(10ton/ha) + No N
fertilizer
T4 : Stalndard swine manure(20ton/ha) + No N fertilizer
Ts : 20096 of Standard swine manure + No N fertilizer.
Te : 400% of Standard swine manure + No N fertilizer

5.

N

AR L ZAEY
FARES Hie] g AYIFH Fe) Fxo HWkE, MAEMKE KE
9 Hp R EYY BARH SATE ALY Fx29 BhHlE x4
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REHe 2 B oA B4 5 A9 12 1A 2E ez 2N
Y,
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V. &R 2 H%

<HRE 1> dxdues By MEEE A8 x4
o BT EFEH) vR: 5

1. A A4

7l. A8 %

BEET Al8-3 2RO ERIEBE F7t2 A& 529 AEFFH] 571
291 o8 d7AEd o8 EaEAHE F, 1993; Stadelmannet al, 1985
Ernest, 1985; Roberts, 1987; Corrie ¥ Dijkman, 1988).

2 AYe Hx+FEx g Bante] AEfFd o diuae §UHEKES
B A4 Ade ® 1-50A EE upel 2t

E 1544 RE upel o] A4uE  AHFE 0, 150 ¥ 300kg/hadll A #K
Begze A W mylEel &4 2 7,715, 11,574 R 11,709%g/hag H R L
o EAHeR §94 Aol HPYOW(P<0.05), BAi 1507 300kg/ha Itoll
Fod ze)e gidovt Ai AGFo HEBFFo] FAE By fexe=z

FTE A

B A Z2E ALY E2WNY AEFH d@ AdxAEFE A0lE
= BAYeR B2+2 AH} YT AAE HAMIHE 1-19 2aH).

AEANEF F7te] wetd Hxe AE84Fo] Frhdke AL A 299D,
Wilman 3 Holington(1985) ®  Sollenberger 5(1984)8] R3¢} YX &%k,
a#y A4 200kg/ha FECl @REAY FAE F2AMY AREca A

-22 -



(1991)e] Baatgort B AdeAe A 150kg/harl &0 FFFFEoez g
g} oY diE SddA dutAEe AL 150kg/havt A @svke 7t 9
o] o] Azet YEt B 5 Yt

FE EBEE ANSE 0, 3, 6 R 128/MhadlNE 4 Z 9935 10,768,
10,292, 10,335kg/ha®) H& AEAAZFE Hojx YR FAHLE A {9
2 F7HE RATHP<0.05). F2E AY¥ Haxvwrd JA8FF ddto 9
MK NEFEd A8 VS W gA FAHLE 159 F93 A
olg ANLH 0, 3, 6, 128/ha Al-&Agd i & Z 6110, 8549, 7,684, &
6,886kg/hag R E& 38 AlE&TFAAA 71 & Ex09 AE4FE i
FAX{LE 1% FAE EHUTHP<001).
Wolton(1963)2 7t&&x9 A48E F7HN722 BE g2fZzd4 AE
FFo] FTHEATGL 3 2 AYH} dAPod FAFRAME FHE Ao
£ 4x XA R Wt BF Studdy F(1995)2 A4Ex] AEFE TR
29 reed canrygrass® VEFLFL F7HHUO ryegrass ZAME &
Al deEos &4 dda G 2 # 5(1992)2 $EoIG EEA
4 FF FUEE 255y ARFFE £97 FME 4 EBHAdn &Y
€ Aga dA3A Ry g fH2P) g} EERE ALEAHI} X
o] &g Ko F1 9ld

Nielson ¥ Steffens(1994)¢] ¢jdhd koA LAY ZE9] vETHFE
N:P:K =150 : 90 : 150kg/haql¥] 71&Ex2 N& £93l2ld had 1508
g Algof dtia sgon, e & BWRERE 27811 kgl #Hme
HA WRERZZTE, & RRBELZ 128, RERH3SE, ABE3IBELE P,
KE #%8u Nol disiMe FELTHS 237 s8 &7 o dvin 3
F[rt WA 7SR N uE $7tA 40 87 Hed Emst(1985)E $ 3
& 300kg/hao]l #A $Eol#i 391, Roberts(1989), Corrie ¢+ Dijkmann(1988)

- 923 -



© 450kg/ha 747 AlEA ReAplcEel FIHEUTHL SRk € A gl AL

Y BA BMEEY B+ F AL 206%2A 3BF NYFE bk, 68

A= 104kg, 12€NA= 209kge] &8F H Yooz &HE

150kg+=& 3&(F

A 52kg/ha)e & A 202kg/ha 7t Hol H&7F 875 E A4FE FFAY)

T oUoa ¥ 4 Al

Tablel-5. Dry matter yield of mixed pasture as affected by Nitrogen

and Swine manure application levels (kg/ha).

Swine manure levels(ton/ha)

Treatment
0 3 6 12 Mean
Nitrogen level
(kg/ha) 7,890 7,630 7,850 7,490 7.715b
150 1,100 12,885 10,895 114156 11574a
300 10815 11,790 12,130 12100 11709
Mean 093%b  10768a  10292b  10,33ab

* ab . Means with different letter in the same column of Nitrogen and Pig

manure levels are different from each other
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Dry matter yield of pastures{forage + weeds)
14000
12000 -
E 10000 —
& 8000 —
% *§§V | (MO
B 6000 —.u: BM3
> | — |Owme
4000 ;
A e OM12
2000 % B
0 i N )
NO N150 N300
Nitrogen application rate (kg/ha)
12000 Dry matter yield of pastures without weeds
10000
w
£ B000 BMO
2 mM3
8 6000 O M6
s OM12
= 4000
[a}
2000
0
N150 N300
Nitrogen application rate(kg/ha)

Fig 1-1. Dry matter yields of the pastures as affected by nitrogen and

swine manure mixed with sawdust.

Ty S22 128 A8 ALY F 208kg/ha 7F Hol B2 Hh e T
FHEHAR o] W Fxre] VEFF] 4560kg/haz A Fk 150kg/hast EF
3B& TUHE MY HAESFF 10,796kg/ha) Bt €53 @& FFE Kol
AT
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714 AL AR E SRAHPNE A AL:5F 200kg/ha 7t HFEH o)
W di Ee =8 AT Agdte 3 By dAvEe f713 v R
& FAY Algde o] Frm RHelnh olgkge Aol B W Aa
150kg/ha%t E& 3E¢I 68/ha A= ANE3E o] EdEz Atk H g

fFoz Hol)

o279 H T4E

(1) ZAA RAPHHS] 44us

QO r
§ 80
5 2
5_. o | |@mNo
aR
a— — | mN1SO
& K] —
c O N,
g 2 T
S 10 —
o 0 )
MO M6 M12
Swine manure application rate {ton/ha)

Fig 1-2. Percentage of grasses in the pastures as affected by nitrogen and

Swine manure application rates.

¥ 1-2004 B upeh o] RAR WES HAERKERS Y BEEE 5
Al ETE AR FAxrur A&Fo) FELF FUMAY. olFE FYL
A7 7H1991), 7 §(1980) ¥ Losper F(1967)¢] B IoAH ALA-&%eo] F7t
G4E ghed Haouago] S/ AA dA A

By MBEEE ANEFED Aol mEtM RABMRES HAMBEESL Aol
& RolA ¥drt. A F(199e] EzA A guAgEAE HlXIE AH
oM SFEFExe] ujgo] HuAl G wE aAE AA X ¢ A} dXF
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Rt

25
2 20
E @NO
R 15 BN1S0
d) | =
®3
€0 5
1~
a0 ; =
MO M3 M6 M12
Swine manure application rate (ton/ha)

Fig 1-3. Percentage of white clover in the pastures as affected by nitrogen

and swine manure application rates.

a3 1-3 oM Beulet Zo] selE F2¥e H &S FY BMEE A&
o] 713t maA FrtetH L AL E Al&F ol wakd FiEE S
ARt olgk Zo] AAxF A wat FHul-gol F2de AL Klapp(1971),
Voigtlander ¢} Jacob(1987) ¥ 3% 7(1991)¢ B¢ dA =yt S Bsg
¥ AEToA 2 A&Fo] Tt wtAM SolE Zzu e vl &o] F7)s}
T A £F & oo fhol} FdFol SR waA o
A= TA B FHEZQA FolE FEHTL ol HEE F ogdE=
I A4%E FYsA A daz 9.

Wightman F(1997)& FT#5Z9 w&d FAAHES 7I5Ex T Ao)7t
dctz stgevt & A vhd FolgAzt §4d g el B & Art

38 1-4v AN Ais 9 BEEEY AETEd mE A4 F
Z WHIE Rolx ey Axu Y MERE ANETEd EdE $hHA
®3ha gk
Zurm(1968)9] R iloA RAREMES] EEMKO) 65~75% WA Fole A
o] HA RAF RS HAMEK DL o), & dFdA HEaR Ex
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o} W& 30-45% A= BIHE A REAAT o)d FHE of AY X
%] Red top 5 HB3tA @& Fxuh FE7t BolM ARAE Sxsd Az
g Sgou EF 4o AW FE2EAI U wolstd ExE A AUAY
Re2 BT AP 276l R E pHE2DE A 2E F2e) ARE

A =9 Aoe B

m -
.§ 45
S
. ® ENO
g ES. 25 HN150
=] 20
] 15 ON 300
=
g 10
) 5
o 0

Swine manure application rate (ton/ha)

Pig 1-4. Percentage of weeds in the pastures as affected by nitrogen and

Swine manure application rates.

o Bz 983 84

1). §&9 23

Z2Ad M ARG FY BEERE ALSEd mEe sEA7E Ex9
Z24& 21 1-56% Zh
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Nitrogen fertilizer rate

Plant
length(cm)

o3 B8583838
1
g8

13-Nov-97 17-+eb-B 11-Apr-28 20-un-<8 55ep-28
day/ month/year J

o - T
/ ——0

30 3
20 - ——6
- e —12

10

Plant
length{cm)

13-Nov-87 17-Feb-98 11 -Apr-98 20=Jun-28 5-Sep-98

day/month/year

Fig 1-5. Plant length of pasture species as affected by nitrogen and sawdust

Swine application rates.

29 232 4% ¥ 609 W< 11¥ 1347 1559 AL 29 170t 49
1199 dauad FEd we 2ol7k fU. 2y 7| 2e] s Fx2A4
ol FEAT A7 647 98] Fiure A & v 23 T U
By FAHCE foF 2olE RAor AEFFH 2 AF}E B FUTD
&9 z2%o] 647 9 &AM FE WE Ao]E Holn YFe & A
Holl o] 8d Sd Fxo =7t Z2 K HPY "ol ohdrt Aztdr
Y BEEKEY NleEd ue §Adem 27 {93 Aole 19839 2
4 179 AAT EAHUD ©E AZlde FE FE Bk AuFE
BE od Aok A RPen #WMFA9DY RudF KEBBER KARC
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e 75 239 BwE 2AtE BRIT dAEA &4t Chang F(1993)
€ A% T 99 A fA2A0 "AA FEY AE4F Fo Ay A
zZol7b AUNTHE oA B w SR 81lo] ¥ & Aol ofdst AR
At

(2). %9 Tiller

7hH eAx=adgx

2H=a2e Tiller g7o] w3l 1998d 2€¥ 174, 6¥ 9¢ % 109 149
4zt zAbste) AavE €4 B BMEE A4eed ET0E vas B
gH2d 1-6).

29 179 Axv F3 LEEE ANFER BE E07F NSl
Tiller ol W3] #FHeZ FAFT zto]g UeuA X Hrh 69 949 A
Pe o AAAGEAE EHA wkoev B BEEES AE&5E0 5i&T
& A= adxd Tiller 71 Frtete FAAY FAXLE FoF Fo
g 94X Ryeon 109 MU= HeEd Aol A & A A F(199%5)L
FEaRFA A WREES Eugae] NEEAE v APAM F4a
3Fe HUEEET FAALE Huly kg AnAlelg A4 Rk
o H&g FAMAD et A 350kg/hadl AT FAHLE FoF Aeolg AN
o 3
olg} FAlRt @F A= WIF(1992)8] RolM RAR M SICKEARE
FRIYATE RV REAR RZAAM S&8xvt vg2Ae Ad7 o
Baet YA BHFA98)Y Buss dA§ Ho] @t
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(+}). Blo]E 2y
slolE 229wl Tiller (¥ 1-DGA 249 174, 6¥ 9¢ ¥ 10¥ 149
ol AV % AW xe)g AA £ g},
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The number of tiller ot orchard grass in 17 Feb. 1998
400
o 350
g g 300
0® 280 mNo
83 2m BNISO
E:‘:.. 150 0O N3O
.EE 100
3 a 050
Z ™ o0
M6
Swine manure application rate(ton/ha)
The Number of tiller of orchard grass In 9 Jun. 1998
9.0 r
8.0
~ 7.0
[= ]
; e 60
4 § 5.0 ®mNO
O & EN150
° b 4 0
b ":; 3.0 CIN300
5 8 2.0
1.0
0.0
MO M3 M6 M12
Swine manure application rate(ton/ha)
The Number of tiller of orcahrd grass In 14 Oct. 1808
10.0 _
g.:." 8.0
18 6o
2a ENO
T 40 B N150
2 € CIN300
3 8
2 2.0 l
0.0 1 I i}
MO M3 MB M12
Swine manure application rate(ton/ha)

Fig 1-6. The number of tiller of orchardgrass as affected by the application

rates of nitrogen and sawdust swine manure
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The Number of tiller of white clover in 17 Feb. 1988
a5
~ 30
B g 25
=s A m"
T = 15 e
o 10 [
3% s
0
Swine manure applicaton rate{(ton/ha)
The Number of tiller of white clover in 9 Jun. 1998
160 1
o4
B £ 12
=& 100
B o 0 @no
I 6 ENIS0
.E‘?c &0 0 N300
23 @ g
et 0 1 L 1
MO M3 M6 M2
Swine manure application rate(ton/ha)
The Number of tiller of white clover In 14 QOct, 1998
ao r
o n
8 E &
8 s N
o o 4 WN150
[
29 % E1N300
(]
z7 2
~ 10
0
MO M3 M6 M12
Swine manure application rate(ton/ha)

Fig 1-7. The number of growing point of white clover as affected by the

application rates of nitrogen and sawdust swine manure
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(3). Bz &7] R 45 Re9 UG

(7H. 2x =g

AAPHEEQ orchardgrassol Al &9 AY F£A &7](shoot) ¥ A(2Y
1-8)3F A3 B (root) (2 1-9)& BHF), N-JER = FuHBBEE N8
T4 FAE A Aotk KAM HEQ) orchardgrass®] A4 R X &R
FA RF7 AXHE £F Ee Y BEER A85E gd 54 A
§ Hola glA estrh 2EQY 179), AEH (Y 99) € 7HEU11Y 14%9) o
L A= Ad BAH FAAE AARIHAt 2H Y 19989 7H 94
ZALE Ao A orchardgrass A/4He FAE W BMEE AN&%F] 7
ol A F7hle FAelch

A 5(1995)°) FFaFEE oY Aiu el v AlGEE Zold @
HAAGAN FEERF &7 F7le B AT vt gL AJH] T
A R FAH Aok AN B Fe AMRANH AL BT BT
AgFulFeA FAXNE Aol UARXHZ FAck & AYAM FAHYL Aol
T ANAR 74 2 2AM Fi BEERE NETE St wEAM &7 F
7217k &olAE AL HxE FAZ BYY.
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Shoot dry wt. of orchardgrass on 17 Feb. 1998
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Fig 1-8. Shoot dry weight of orchardgrass as affected by nitrogen and

sawdust swine manure application rates.
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Root dry wt. of orchardgrass in 17 Feb, 1998 T
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Fig 1-9. Root dry weight of orchardgrass as affected by nitrogen and sawdust

swine manure application rates.
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Root dry wt. of white clover in 17 Feb. 1998
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Fig 1-11. Root dry weight of whiteclover as affected by nitrogen and

sawdust swine manure application rates,
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(). gelESEH
ol Z2H 9 AN (Y 1-100% AFHF(2E 1-1D)9 FAE o= &

AN E AoV BY BMEEKEK A& £EA20 298 BYe 1
ol 1A ki,

@ AT o Aol FAE o) FRI Wo} a7 270 Fxd
$3 BEG. BEA BFuLo] Re FolE FToHe gE 234 A¢ 7
ol Sy Avos BP0 BUSRL £ EF 2o e FRFLE ol
¢ Aoz B oY ol WEA AT A7t YA Gt A2
.

g Sz RIIERF A3

(1. 44 119 %A Bz F/1ESF
B 1-5¢ 49 119 %A 4 9 Y BEEEY Ausad wotd &2
8 g 74 F71E5¢F AE e

ALAGE F719 TEtA B2 N, P, 2 K §#3F2 FA3LE £973
F7HE Rt @8 §3 BEEE ANEF Fidd wEtN B2 NEFe
FaFHen FARLR F93 o)zt UNEHP<0.0L).

o Fr18 87%F3 Hxe $I)1BRY L Aol vlis B 9 Sx9
Ca, Mg % Cu T %2 das 2733 A9 vxddvt 28y F&9 Na @
Fe 06-09ppm WHEM 2227 % 20 ppm Brh ZA @si, ¥ Bz
9N P K Zn % Co &%2 7159 a7% 2o 27 4ok

Fzol N#t#e] HaiHlg FAd mHA Fssts AL P19,
Wilman(1980), Wilman# Hollington(1985) % Gaborik (1989) ¢ Z3}e} Y]
stdeh o] AN Ex9 N % 195200 mg/g WHE A9t
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Mayland$t Sneva(1983)9] A3sh st YU 22t 2o 10~15
mg/gol € 2 AE gt

2 AgeA B MEEE NS FF F7H dEd Sz NEFES #
Aoz Zadn YE © HE 2199 ¢EGH Ex FEYuE] Al FFo)
F7kel gl mEtA Frpgviaste] & AdAE Bolx Av 2 olf7t ¥4
AA A vt

Exo PEFE AAFA AFHE AU Wl o= Whitehead(1970)9] 43¢}
A stH . 1Y Gonzalezt Sanchez(1989)8] 7 %dle dad FAld 233
£z PE#Fo) Fadtaste Ede PEFold 7|F 214 wElN te 2
#E 2T F UFE THFT ATk

2x9 PHHL 1220~15664mg/g MHE 715 &7 3.0meg/g(Grace, 1983)
oluf Z(1991) o 23 3.0~40mg/g B wl$- Ekeh.

F29 K¥F: A4 ANEF F7H o34 S/t Peny 5(1980),
Grunes (1985), Ebelhar 5(1987)¢] AAuH|® FAE H2W K#§Fo| F7He
e B dX&dch HA(19DE K FALTAME daFAd &2 K#
Fol 23128 AU K 200kg/ha FAME F29 KEFol Fr7tevta 3o
EY W K3k g Zolrt &g 2ad v slvh

T BEEALY UE B2l KEFe $A4e2 F9x7 22484
ERch 28y 2(1999)2 4#Ed BERE ANEFE 712 289 KEFl
F7taviaste] £ Aol dst AXsA ¢gurh o AN FE Y £
o] A gFEo] tha HA ALY WEe] okdrt AT

Zx9 K#3& 26~39mg/g ¥ 92 Mayland(1983), Z(1991) % 41(1999)<)
oo} vxagoy /HEATH 2~6mg/g Bohe HF3 =k
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Table 1-5. Mineral content of pasture species as affecied by nitrogen and

swine manure application rates on 11 April

K/(Ca
Item N P K Ca Mg Na Cu Zn Co CaP Mg)

) - mg/g ppm
Dairy requirement

10-15 30 2-6 3-4 20 20 10 25-40 01
Nitrogen level (kg/ha)
0 195c¢1220b2992c¢ 321 307 0728 94 384 092 026a 1940
150 250b 1436 a3229b 301 298 0802 100 742 082 02la 2117
300 295a1522a3877a 29 364 0756 92 745 132 020a 2283

Swine manure ratesl
(ton/ha)

0 269a 1360 2751 340 333 0603 72 318 120 024a 2004
3 264a 1564 2837 371 354 0837 118 856 120 024a 1958
6 22a 1392 2729 266 310 0811 92 760 070 0208 2419
12 220b 1340 2634 288 314 0666 99 474 100 022a 2074

a, b, c: Means in the same line with different superscripts differ(P<0.05)

(2). 64 20U +8A Hx T8 #F

649 2099 %Y F29 FIESEFE E 149 HolZ Utk E 1694
B bie} go] Hx N, K, Na, Cu#F R KA(Ca+tMg)33FH = A2:=Au4
Eol F71d ndd FAACZ #93 F7HE JeERd 23 £29 Ca
gge Bl FArug FAZ F99 FLE 23UH.

Ty EeEE A8 e Ik A Bz K#gol #d3ez F
.

64 20U 89 Sz FrIEWFE 49 1Y TF A9 FNERSH
Hlws] & ol N, Mg, Na % Co #32 & dg7} fidon} K@ 449 no
69l F7Fsa AN @H P, Ca, Cu R Zn §F2 449 ) 64 oM 7
25 FAAG

B AYoA Sz Cast MgH@ol 483 649 Alele] 2A WS A %k
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o (99 oXNE ZYa gREA A Aideko) 5z 7HE Ao
2 % 5718 RAGA AT o F FrIEE oful F A|7] Apole] &=
¥ 5 71F 890 Hxdd(R 3FE) F2EF e %S F2) %
7] WEoz AFgch

Table 1-6. Mineral content of pasture species as affected by nitrogen and

swine manure application rates on 20 June.

N P K Ca Mg Na Cu Zn Co cap R/C2
Item +Mg)

mg/g ppm ——

Dairy requirement
10-15 3.0 2-6 3-4 2.0 2.0 10 25-40 0.1
Nitrogen ratel (kg/ha)
0 222c¢c 884 2855 b 345a 358 0622b 58 b 228 098 040a 1.666b
150 240b 849 368l a 177b 300 0837 b65ab 218 135 0.21a 0.823a
300 267a 753 3545a 166b 308 1424 a 70a 268 155 023a 2.772a

Swine manure ratel (ton/ha)

0 236 734 3004b 187 ' 325 1322 62 188 140 0.26a 2157
3 2356 851 3336ab 206 322 08% 67 247 120 024a 2399
6 255 848 3683a 245 328 0708 68 250 130 0.30a 2684
12 260 823 34.19ab 265 323 1172 64 260 140 0.32a 2442

* a, b, ¢! Means in the same line with different superscripts differ(P<0.05)

(3). 108 +8A Hx9 FIEEF

109 $8A0) Exeo FYEHHE & 1-74 Jdehdi ey Hx N &
Futo) AxFAld Wty FAH o2 F7h8HR(P<0.05) HE F7EL A
Ao g {23 zojg AA R N B4 BEEE MNEF Tk %M &
z9 R7|E#F ofd ¥R WAL A &gk

109 A Ex B7)E8E 68 48 A9 AR vud o 5z N,

P, Ca, Mg, @ Na §FZ F A7] T & A& Ro|i A ¥tvh. a8y
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Ezo KEFL 64 THA A Bt E%3 Cudt Zn¥HFL 649 A By

ok 24) o} F7hst AU

1099 Hz9 F718%8%o] Ao Y BEEE A&Ed BE Aot
UEEA 2 & o] A7l ZHe-Fo] WoHE 33E) A& EFY WE9

ohdzt 47E.

Fx ) Ki¥el 68 29 108 F2FU3L Cust Zn #Fo] 64ET F

7FE A

Table 1-7. Mineral content of pasture species as affected by nitrogen and swine

manure application rates on 24 October.

bem N P K Ca Mg Na Cu Zn CaP Kﬁi?
Dairy requirement ma/g — pob —
10-15 3.0 2-6 3-4 2.0 2.0 10 25-40
Nitrogen rate (kg/ha)

0 276 b 1049 1577 257 297 0802 167 690 024a 0135
150 297a 957 1554 284 343 1055 228 633 029a 0948
300 309a 962 1627 230 322 0987 163 1008 024a 1138
Swine manure ratel (ton/ha)

0 302 1047 1672 291 326 1170 16.8 470 027a 1.033

3 29.3 924 1495 261 329 0838 217 60.3 0.28a 0.990

6 291 1023 1793 259 323 0933 185 61.9 025a 1.229
12 304 939 1492 223 322 0937 173 1371 024a 1.042

a, b' Means in the same line with different superscripts differ(”<0 05)

2. EFE olsiga 5o v

7. E¥9 A4HF

Aavae FY BMEKE] ANEFEd ©E ES A428FE 19 1-129
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o, 1A2AH1998E 8H)d A= $ BMMBRE FAHE Asn AaAuH
9 Aol& UehRA @ten Fy BEKE FAHANA 4 150kg/ha M F
7t & Ao Hlshe] £ "otk 19989 1092 2xfzANA = E¢A
28FE FAR F49€ A ZRou By BEEE TS % EEK
# 128/ha FolM AA2AHF ©] B&FF E¥ 4 F: WAt

o)z AL 19999 1499 3XzAMNAE wRdA Ebgd, AME A
27t Fge F5EH 2% ¥ FRAJEFTF T/ AHHY %L v
NYEYY F4457} 0 10cm/sec ol BEH(E 1-2) EY Foll NOs- FH =R
Azse Aast 4A §€50 AxAHF BE EF T4 §Fx}o)st e
A gok7] qER Bl

J. 8¢ f71BES

B9 BMEE B B 4712 U9e Y meBRd Aa% 2 49
e gglon] 14 34 ZARIA WA HFe] BEES EFAVE BIE
/8 #A% BUHFig 1-13). ole Yt wSAEFol A Yeke A4
e ge Aoz AaxAuFol goldel we 247 A5 FAHL F
Aol Xske] Ago] Este) HL Wast Bekol APl WA #718Y
o ¥A Uehd Ao AZED. E@ 4715 UFo| 50% W BN sy
BH 12ton/kg® He)eted 2 ol 10cmol SHsA ERHAL F el 97
B271FE 06%0] BHahe oldl M) NYEFLE A £ #718F
Fol 75% WZA WE £7) W Hy MEEEAD A FHsA e
4 ge RoE MzEc
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Fig 1-12. Soil N content of the pasture as affected by N fertilizer and swine

manure application rates.
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Fig 1-13. Soil organic matter(OM) content of the pasture as affected by N

fertilizer and swine manure application rates.
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Table 1-8. Changes in chemical characteristics of the soil as affected by the

nitrogen application rate.

Nitrogen application rate(kgN/ha)

0 150 300 Mean Significance

1st 18,36 60.50 23.22 34.03 NS
P 2nd 39.93 49.32 32171 40.65 NS

3rd 15,72 41.67 18.73 26.37 NS

mean 24.67 50.50 24.89 33.35

1st 091 0.99 0.58 0.83 NS
K 2nd 0.70 0.52 052 0.58 NS

3rd 0.55 0.66 0.64 0.62 NS

mean 0.72 0.72 058 0.68

1st 0.42 1.11 051 0.68 NS
Ca 2nd 1.19 1.48 0.89 1.19 NS

3rd 1.07 2.16 0.84 1.36 NS

mean 0.89 1.58 0.75 1.08

Ist 0.78 1.96 0.81 1.18 NS
M 2nd 1.70 1.84 1.30 1.81 NS
€  3rd 1.44 2.69 1.49 1.87 NS

mean 1.31 2.16 1.20 1.62

1st 0.30 0.30 0.25 0.26 NS
Na 2nd 0.20 0.20 0.19 0.20 NS

3rd 0.22 0.22 0.21 0.21 NS

mean 0.24 0.24 0.22 0.22
pH 2nd 564 5.66 bh.b2 561 NS

NS ! Non significant,
1st : Spring(11April)

2nd : Summer(20June)
3rd : Autumn(.240ct)
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Table 1-9. Changes in chemical characteristics of pasture soil as affected by

swine manure application rate.

Swine manure rate(kgN/ha)

0 3 6 12 Mean  Significance

1st 74.34 21.29 14.15 25.71 3387 NS
p 2nd 46.00 59.57 26.03 31.12 40.68 NS

3rd 29.15 34.23 22.67 17.18 25.81 NS

mean 49.83 38.36 20.95 24.67 33.45

1st 1.29 0.63 0.78 0.60 0.84 NS
K 2nd 0.52 0.73 047 0.53 0.56 NS

3rd 0.52 0.74 0.62 0.61 0.62 NS

mean 0.78 0.72 0.62 0.58 0.67

1st 1.24 0.49 0.50 0.60 0.71 NS
C 2nd 1.40 1.23 0.94 0.94 1.13 NS
a 3rd 161 1.72 1.01 1.08 1.36 NS

mean 1.42 1.15 0.82 0.87 1.07

1st 2.23 0.80 0.90 0.94 1.22 NS
M 2nd 1.77 1.86 1.22 1.52 1.58 NS
£ 3rd 210 2.10 1.67 1.74 1.90 NS

mean  2.03 1.59 1.26 1.40 1.57

1st 0.30 0.25 0.25 0.25 0.26 NS
Na 2nd 0.20 0.19 0.20 0.20 0.20 NS

3rd 0.22 0.21 0.20 0.21 0.21 NS

mean 0.24 0.22 0.22 0.22 0.22
pH 2nd 5.84 5.69 552 5.64 5.68 NS

ot B4 ARk, Bt K Ca, Mg ¥ Na @

2 AlgelA N-¥g Al§ &3 FUEEEE A8 50 EFFL BEY
F182 Mg EY vXe Ao s 4% Hgith E1-89M NHlE A
4 F&o| EY &BW P, K, Ca, Mg ¥ Na¥t3ol v 4%E B4 $A44H
ol7h (k. Zolfre 1x4 2AMZE BF BF 22hdEQ 84U, 23= #AF
a9 109 249, 33 39AY 196 AMEE v AAu 87 oju FZd
o] FEH{AY L&H FA Yok EF &d b FIE #F L FA
@3k7] wWEo] obdrt AZe.

EF B BMEBEE AN45Ed U8 EY P K Ca Mg % Na §%& %
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1-9el A 2d A Al M= Aede FAH FAAA X/t AR

4. E¥ 4w 5

Table 1-10. The Number of microbial population of pasture soil as affected

by nitrogen fertilizer and swine manure application rates( X 10°).

Bacteria Fungi
3/12  6/10 10/24 mean 3/12 6/10 10/24 mean

NoMo 3333 1033 3633 2666 200 233 400 278
NoM3 39.00 1333 3633 2955 867 500 867 745
NoMs 4133 600 1450 2061 137 233 633 334
NoMiz 1833 1000 6233 3022 170 133 667 323
mean 33.00 1067 3737 2676 344 27 642 420

NisoMo 2000 900 4233 2378 170 367 267 268
NisoMs 2700 767 6933 3467 103 367 533 334
NisoMs 5533 1100 2433 3022 270 767 533 523
NisoMi2 3167 2433 4500 3367 132 867 b567 522

mean 3350 13.00 4225 2958 1.69 592 475 412

Treatment

NaooMo 3500 7700 3667 4956 1.33 833 200 389
N3zooM3 91.33 1800 77.00 6211 300 300 267 289
NaooMs 93.00 1300 3233 4611 200 767 200 3.89
NaoMiz 4900 4900 7133 5644 103 967 300 457
mean 6708 3925 5433 5355 184 717 242 3381

Main(A) 0.076 0118 0586 0306 0116 0.113
P Sub(B) 0022 0263 0.609 0174 0.662 0558
AXB 0357 0214 0.343 0421 0567 0.849

* P . probability

Eof fdipe Bl 4o} gle REom E4F7|E9 F7])8 (mineralization)

st RBHt(immobilization) %A & F3 EFUl9] HEMAHA Boda, EFFE
o] gEfER oI AL RrmiEE & El(Coleman et al, 1983; Paul % Varung, 1980)& 3
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o ZHgel gadel E g vAn Y cHDuxbury et al, 1989). ol2i
LHMAENHS A% B Wakd o ugeA BeaE B E42
2 E74, RE, §71%, AR, BANRe g5 BR8AT F&, 22
F, SaAe ALT ARBAA uld Moty @R BEH B4 @
2 9onn.

% RN =YsE T&AA F b F7122H AFAA B o
B, 294, 4249 BN FES AN(EA, 19867 9om AAAH 7}
2 2 9u9 2 ARUERS ANERde] BsH £ B3, s BA
NHE BE AE7} ololA Fou EFMAN] ZHlAE Il BA @
o}

2 ARANE o= ZANTNE A2AuE NG £F B AT R 33

ol

o

o] 2] BEAYY FYAE LAA X AAJHE 1-10). dAaFH g FA
weEld M, AMdE "2 AT 7 FUMRYZ 4 §(1999), Beck(1975),
Martynijuk ¢} Wagner(1978), Nishio ¢ Kusano(1980) 2 #K 5(1983)¢] 21
e 9X3A &k

a2 BY LEESR S£EEZ TR 2 3% Ko & Uug o 64
1093 108 2494t HulXsEd OE Aojlg A XLV 3¢ 129 =
AN AFFY Sl FAA FI4E AAvt 95(1999)0] FuiE AujA E
Fol TiF FANA ERALEAE Jdon sulg Brh ERASEIASL
FAoe 243 REFegqt dAsHY 53] 2E(EYE 129)d0% HujAge
2 AZFY 7 F74E Aol A2
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<ahfg O> T3 BW#EKE A8 =4 R 227 B
BRe fEFFH EF5EY A= 4F

1. =A 444

% %

SUmmMERY NE4Ee e %e W ANUARIN dold A AE
g vl AFE E2-59% T

19979 1998\ 24 WE Atze dESFE A9 ARAEGY 0@
ok grolzzta @A £%) 2 vlLolN 2 4 845%kg/hash 11264kg/hazM ¥
ARz Fo3 xol& AP0l 29l 199867 FAHOZ §9
M Aolg QA RPOU AR ARAEY BESFo 2Ae A HG ¥
& Aot S FE8E Ho) A7l QoW Az BESHF
N 23 56.15ton/ha, AFRS T 814torvha R olEj2)et do] 122 826ton/ha)E
27t molm ol(A, 1999) & A¥ AIsh ta BT B AW 2%
ABRE T AERFAN AolFt ZA R AL AW Tae] WHo FE3
ax 23 e A HEA FEG 4LE RN FoFEe 48] 4@
5 g groz ney.

B BEEK A6 me Azs dBLFL vEs) ¥ o AINUE A
%, A2200kg/ha), A2 MEEK T 108/ha + N ul2 A% 172,
A2 209kg/ha), ARUS(EY MMEEK T 408/ha, A4 43kg/ha) , R X6
(B4 BSKE @ 80%/Mha , 4 868kg/ha)d) 2d WE A: ABSFo A
B3(EY MEKE T 108/ha, 42 100kg/Mha)R A 4ET BHEED 20E
/ha , Az 2ATkgha)dl R 2ok Bton FAHCs 1T 97 Aolg o
ATHP<001) ©18 ATHE 19970 1998 2 BN E H@F HEE &

-5 -



Aelct, Ze|AM M7 290 F4 100kg/hast B3 BFFEKE 105(24 109kg/ha)
€ EF AL Aol Al HAFE AueEer dagch My 271 g
Y] 8 100kg/hadt =&Y & 109kg/had FAH FALF 209%g/hac] Hol ¥
EXFA AZFA M) wWEolth § BMMEE KAKE 2L SIERHETY
HEFRS MBERE 10ton/ha’t LIEEER 128 KHES BMERT
20ton/hafi I M) HEMQY +F ZRE Holil 9lo] LEHEMAA BIEKA %X
A7t &€& BAFn vt F ol # F(1993), Stadelmann F(1980) % I
F9DE T F vho] 4t BIEKAT & FRU 849 F7t ALo]
714 718 RGue B8 9 dHen. ol AFIHAE 4P
T BERE AETE0 FHd ge A 2F9 DMERO F71E BHYL
U 40ton/ha A&7 80ton/harl&TralE freldel AoV B UEmREKE
10ton/harl 879 20ton/harl-&7 9] A Hoh #o]HQ Aolg B FUMBK
® AlE ¥AHE 40ton/hal. 2 AR ET #1 F(199D9 Rue] 3k 20, 40,
60ton/ha A-§7 EF7} DMA4F Ao|7F vk Hidke Aolg HHTh

B A R JETF 2348 FHIeE 1 e o HHvE AFST
ol 49E FUMEEEYD NE&4ES NUR AFe 12%y FUBEER
10€/hag Al&8tAY 2Ad FUEBEE & 40ton/hacjdt A&t Aol
ug A sicha Rolzlch
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Table 2-5. Total dry matter yields of pastures and double cropping system

as affected by Swine manure application rates.

Total dry matter yields in 1997.

Treatment
Forage Pk
T T Ts Ty Ts Ts mean
kg/ha

O+«L' 9862 7811 8480 8507 12,757 10,097 9,586a main(a) 0.002
DCS 15848 17,435 10,145 11,005 13,075 13,587 13,516b sub (b) 0.000
Average 12,855ab 12,623ab 9,313¢c  9,756¢ 12,916a 11,843b aXb  0.000

1. O+L=0Orchard grass + Ladino clover mixtures .

2. DCS=Double cropping systeme(Italian ryegrass + Japanese millet)

* a, b, ¢t Means in the same line with different superscripts differ(P<0.05)
** P ! probability

2). Total dry matter vields_in 1998
Forage Treatment P
T Ts Tj T4 Ts Te¢ Mean
kg/ha

O+L' 7140 8048 6714 6781 6618 8606 7318 main(a) 0.011
DCS* 10,056 10,174 7,135 7,180 885 10,671 9,012 sub (b) 0.000

Average 8598bc 9,111ab 6,925d 6,981d 7,737cd 9,639a axb  0.004

Averaged total dry matter yields for 2 years.

E Treatment .
orage e ok
a8 T To Tz Ta Ts Te Mean

kg/ha
O+L 8501 7930 7597 7644 9683 9,352 8452a main(a)0.001

DCS 12952 13805 8641 9,093 10965 12129 11,264 sub (b)0.000

Average 10,727a 10,868a 8,119b 8,369b 10,327a 10,965a axXb 0.000
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u 2A A AR

B AN Ao U@ meK 9E 19 2-19 etk 29 2-19)
A B upe} o] mE ohE(’97) 4910Y oA AL uhol &3t H|EA
GrEd W AT Hol7t EHEA ¢t 2y ZE # &9 89
3099 T2(3eulE AFe) 1/2 + ELEEHE AFY 1/2)04 A= gk
Hlgo]l Az Hlg B Esith a8y 7HEd 119 196dE #2794 F
tARen AT EA HEAE 2ojE AR RFHIL Tk 23 = 1998
W 49 944 T2, T3 ¥ T4FolA Fx&e] TA2H A=Al e o]
72 ok a2 3 7HE 109 24Ul T2(3EElE FFe 12+ E8
v Ao 1/ expmaelse v)ge] XL FEY H-&o) FAFHIL ¢
Atk ojskgo] Agto] ARYFE Exgo] FrEE AL AN FE] F
M4 FEAEZe] dlgo]l FrMn Fagol FAvHEEHA A,
1991;Rehm, 1972) B3¢} YA sk le}h 19983 7Hgd EREHANETEY] F
7t waEA Fzgol F7tEE AL 8¥7HA A= agtAvt RAE Ao
v OH(E 133)9] & 79l g3te] EEHT Ho] A Fa2HJUT I o
A oo Z# Fa7t 2 AHE AR Fiauge] O @Wel I AL B
ek, M BF19e] APEIAA EHuAgd st RARET T34
AEgo] AYa YL 4§ o) Fdle FEIF Aol dA dUcte Bust AF
HE A%E RBolA v Agd.
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April 25 1998

August 24 1998

Oclober 24 1998

April 10 1997

120

2 8 8 8 8 °

T2 T3 T4 T5 T6

™

August 30 1997

November 1 1997

T6

T5

T4

T3

T2

T

Swine manure rate (ton/ha)
Fig 2-1. Botanical composition of orchardgrass(QG), white clover(WC) and

weeds(WD) in the pasture as affected by swine manure application rates.
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Tt RS &Y §H

B Aol AHEE At F85Y F Ex, BAANEZE ojdegt dolad
2 R BAANERE H9 o8 J}A Fo|B@F] dete 199737 1998302
Wirol ZAF H@EHY Hx FUIEEFE 13F9HUY %9 AL YIFE
o)},

1997 (H 2-6)o] ALY MEFFE Fr788FS vlas) 2opd ojdagt
gho]agj o] K@HFol Sx24 Mo R B gdon FTAHORZ #23 o)
& BATHP<0.05). M9 Cagt MgHaro] 231} o]deel gto]1ajie A B
o Etew Hxe Zn®Ee] & A HEFF Rt 2A W rh(P<0.05),
K/(CatMg) BRIt F&2AA 714 E4i oldei¢t seladx 2 H9 ¢A
HNew olF WEEFE T 1%015e] FAAH FdAE By

B AFeAA 5x, o]dEt gojadx R Ao KE§F 20~26mg/g +E
S+ 19 17~18kgAAtste Ao 878= K% 2~6mg/g Btk A6
(NRC, 1978) 5243 874& 10~37mg/g (Gough et al, 1979)cl& X35
Itk B QAFelM W Mg##F 754mg/ge Mayland(1983)e] £ A%
8FF 1-5mg/g 20 4 E30vh BAHANA f\HESY Cur® 20mg/g A
=+ NRC(1984) RAPHE A& 814F 3~15ppm Ho} wgtov FH42 %
A% 87T9E 3~30ppm W= £33

B BMEE ANEFTEE Az RESFE vas 2 fEe] KeF
€ A2dE AET B FY BEERE ALTAdN Zden FAMoz #9
A Aol HATHP<0.05). & FY BMEEEANSTIT A2WE AST 2o AL
Z9 K &% F7HeS € F Ao K& 019709 Higuie} o] 33
gFH A7A vlE A EFLES @A E5F KEFeo) @ittt o dAg = 4
¥E EAvh. E¥ Ebelhar F(1987) % 71(1989) 5& AA € Zy AL&%9
TR &9 Kol F/MeTa dte] Hul Fe 2 H Ly F5o) WE
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o] ojxiz} AtmEth MEY Ca §F2 T FY BMEEE AT 1237
A 7 wokow B BIREERE 808 AST(HF 40N &)l FHE WSk
2 o ARE FAHeE Y FARE HFYHPO0D). Reith F(1964),
Kemp(1971) ¥ Smith(1985) ¥ (199D F& #&] A& F& F7hl @A
29 Ca g%l Zawviusied £ NHAA B3 BEERE ANE 239
F7be] webA fEe] Ca ¥%F Z4e Y BEEE J K 79 &F 57
ug fEY Ca ¥% Z4AE Z7ltwu £ o] ohdrl AZd. FES] K/Ca+Mg)
EELT BY BEERE NESED 1xY A4 foxE doen g4 ¢
AER 808/mar &N JEEIL 2} %2 408/Mha AETF ATE &
ok Y MMEEE gl AEde FaAdA KACarMg)EEHIT A vElyt
o1 grass tetany 918 #F 22(Fink, 1989)0l+ °la =d€=A gsich Ca/P
& T BEBRE LT 2 dAHE AETFdA 2ten FAALE F
o3 o= UUTHP<0.05). Bx9 fyflifFc] ¥de] H& Ca : PN E
Menke5(1980)& 1.8~20 : 1 AE7F AGsvta sgded 2 Age Ay ¥
B 3% v 270 YFol 095~126 : 124 Menke5(1980)2] HAFF
gl £ AMF(1992)0) BRE 159~210 1 1BT e ZFgE Roln
ARnew 2 ofE EaxW Ca@ el 47 WiEoz wddr

29 K §%L 9% 19 17-18kg A45tE #99 27 % 2~6mg/g(NRC,
1978) Ry A ¥ 20~2mg/g FEXRTH 71g R71EEP, Ca, Mg, Cu,
n)E 7t 87 v Z2AASY U8g FE UTAH SRAIEGTEY o
®W FYE uxA gkgtoyt Na €30 09~12mg/g 22 A28 7% 20mg/g
o RF3tach 2y H23 & YFo 98y +F 0.1~3.0me/g(Gough
5, 19799 % FSHAJ T MY Na $3¥o] A BF3A FA% A #F
N 7t AFE T, R AR R, AFTA: T EAC 472z
(Tower R Grace, 1983) w% Mi#KE HA&A olg F7E A @#4&
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tA ok & Rold,

1998 = (X 2-5)8 §¢ BMEE &4 N AE) K¥F #3L& T
oA A wsker 19979% AEAA B BEEKE AE&T B divs
Al A Bttt B ohad Xolrt AT Aivwot Fi MREEKE
o g wmEEe] PEEEe IAvE F HY §FY BEBEE ANTED ha
T 208 ¥ 2 o AelM & §F & HYHP<0.05). 2 1997d Alz
o] PEel oigt AdE Au] =25 o FAFHLE 493 Aolg A XA
oy Fi BEEEANET A2EANET B0 58 A%E B9 1997d4%
1998 gtoll fHEY] Pl Ui ¥ BMEEALAINI 8T FATRIL
2 £ otk By BM#SEEALT 2o ALHE AGTdA WmES PEFel
e AL EYY MARZ(E 23 F=2) EFlAl A2 UAM Al EE Fe
%o @A P/t olE Fr1E nAH ()9} o], 1975) & W FTE o
HA & A2 Bk, ERANSFEY GE Atze] Mg #Fu-sS g¥ug
A4T 2o Fy BEEREAETAA 2o O F Y BMEKE had 20
B NEFIM M B FAHLE §94A Aot ANTHP<0.00). i
H R FoA FHEW Mg §Fo] §¢ MEEEANET 20 ¥ ofe 94 2
2B BTN Ego] AAdEEo] HEAK REAF FUE FFE ol¥A @
(Miller 3 Reetz, 1995 ; # % 1987) @2 2t} 1997dol: ALHETF B
o i MRKE ASTolA RES Mg uhge] Eov FAFHLE 593
ol ztol7t ATt AlxY Ca/P& WH§2 FALHEAEGT Bt §3 B#EKE
NETFAA Egtow EAHOE FoHA zho)7t AN (P<0.05) FY Hisk
B3 N§TF FoIA Ca/PE 9 Z2HA YU FLHE AETFFANE
Aavg ASFe Frtel webd 2 vgol FZHHZ YAk oW AI}e
199790 = AR H &g S0t Av|FE i fEY K/(Ca+Mg)
ERE g FAUE AFF(TDAAM /M 2ATHP<005). 22 fFHEY
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K/(Ca+Mg)oll #& 19973 Al¥ ZAzte 19988 ZAxel g3t & 1997d 4
' o33 SRHNAEF] ¥ AdAM & ERELE Yz AN B
A9 19989 K/(CatMg) ER T 13~17 HHAE Yehdz v Kemp
F(1961)& 220140 =W ol @Yol %A Yo} Bxe FHo Ax Y B
olu) 2H(Fleischel, 1982 ; Fink, 1982), 7}&9 mr {£MgiE(Grass tetany)d4)
7bs 8<le) @k gtk g ¥ AlYdA K/(Ca+tMg)¥ElkE v 3
BA 2R oA '97-'08 HAX 7} 1.32~1.712A4 Grass tetany®] tHAA &3}
A 'orde BT FY BEEKE S0ton/ha NEA 26224 73 Wel ¥
H 98 dEsd o gl 1829 tte R kAol £, wEkM 4
5(1992)9] EEIEREFIEF 1.18~158% RfAMS F&E BT 19976 A AL A}
Z9| K/(Ca+Mg) EEIE 199839 Ao Hlx@ F& LA APA Y
By MMKE A8 TE2EF Grass tetany ¥ & Aeg J4€E.

kel ¥71& K, P, Ca, Mg 59 38 e} §i B#SEKE Aoz
FFaH7t FolAe el 29Uk 19974 2ok 2dA9l 199839 #93] e
Ui g e 2ERQ 19749 EYY FE3 &7 HA £ gEL
2 ®r.

1998139 FE 2FHUE o 7HA] FrlewFE vas Y ojdId o)
J 29 K ol 199799 dHAAY F2u A9 K §F B felHes
ERTHP<0.00). B ol o)&e¢l golad2e P, Ca, Mg R Na #F%
Yot F&29 AR fFoHez FHeH(P<0.05). Ca Y Mg #3Feol 1997d4 &
Sz oldet Fojada Bo WA wtorr 19980 ojde et geola
oA w2 F7HE olfE £93 ¥l 7 Ut iR FHREE FUE
o] 249 #7& vnd & W Na §Fo] 1998dox A 51 Ut AlZ
9] Zn #Fe] 1997d 40-60mg/g Ev}t 19989 60~140mg/g o2 AA F7hst
At
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A g 22d e 19980 HAE B BEEE] Alfd @E AR 7
ZNEEFLE dAZ 13RS vk 2 AEe] KEFe] 19974
19~25mg/g &N 1998 d & 15~16mg/g L2 Z23AL Mg HIFE
19978 4~5mg/glA 1998 d 1.6~20 mg/ge 2 A Z2&Qch %W Zn ¥
H& 19074 45~60mg/gel A 19984 55~ 160mg/g7t A2 AA 2715
Atz el FI1E F Na 7} @& 8F% 20 mg/g &) 98 058~0.74mg/g
o2 A FFH

AEHoz fWEY AZd fFF FUIE FFl AFE Ay] AR FFEL
T3 en 5 A 60%+F L BEEE 439 50%)2 Algdth

B AF s EGA ALxALE Hd S BEEES ALY A
7tEo B ExAF 7AW EAL A 4& Ao BAY & ANY
A EMA £E Se, Co, Mo & EFE o8 714 Fr1EE0 s EF
A AYPEL o] A7t BIE (During, 1964, Butler and Jones, 1973)¢]
o] o] & F718(Se, Co, Cu, Mo &)l Wi A& AL o & ALR
2.
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Table 2-6. Mineral content, Ca/P ratio and K/(Ca+Mg)equivalent ratio of pasture
species as affected by the application level of swine manure application rate in 1997,

K P Ca Mg Na Cu Zn  Ca/P Ifg/(g?

Itemn
mg/g — ppm —
DairyCattle _ _ _
aament 2630 34 20 20 10 25-40 2.2

Kind of herbage
MP 2052 b 369a 2950 3.18b 1.03a 119a 445b 087a 1.26b
IR 2660a 34la 321b 291b 097a 227a 604a 1.05a 178a
M 1976b 4.02a 3952 754a 096a 200a 634a 1.10a 0.62¢

Level of Fermentaed sawdust swine manure
T1 199ba 3.13a 3.32b 4.00a 1072 168a 454a 1.27a 114 ¢
T2 20.29a 3.27a 353b 438a 0.9la 183a bHlba 1.17ab 1.09¢
T3 20.16a 3.83a 4.b54a 4.78a 0.87a 17.6a 59.2a 1.23ab 0.94d
T4 2359b 4.20a 348h 4.66a 0.88a 20.2a 62.3a 0.88b 1.18¢
T5 24.20b 397a 295bc 457a 093a 18.1a 60.2a 0.78c 1.33b
T6 2056b 383a 240c 4.88a 124a 183a 579a 0.70c 1.55a

main(a) 0.004 0234 0.031 0.000 0911 0199 0038 0.163 0.001
P+ sub (b) 0002 0143 0.003 0463 0547 0983 0225 0.018 0.000
axXb 0.008 0109 0224 0425 0.124 0309 0.267 0.038 0.024

* a b, ¢ Means in the same line with different superscripts differ(P<(Q.05)
*x P : probabilty
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Table 2-7. Mineral content, Ca/P ratio and K/(Ca+Mg)equivalent ratio of
pasture species as affected by swine manure in 1998,

K/(Ca
K P
Ttemn Ca Mg Na Cu Zn Ca/P M)
mg/g ppm —
Dairy cattle  , ¢ 3.0 3-4 2.0 2.0 10 25-40 2.2

reguirement
Kind of herbage
MP 1095b 226c 192b 0.69c 0.45b 14.8a 144.3a 1.03ab 1.90a
IR 2394a 430a b542a 26la 120a 166a 1154a 1.26a 1.37b
M 10.73b_355b 253b 2.13b  051b 169a 62.8a 0.77b 0.92c
Level of Fermentaed Sawdust pig manure
T1 1565a 2.204c 235c 1.64b 067ab 146a 1246a 128 1.76a

T2 12.84b 245c 295bc 1.64b 0.74ab 14.2a 142.8a 119 1.34b
T3 16.14a 349b 4.00a 1.80ab 084a 162a 558a l.14ab 1.33b
T4 1605a 3.94a 3.82ab 193ab 0.69ab 16.7a 559a 0.92b 1.42b
5 156la 419a 4.00a 196a 068ab 149a 158.0a 0.90bc 1.30b
T6 1594ab 394a 262c 1.89ab 058b 20.1a 107.8a 0.67c 1.34b
main(a) 0.000 0.001 0006 0000 0003 0774 0144 0044 0038
P sub(b) 0.047 0.000 0010 0127 0072 0.131 0814 0002 0.007
aXb 0000 0002 0009 0636 0001 0.118 0674 0000 0.002

* a, b, ¢! Means in the same line with different superscripts differ(<0.05)
** P . probability

2. E%9 M{LEL 54

7t £%9] HLEBK A

Beule % B MEEEALST WE 52 % AsREA F 2 E
F9] 9, 383 54 vWXNe AGE vad vy A F234F g
199733 2 ohg thE3id 1998 whAlY FEE FEY EFA EE A
Hato B¢ A7 B 2-87 #ghv)
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Table 2-8. Change in the soil chemical composition as affected by Swine

manure application rates

Soil chemical composition before the trial
H OH T-N  Av.P:0s Ex. cation(cmol/kg)
p (%) (%) (ppm) K Ca Mg Na

O® 7m0z 785 062 02 041 027

Soil chemical composition after the trial
1997

Ex. cation (cmol/kg)

H oM T-N  Av.P:0s
o ¢ ) pm) C@ Mz K Na

Kind of herbage

O+L! 518 7.82a 044 24.68 3.02 2.32 063 029
DCS? 511 734b 048 1345 2.82 2.32 048 027

Swine manure application rates

T1 482c 730b ' 041b  653b 113¢c  061b 021c 0.25b
T2 507bc 767b 046b 1157b 217bc 1.65b 023bc 0.26b
T3 502bc 7.05b 042b 644b 1.75hc¢ 1.01b 0.35bc 0.23b
T4 508bc 7.18b 049 1070b 254bc  1.73b 0.49c 0.26b
TH 515b 767 047 1223b 342b 292ab 066b 0.28ab
T6 5782 8bH3a 0592 6693a 660a 599 032a 039

main(a) 0651 0016 0335 0102 0765 0996 0428 0.727
P+« sub(b) 0001 0033 0012 0000 0002 0046 0001 0.140

axb 0746 0514 0786  0.005 0779 0998 0942 0.992

1 : O+L = Ochard grass + ladino clover

2 : DCS = Double cropping system

* a, ¢, d : Means in the same line with different superscripts differ(P<0.05)
#x P | probability
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1998

Ex. cation (cmol/kg)

H oM T-N Av.P:Qs
B ) %) o) @ Mg K Na

Kind of herbage

O+L 544 1665 039 2025 467 209 024 019
DCS 545 1629 036 2142 422 258 036 021
Swine manure application rates
Tl 502¢ 1677bc 042a 756¢c 1.04c 047c 024b 0.16d
T2 523bc 16.43ab 0.44a 11.7¢ 3.24bc 1.09¢ 025b 0.19bc
T3 527bc 1540c 042ab 82lc 2.05bc 08dc 0.23b 0.16cd
T4 543b 16.18bc 0.29¢ 11.38b 394b 1.82c 033b 0.24a
T5 bB82a 1794a 032c 2974b 694a 3.75b 031b 0.22b
T6 592a 17.09ab 039c 5642a 948a 6.03a 052a 0.22a

main(a) 0950 0605 0.194 0708 0587 0427 0103 0.249
Pxx sub(b) 0.000 0043 0.000 0.000 0000 0000 0039 0.001
axXb 0220 0466 0818 0646 0331 0695 0088 0.163

* a0 X d tl)\lf{?ta}\,ns in * same line with different superscripts differ(P<0.06)

1997d E< pHE 2717 & fEE Al F vafdes 49 FAHLE &
gAY Aol g A Rk Tt EGRIIEY MY F2E Aui Efo
AEAE AEY B & §FE Kol Iok(P<0.05). old A 529
Bt A8dE Bd EGoR @ §4H EY¥ #71E ¥FE SR
A7t obd7t +R3E.

asy AiuE 8 B MEEKES AEY Ad4E v B o ILeE
Alg 53] AinE AF 50% Bty AF Algoz EF 4RI ¥ Wl
Hi v 28 U BEEE ANE9E 1Y 8 EY pHE §438x
Aom FAHLE 93 Aoj& Heolx JUTHP<001). #7IFHE Ao E
FAHA Tl HA gevhes @I vr(1991)Y Bust YA @kn £
%5 (1976), £(1977), RIRHE(1975), F<} F(1977) R KGGRP(1975)8] B4
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T OBAE o9 MR AKRMEMC 8T EYR o HEEASC EYpH MA
Ade ok Ak £E A(199)E HGERE EU AEUE 9 pH ¥
7t 29A gt st & AlgelA FtEExAlgo] 93 pH /A A
E Holx A& A4l 83 Y] & oldst 2AEY. EY §718,
EY 44 9 BRMEES B MBKES had 808< AE4dE w7t
7HE ERTHP<0.01). 1(1989)= 3H4ts] EoFe] A oA QA HE A&%FS
F7HN7IE B AREMERC SUHRCL e B ANYy Ads ¢
AP & F Aok S BEEES AR &d odFo Jide #HEHAR
2 F Q7] W&ot a8y o]F EF #V1E, £34 ¥ AR ESEAAM
718t daHaY § BMEEKEAESE Aol FREA g

EFe] Bt Ca & KE@%2 s8ula A&7 vl §F3 BsEE
NETAA FoH F7HE Holnl JLT(P<0.05) B2 FY BEKEA LT
M AlE% F7td wtel o gge] Frletdvh Y BMEEA L6 OE =
F9 K #FF7He A 5U9W), F#R 51979 Baus dxsidn EF )
Ca &% &7l & 31999 dast dX3A. &8 A F(199%)& ¢4 i
AFE o) 8T AHAAM AR Ca¥rFol AaME A ETEY 71E5ER, 4y
AlgFoA & §FE BAdx s & A¥H fAR 2.

TH EGe Bt Mgd Na % dAv 89 v EEEHY AL o
B UE AdE HoX @1 o Y BEEE ANLF Fld wE oF
F71&9 BFF7HE FRHI| Kol ITHP<0.01).

1998\ fE A £ EFo] HEASBHW 54 d3F xdz vz £ 3
3 HEERE Aol od EY SHNME 249X & Yo}

EY pHe BB RS AAdad § BEEEALSF 371 gy
F7HE T AR oy AEgL 1AdEY Ao FAAY. B SIS
< BY BERE A3 50%AE&TANA 7HE ETh(P<0.05). 1AhdEe] Fa
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& ol FAAT BFAHLE F4A Aol At EFY EHM: Ca, Mg,
K % Na o] dxvg A4 29 B9 BEER AN8oz 37151 I
I 7Y BMEE AuTEe] F7184E o g3 F7HAL v o)d Ax
1IAd g v xe 2abd R A FEE g Rolm YT

rr

U. E¥ x&EHe 5

Table 2-9. The Number of soil microbe as affected by Swine manure

application rates in grass species

Bacterial Number Fungi number
3Mar. 4Jul. 240ct. mean 3Mar. 4Jul. 24Qct mean

Species Treatment

To 177 197 493 289 07 20 40 103

T2 287 37 297 314 07 113 23 AT

Ts 313 160 1140 534 10 20 30 200

O+Lx Ta 440 117 1223 593 07 03 40 167
Ts 440 240 707 462 07 10 40 19

Te 213 117 1063 4640 13 03 20 120

mean 312 196 821 4430 08 282 322 2.09%

Ti 420 120 837 49 10 07 27 147

Tz 373 130 263 265 1.7 03 37 19

Ts 1480 7.0 607 719 23 07 50 267

DCG** Ta 623 170 157 317 10 27 53 300
Ts 527 260 57 28.1 1.3 17 27 190

Te 427 330 323 360 27 03 13 143

mean 642 360 374 398 167 107 345 1620

IX)"’““( 0053 0.860 0.006 0596 0.406 0853
Sub(E) 0134 0767 0681 0507 0.471 0,464
AUXB 0129 0312 0.460 0385 0310 0.448

* O+L : Orchard grass + Ladino clover Mixed Pasture )
+*x DCS : Double cropp(i)rgg system (Italian rye grass, Japanese millet)
wxx* Dilution ratio @ X1 -
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*xx% Cultural temperature : 28+ 1T
skxkx Medium : Sabour dextrose agar(SDA)

Aav g Ty MEEEe Agd @E @REAuRdM EY F bacteria
9 fungi®) & WEE ZAMIATHE 2-9).

1998 4% 39ol A A8 AMFEFF7E ABFE AuA Eop FAHLRE
493 718 BJHP<005). 78 494 2AAE Hole FAHLE FoF
Aole ARAT 2A 9 de ol £t AARFEANA Brh Ut e f
A8 8 E AS3E A9 Mg L Maje g§3 3 Fo dHAMIA
A, 1987) ololl W&t FEugge] &40l FdHT EYAEY 75c] &
E paudd #oses Ao B J(F F, 199%6). ;A RPagol
BELER(H B, 19877t Ads F4d P AsZRE B AE #7 E
€ Aol oldzt A Hh. 19989 108 4Y RAPE Hole 2318 AlgiE
AuR A wtEgol £71 wdth AL FHANE HE oYY FolaPs
Tog wEsuM A2z AE R ALY A7 T A3 EGH &
714 ¢l e Hol 74 Adol FAE Hol odrt FAHd,

ez o Aol Aiuayd 3 BEEEALN UE in Ee
B mEEKE NEFFY 54 94 X A4 $2ESE 0186 Ul
Agez RgudEe BYFAE A9 3 71 Fddna dgedt
ANgelHe 2 294E dA 8o o} oA 27t d4A R i@
804 5§, 1999)4 LA RET.

AR e AFR FRY HIE AGFEd BE XolE dA XPH 2
#Ag 39 39 2AW BTN AMGEFSE ARZLE AuA BT FUHEE
ZA0lL 79 49 FAN e wlg AREAE AuiR|oA I 71 F7HA A
Doemel® Brock(1970)< BB #4: % (Vesicular arbuscular Mycorrhzal Fungi,
VAMPF)®| ¢ 5% &9 7 Auidd wet ugddn & AR} &
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A7t e Aoz guA AT £ Ao F4F Aelg 4734 F Ao
2y gog v Eokd XAEY WAL g FEI] d7E A
Ha 4dg A#E 44 | Ao derh
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VI =

kiR LgEe] BzAle] A4HE A §F HAELY AEFE TR
2 EGHSEE FHAFNEA A AlRE AR 2471F ASFILY
AAYE FAANL FHoz APl FHHUT. £ APE 2AAAN Ax F
B KK AEFE Aold wWE F2A4d R BN "R = AT
D aen Hze AARFAES Ao wE Fi M#EHE A& ANy
28 7EE7] 99 1996 9UFE 19983 10¥7HA) EMAEX FHWALSH
AEFEAGEZFAAY FHHUGT

<HAER [> d2v5d FY% BEEKES A& A9 344 23549
nXE 9%

FANA Exo AETHFE FLFAE By 150kg/ha ol A 422 #
9% FTE AATBP<001). ST FEFLFF2E AYJANDE 2 34
Art By MEKEA S AT BLA FAE Ho 3ECY AlRTAAN B2
o] AEFF F94 F/1E BRAP<0.01). 23U 2 HAH YA A8 2
4 200kg/ha’t A 2an Axuse A} ER F/HAT A8de R EH
EA &= Aol Hiat.

323 E2 orchardgrass 9 HAMRRE A25E 712 F7/HEAAT
i B#REY ANSadGE FRIAA &Yt OHe| white clover ¢ H &2
ALAE4F F7I2 Z201 B BEEE ANE&F 2712 F7edd. B2
o 2L 44 o|Fd AAFAET B A&TAA FUEAT L= Y
29 A, AR BE AGHY RAEL disEold T BEKEA
L5Fo ME Aot EHA kol White clover £ vl37HA 4o} oigt 69
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of AR A4 A= adie AFH, AY EE AFE7E B BEKE A
FEHE EAI FY BEEKE 128ALT0A A= agse] 4Ry A
e FAZ b & AR

490 ALY B2 £7)28%E F N, P, € K&Fo) AaxFFE F7Hd vl
AN frejd ez FEATHP<00D. Fi M#KE 12€A8T9M 529 N
o) M wgton BAHLE {oH o7t JYAUTHPKO0L). 6H ZARA
29 N, K, Na#t® %@ K/(CatMg) ¥£it §& A2AEFHF Frld wadA
Z7HEA5 Ca §%2 W2 FAFAUTHP<00D). 108 AL o= 529
N &o] AAFAE B Al§TFdA gkou Y BEEKE AN&T-Fd »
ARE AW FRAHRANE AoJRAA @5th

E%e o)3std A didA Heug die Fi BEEE AEFEd
Mg ANE A BN Aot 89 1084 =AY EYY A4S
AnlEY A2 ALHF F7te] wEA F7HEHAALP<005 ) T BREKHE
NEF F7te] mg w2 Bolx gtk EFY frle¥Fe 8¥¥w 1 o
&3 190 2ANE o F2FAY mEy FAASE {44 F7HE EAT
(P<0.01). 2\} By BsgEEe] A8% Sk de AnE ES RV ERT
dA Fojux| £ flon & EGHEN dAME AL S BEKEAE
ARG A R U EY uAE F AT 39 AL A6 § BMEKEAE
F Z7td wald f93 F71E Aot I o9 A7l AEE ghgo
LERA] ek gktt

AgAoz A A ExAM L EGfde ARE AuFEL Fi
200kg/hazt # it AztE ), FiH 89 AL 150kg/hast Y BEKE
3~68L EFA L3 Aol HFarta £
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<AE 0> §Y BHEEY Mg =A 2 22F% ARAA HETFH
EFEA vAE 9%

B9 AszRge Al Aold wE Fi MsKE ALAHAE TR
A 19969 19983 7HA s8R ARAAM Fxst AsFE(EL
olautxel H)e 2@ BF VESFE & Z 8462, 11,264kg/ha 2. 2A Ata
B AEFHo Bx But FAHoE {3 Xold BHTHP<0.01). §Y WM
BEAL TEd 0E FEY AETFE FAHLE 94 AojE UG
(P<0.01). AEERS ERAEGTE T H2AE4E 1x9 FAHA Aol&
AATHP<0.01). B MBBKEAE Mo o vlZ2A TN 109keg/ha)H
T«N 217kg/ha)e AEFFo] TN 200kg/ha), TN 209kg/ha), Ts(N
434kg/ha) R Te(868kg/ha)y VEFHF RY FH oz gtk T(Aiulg
N A% 50%a-& + B9 MEEKE A3 50%, FA2YF 209%ke/ha)d] A
BEREge] T(IEna Ah 4%, FY BMEE AF 200% E
400% A4 WHEY AESFI TN

Hxe KEES oF 3dARE AX FrHEUT 19989 8¥dl= To Ty
2 Tsoll A THE Ao Bt HEXo| Etem 1998d 1040+ To8 T8l &E
o] t}& Aol A nrp Estdh

1997d¢) Ex9 FI12HFE AEZETER vud) & 4 oH e ol
29l K, PE#F % K/(CatMg)EEIIE B 2F Bd foxoz Esid
(P<0.05). W2 Ca ¥ Mg ##%0] 8 2% Bt} F93oz FIJrHP<0.05). A
z9 K &% HHFE NAET B} SE2A8FA fgHoz g3t Ts
T(FY BMEE AF 50%FH)A FHES] Ca §Fe) 7t Bkern FAH
o2 {94 zolzb Utk IdAQA 1998de REEFTEZ FUEE v i
B 9 ojeHlg¢t golad29 K, P, Ca, Mg, Na % Ca/PFo] E 2F BT}
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wAHo s E @ES P, Mg ¥l IAWE N NEF 2o B4 BM
BKE M-E&7oAM Edch MEe] Ca 9 Na §%F2 TN feyez Eobe}
Atz Ca/PHl&S ZAA&HE N Al&T94 Esir)

199730 % FHE2 EYd oA EA4E wad B2y SxAw
Ede friE®Fol AgAE AulAY R B feHoe BRTHP<0.05).
5% pHE diulg AT Bod &8 A7 A Eston Fy BEKEA
£l F71ETE FgHor FRHP<005). EUS OM, T-N, Av.P0s &
B Ca, Mg, K R Na ¥%o] Teol A 7b3 =kth 3dx4Q) 1998 E %9
pH, OM, AvP:0s, BH## Ca, Mg, K ¥ Na®t @& ALv¥E N B 3 B
EBREALCoZ T8 FY EEEEANLF] F/Er-E foHoR FilE
A THP<0.05).

EY MEW T ATFE 108 2A | AEFHE AQuT B 2T
A FAA F7ME RATHP<00D. MRES v HEFFV B9 BeKEA
HAAE AR 2P
d2Hos & AYdA Y BEEEA LA 9Y Bz AlRFEe 444
R EFAD ARE Bol HAFANSFEE AFTHHE 2AdM= B MK
H 40BANAM AtRAEL FaHE 100kg/hast 3 BEEKE 1082 A4
gtz Aol APy AZd
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