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Summary

Hillside areas of Cheju island have been an important pasture source for
livestock production. However, the areas have a low forage productivity due
to mismanagement of the land and the type of soil which is poor in fertility, as
compared to other areas in the country. The areas consist of mostly black
(B) or very-dark-brown (VDB) volcanic ash soil which is unfavorable for
forage production because the soil is usually low in pH, high in insoluble
phosphate and deficient or unbalanced in various minerals. To improve forage
productivity in the volcanic soil, it is necessary to improve soil conditions
through fertilization, especially with lime and phosphate.

The following studies were designed to provide a basis for the establishment
and management of grassland in the hiliside pastures. Soil pH, forage yield,
mineral contents of the forages and botanical compositions of the pastures
were investigated when 5 different pasture species were grown individually (in
pots) or in a combination (in fields) on B or VDB fertilized with lime (0 or 300

kg/10 a) and fused phosphorus (P,0s:0, 20, 40, 80(or 60) kg/10 a).

Experiment 1. Effects of lime and phosphate applications on the physical

and chemical properties of soil, and yield of pasture species mono-cultured in

pots containing B or VDB.

1. Soil properties

1) The pH was higher in VDB than in B (p<0.01) and was increased by lime
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2)

3)

4)

5)

6)

2.

(5.46 vs 5.36, P<0.01) or phosphate application (5.12, 5.44, 5.53. and
5.70 for 0, 20, 40 and 80 kg of P,0:/10 a, respectively, <0.01).
Available phosphate content in soil was higher in VDB than in B(54.3 Vs
15.3 ppm, P<0.01) and was not affected by lime application (ranged
33.5-36.1 ppm) but was increased by phosphate application (5.3, 13.4,
41.2 and 79.2 ppm for 0, 20, 40 and 80 kg of P,0./10 a, respectively,
p<0. 01).

Ca content was not different between B and VDB, but was increased by
lime application from 2.00 to 3.78 milliequivalent (me /100 g soil P<0.01)
or by phosphate application (1.84, 2.63, 3.18 and 3.92 me/100 g for 0,
20, 40 and 80 kg of P,0:/10 a, respectively, p<0.01). Mg content was
not different between B and VDB, but was significantly increased by lime
or phosphorus application (p<0.01).

Cation exchang'e capacity (CEC) was higher (p{0.01) in B (24.6) than in
VDB (18.6) and was increased 9% by lime (p<0.01) or phosphate
application (20.2, 21.4, 23.4 and 25.3 me/100g for 0, 20, 40 and 80 kg of
P,0:/10 a, respectively, p<0.01).

K and Na contents were not different between the soil types, lime or
phosphate application, but were slightly higher in soils applied with no
phosphate than with phosphate.

Aluminum phosphate (Al-P) and ferric phosphate (Fe-P) were higher in
B than in VDB (p{0.01) and were increased by phosphate (p<0.01)

but not by lime application.

Growth and vield of forages



D

2)

3)

4)

Plant height was taller in VDB than in B (p{0.01). The lime application
increased only the height of ladino clover, but phosphate application
increased the height of all 5 species (p<0.01).

Dry matter (DM) yield of orchardgrass was not different between B and
VDB, but was increased (p<0.01) by lime (25.3 vs 23.6 g/pot) or
phosphated application (4.4, 26.4, 31.0 and 36.1 g/pot for 0, 20, 40 and
80 kg of P,0,/10 a, respectively).

DM vyield of tall fescue was not different between the soil types but was
increased by lime or phosphate application (p<0.01).

DM vyield of perennial ryegrass was not influenced by the soil types or

lime application but was increased by phosphate application (p<0.01).

5) DM vyield of redtop was higher in VDB than in B and was not influenced

by lime application but was increased by phosphate application (5.7,

27.5, 29.9 and 34.6 g/pot for 0, 20, 40 and 80 kg P,0s, p<0.01).

6) DM vyield of ladino clover was higher in VDB than in B and was increased

7)

(p<0.01) by lime (27.2 vs 21.3 g/pot) or phosphate application (1.6,
23.5, 30.9 and 41.1 g/pot for, 0, 20, 40 and 80 kg/10 a, respectively).
The effect of phosphate application of DM yield was greater for the first
cut (r=0.932 on average of 5 species) than for the later cuts and was

reduced as the number of cuts increased (r=0.713 for the fifth cut).

Mineral contents in forages

1) P content in orchardgrass or perennial ryegrass were higher in VDB than

in B (p<0.01) and that in tall fescue, redtop and ladino clover were not
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different between the soil types. Ca and Mg contents in ladino clover but
not in the grasses were higher in VDB than in B.

2) P and K contents were not affected, but Ca and Mg contents were
increased by lime application in most of the pasture species tested
(p<€0.01). Phosphate application increased P, Ca and Mg contents in all
the pasture species tested (p<0.01) except that Ca content in tall fescue
was not changed by phosphate application.

3) K content was higher when the pasture species were grown on soils ap-
plied with no phosphate than with phosphate, and Na and Fe contents
were decreased with increasing levels of phosphate application(p<0.01),
but Zn content was not changed in most of the pasture species tested.

4) The amount of phosphate recovered in plants was higher in VDB than in
B in most of the pasture species tested. The average recovery{%) of
phosphate all 5 pasture species from phosphate applicd into the
pots was 10.1 in B and 11.2 in VDB. However, the recovery(%) was
decreased with increasing levels of phosphate application (13.7, 10.5

and 7.8% for 20, 40 and 80 kg of P.Os/10 a, respectively).

Experiment 2. Effcets of lime and phosphate applications on mixed sward

production on a hillside pasture consisting of black volcanic ash soil.

1. Soil pH was increased by lime application (5.97 vs 5.74) but was not
influenced by phosphate application.
2. Available phosphate content in soil was increased by lime (29.4 vs 17.9

ppm) or phosphate application (6.2, 12.2, 34.6 and 41.2 ppm for 0, 20, 40



and 60 kg of P,O,/10 a, respectively).

3. DM vyield was increased by lime (986.6 vs 939.1 kg/10 a, p)0.05) or
phosphate application (488.2, 1,024, 1,137 and 1,202 kg/10 a for 0, 20, 40
and 60kg of P,0,/10 a, p<0.01).

4. In botanical composition, percentage of ladino clover by weight was
increased by lime (15.2 vs 11.8) or phosphate application. The pasture was
dominated by redtop when no phosphate was applied. Percentages of
orchardgrass, tall fescue + perennial ryegrass and ladino clover were 50-60,
10-20 and 15-20, respectively, showing no differences among 20, 40 and 60kg
of P,0s/10 a.

5. Phosphate content in the pasture species was not influenced by lime
application (0.23-0.24%) but was increased by phosphate application (0.14,
0.23, 0.28 and 0.30% for 0, 20, 40 and 60 kg of P,Os, respectively, p<0.01).
Ca and Mg contents were also increased by phosphate application.

The results of these studies indicate that the effects of lime and phosphate
applications on soil pH, available phosphate content and pasture production
are greater in VDB than in B. It is recommended that 300 kg of lime/10 a be
used for VDB and 300-500 kg for B, and 20-40 kg of P,O;/10 a be used to
grow grasses or mixed pasture species and 40-60 kg for legumes.

This may warrant production of 1,000-1,200 kg of dry matter per 10 a.



I. #% E]

BEMES] Mm-S 182, 000haR o]FolAM HEibE 2iEmKS] 36%ol HEd=
65.000haell 3l Uch. ol & R-L #iK 200m-600mell @3 Qo LA
B SMEAFE BV KEHE Ao $ich 1960FAR Vo FERREBKS —&
L2 HEHERERl EH ol F ol 1988 K B 23, 000hazt KR EME EX
Holeh zed o] FE 9 MAHEKY FTR22Z WREMS] £EEL Poix
T HEH ELEY FREMRS Hiel ¥k BmEzT de EiFold

BN KK LS 26 EH(35.3%) W BREEEETHE(40.8%) 0] S o]Fn
Aew KBS PlUMBF g SelvetdMds 32 E B8 -8
Kk LiHE BRItz Ao BeiBE /idT ABY TR I3 xod
(15-20%) Axhfgel RwMWME Ca, Mg Fol FEY K@ RESELHS
R tol 3l T2 FEinttEE TRFC) B AR Tl & ez oA
Ak %F, 1975; F %, 1975. & %, 1977;90 1978). = XkKLFol= AKX
o #Ezo] i TR ol &2 EUR Al fEER ) ol2le Aoz #E
sHoloh (R %, 19648 %, 1977; #0 %, 1978).

KLk HEl A Ak o KA A Bl RS WA HE WRE
BREW(KE, +4, 2ol #EFAAE Bol @47=lo] ot (f 1974; W
. 19780 80 %, 1984 K %, 1988) ol iy HRT KiET EfFeleh F %1
975) 2 EM AWK L E BIK B BEHBEE BASIAS = 5 £&F S B
2 4 Aot fEHd e & FUTHE ALRTHAA &) BEAES o3
TR R B 5%(100-150kg/10a) &) MM & #HM3lz ok 2= & %5(1977),
£(1984) & ki LRAM B HEEES A BHEEIERS 10a% 20-40
kgs #iMstdol Yok 3t SFoj wet N2 b2 RS Jetn gl
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=Y FAMERN KRE TRERS #% 3 GRS HEE TR dEozzn
e (& ¥, 1986 & %, 1988) 3 A+ & = FlfeFe) FEHY HEws

rlr

EEEC 2 HHE #iR A7)0 AN HEEF URE KIERS £
Aol FuctE W&y #&e Ao

F HART BME PUMBE KR EAAN EgRd F2 AT Jde
AEH 3 THMEC AR o #EER ol 1 WE LRNHHEBL, HEY &£
EN W may SR vIX+ REE WUl Axe HEe] AMEMEE WEsd
ol BMEMMRS RESZ At B4T= e



1. KRt £/ R H®

b AR Y A

KR E KFEFGR B, dd, FARE, HlE 9X3od hiwe o
el 2ea olzest Fiwol SAEL e, FEuvetelds FMES 8L
WHE $3E ol =T Aok M KILKREE HILE F B4 Mol o
2 atell o) kiLiERel Qs BmEldes Bk Kl MbE A BEiC 10029 RIS
7b 222 1007300 Mol &% BB Aoz geiA Atk AWKEE KURE
Mol KUK, AWE & KUME B2 £ BN KLKLS HiIRFE
e 3HA(KEL £3) U FAAFEXLDS Aoz #E=n Jor MKE
ez Nz 4% HEREES G2 MEaTFt AL A sz Qg
(% %, 1964; % %, 1971, &% %, 1975:B %, 1977).

S B W ERECIR oY Mol MHY MES] °olF YU 2
F ohA] Faiol KRGl M=ol 2 HE ol LREC) AAY Aol 7HE o
A &8 TR 90%1 Esa Uch(R %, 19648 ¥, 1977).

RIREE (1976) o] BHE TMHERE #Fol o= HAES T2 5EE, 11
B3, 13EAR, 208 EH, 4808 22l 63 LMo E AWMSUL, LT
2t 2ot ARMEET, MBGL BEL KE L HREL ¥ OERSL HW
Sgen, olf Moy HBEE(17.0%), REBE L 4%), BEt(21.6%) o
WEILKE(13.9%) o) 4ELHe 2 KFIUHRE, 1977).

22 #

i
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KR e 82 allophaneo]lw] L@y 2+ AlI(OH),¢ Si(OH).&
A HELT 0.3-0.20]2 WEERFTES 20-200me/100g2.2 2 iﬁ7} st
(4% %, 1975; %& %, 1971, & %, 1973).

= KUK TS A &) WotA ZA Beld allophanez}t 4 f10] i
<+ #slct. pHE £&o] 5.0-6.0(w) #E=Z Etkolvd AaiEe TRl Y &t
Al TR2 Eo(F %, 1983:1% %, 1964). #5& ionMRUL H& FEAWLIK B3Rl L
3 29 P,O,2 A 13% 100g% 1, 000-2, 000mg(FE X LK 3K 1, 000m8°12'5}5*féf§%
RSt LMo EES HAME (LAHE L Al dH(E %, 1971). kLK LR
o mME & 0.28-0.85 me/100g2>2 FEXILK L (0.13-0. 27me/100g) 2.t} &
ot Bk, H1%FY &L JEALKEE s Aotz ZF H(1984) S #EES
oh. kWKW K BE] kifo]l A oo RILES 0.86g22 FEK
Wkt gl o8l 7b 2 =45 B A2 hal Wil F48 Ao =o}
(&, %1969: M %, 1975. & %. 1977). %% %$(1964) & AWK W-L Al FEMEE 7}
7 Kion EEH el I KE Kion BT HL 5ol LR HES 474 BEEAF)
2 GE el MEBHL tfolA #hgel A olFoiNt Aoz sl

Il Dark brown soil £33 Black soil ( >

(2. Very dark brown soil Brown forest soil
Fig. 1. Soil map of Cheju island.
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of M kLRI K

PR Eiipie] LS BEEEE £ BE KUKIIWOE o]Folx glon
ROELHEE MY it A 2R Y BEERSRC) £ K@, Thit B
TR Y OWE N 2D SE RIUERCT Eold AR SR 2. RE
ERELES B Eito: AHY 2R Y METRER oo FXUKLE
of Zi7h& MRS 7hA = KB LE KE W FRELE BKELE Fo] o
BEdo (B ¥, 1977). =8 KUKERS AHY EWE we} Lo Pz
LRey RS HEY 28F Jebdlcd —BmMo s BEGtHEs) Bhtmos
HrolAlch R G LIRS oY (RipArel SfE o K SRol BT &M@l ol
of {6H W37 olested Bt ilol ) HAio] £ KE, B LW ‘=afole}
3ted BEtEE ROl Wol LB HAYUIE WLt o8l Aoz wsx g
(# %, 1978). BE1H) BEGHE LM H8h SRS &4 11.64%, 4. 41%0]x
N &2 0.820%, 0.165%= #i#F =AL(M %, 1964: & %, 1973) R+ @
BRI ¥ CECZiel £& ez &34 Ad(® %, 1971 & %,
1977).

2. AREADR
7t BRWA S LRt

BRHE-2 o] FRY MBS S5l T B Bt S RES S AlS iS00
WA ohuiet fetpoll MR BEKS RIS T 4 Aok KUK LWL &
Kitol Fob $hk7t RIFY RE MERE S ©) 53t +:A Ca, Mg, K% W9}
Sizh #eHA HR Aok (F F, 1975). KILKARS #HHW fkin o) Sol HAMY
A WRE FATREIAT (LB WRE S =) INRS BMAZ 4 Aok,
1978). kWKt ) WEHRLZ JEFXS) WYY KMol Bi=n Qoo
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E3 REE7 A #&S fast AlEH(LS BEEE Hiks A8 BK, R
bentonite, A% HEAHo] HEH T UTH(X %, 1964 W) %, 1978). KIREM
ol A EEMpSl ML Al ione 2 Feidd T kW WHS S8 A7)0 AREH
ARS (B3 A171T Kiono 2 A Bl MEMER Ol TaES ] 2ol HElE B
o HME-S B/m A2 4 At %, 1978).

=4 AR MM tMe EHRE AL Mn%e) hAbfLE Bre 2 st Kk
o2 Ca 9 Mg¥ #i#3) Zct(Kamprath, 1970). 22 AR BEMBAE B Y
Zn o) MEEEY BRI L AR s, EHIEM o)gted Mg, K %9 ®Z
< syl ¥oh(E %, 1975; Haynes, 1982). KkILRKLHS A A7
Be ool HHMmE Sei4q Adole MR s Sl Axol 2sle FA3
Fwslx gon ERET SEMMIE 2 HRE 2AYE Aoz AEHAAGE
= 1975:80 %, 1978). Haynes(1982)% LA Al fEmel #mul o AA<S
HEA D Z BREAS F3tc Al @S WA 71T kel FHE B Al &
glchx gith Siman %(1974) 3 Martini(1985) %= AAHiM o2 +3EA Mn g
Al SRS BUA7 KE Cast Mgl #MAE ®nAlzcz #Hsstgch ey
Greeve %(1970) & HIRMM o2 RN Alg RS WL A2 & dded P b
He L SIA ol B Alzt PO BEREh S MRS A btk $EE
u} olch. Martini % (1974), Sumner(1979) ¢+ Grove % (1981) & KM= 1%
pH & olol whe} AHxhils B o d3EA CEC Bin %o o]z & #HREE AT
4 Aok 5w =k At

Y. BRI HEEE
PMER KWK LES BE g RIERG LIRS AT KWK ISEZA L
#ol /Y RTFOLE A d KES EW(AR. KEH) S BArEE EERE
SBFE vob Soh(EE %, 1977:8, 1978; 40 %, 1984). 22t Hkitel RN
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ARHCE, TTol, A % AERS BUY MEZ BmAL & AT A2 B
& ghoich(H %, 1978). Helyar H(1971) & Al Z&ol 2 Bt AN BKE
AN o alfalfavt phalaris %2 4 F-L subterranean clover, white clover,
perennial ryegrass%ol sl #%3lct 81912, Haynes % (1981)-% white clover
s} Loms o ook BRMAS 2% of Edotz st =¥ #1984 kil
Kisge RiEEmel ZLEIKE 10a% 300kg, 450kg, 600kgE MM 32 300ke
oA Inie Wokot B AEXE dache sk ¥¥ Shoop F(1%6D =
e Kl K HiHo A redtope HKE WASIA obe AAtehuAlnt white clovers
@E Y ARMEAcl AsiA ol 2Hcky WEY vhlch =3 oaty alfalfa-
orchardgrass& ol 4] EKGAES WES BWmAze=d (Macload % 1963),
subterranean cloverol A= AKX %R+t EA Jebtch(Morrison, 1966). HKHM
A RS etnol wet $Hste barley, sugerbeet, alfalfa%¢ HIKHEA #HR7}
£9ko} orchardgrass, oat %€ W& pHolME A= ol 3t BKHEA 2
$7} Actn s %ch(McLean®, 1977; Tanaka %, 1984). Davis(1981)€ HhHKHE
ol A HRHIA S #EL alfalfa)white clover)Lows WEfr g, FH%(1957)2 red
cloverol 4 HKS HEEE AR & WAMKE Jebillcte 33l B *¥
(1982) & iR E ol ERIEMo2 Iikel MIMSNNT BEREANA THuEE
B Ao Xupeydd MYt Yoo, Robertson(1961) = RIGEE bl HKHEA
22 Festuca} Trifolium® - Wi ikol Wi sIglevt  Agosts = W& BEY vk A
o} bk %(1985) L M BE ALK TRAA HIKE KA (500kg/10a) 22 B
il EAES MW ey FAULRERMAANLE BREALE 2 2RI
1 8t kIUK-EIES ERHEA MRE A4 @€

ob, AREAA HEY BEHET TR
HER P gBS ARASE B &R 2l KE(Awan,1964: Griffin,
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1971: Ryan %, 1975) ®43® #£5 @#459%3% (Murrmann %,
1969;Mokwunye, 1975: Anderson, 1980), % %7} 9lch: #i4 9)lch(Martini 2,
1974; Janghorbani %, 1975). =& % %(1973) % o4 Ak 3 EKA MRS
£ WM Fe, Al H¥ES B iy #8 SRl BES 2 #hE
7t P3¢ BESAo B %1982 = BRIl AKE 10a% 250kg HiH Lol
HEWH N, Ca, Mg, Nagigol 8 51512t K 9 P Siols ¥ 275} gog
M 2o, FEH %(1986) L orchardgrass $itEEs +1% pHol Y AU Ale i
ol /i 55 Mgy Ca @S W EL HHd v Aok KH 5(1986) L B R
W LREBA ARES Zelstd #5 9S = Al 5ppm, 20ppm BEFLE o A
T REEO] XAl £H S Ao MK U %ERN P, Ca, Mg*#%2 &2 B
3] W2 =%t 8ol Abruna %(1976) & AKBALE HER Cag o] |/
m = Atz slgle =, Martini %(1985) & = BOEEF HIKHIAC2 +3¥H Ca, Mg
FT BmEA T £H] AT et HMBAS Ca, Mg ®oUe BEg
¥ 2}, Smilde %(1974)2 Znol % 34Al H T LW A Heol BES 565}
 Zno] RUE Bk A7k $9e o, Jones(1963) & Mg’ 263 AKE Rig
#iol MA@ red clover Aol Mg & @S FAMK &Y white clovere] H, s
T TRE UG S 4ok Gross %(1981) 2 FAH 112 FH 1180)
Ca BRIXA & te#2 g #ERolA KA HBEF A Ca B HE redtope| 7} & sk
% Ky bluegrass7} 7}¢ 2gke o Fip4gE 4 crown vetch?} %2 vernal
alfalfaz} sototz s qdc),

3. MEMEADR
7h. BRERRER S LML
—REILR It LIRS AR @) U R B o] 27 o Toj wisg 1R
AR Q] KEAL AL KE1L Fe < A7 AMES Bimal 7= ol EES}
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RS TpolA XAEht TREA Lol RHslol =S o 2R} =
o2 ARS MANE ol A FESA oo %, 1978). 53 AWIKLHK
ol A= MiA S BEgo) Al-P FAEE RaT#a{bs 7] vl Zoll FmAo] =i o (4,
1974; % %, 1975; M0 %, 1978) Eto] & AWK EAAT KiFtE Lot #y
wHE SRR AT A Al W Fedl EMES HAAIA K& RHE BN 4
ATH(E F, 1975 R %, 1975).

Piifol o2& 11 pHel RME HRAEE o M2 g RS Roln gl
Varco ¥ Sartain(1986) 2 Davis(1981)%< Pol #ifi22 pH7t LR IS #iEs)
2 9le v} Helyar %(1971) 2} Tanaka %(1984)2 Po] #if-& pH#1Lol zh%£71 ¢
=5 8% ook a=q SRS TS AXE TES EnAlvlz AR
£ B A7 # obyel(Shoop %, 1961; Anderson, 1980: Haynes, 1982) Zne %

€ HEA]7)17]= Y} (Stkenholz, 1966).

o e E S SREe] £F

wEKA R REHAALD FHfgEANA of %Rl (Edmeades ¥,
1985; Shoop %, 1961; Davis, 1981), ladino clover= #ES{EBENA £F2 A2
Xalge Yot MES WELSE WES @E/M2EZ B/hsdd (F 19710
Sherrell %, 1974; Caradus %, 1986). Browntop (Agrotis tenuis) 2 +3Ei% i ol
3u Mol Pr} EHEHA S EBERT S 9o, white clover+ 5¢e MLl o] &4
Aed REFT £FS debldotz Hi53 3o (Mouat, 1983). Tanaka %(1984)
ol 23 red clovery} alfalfat Blol @RY KME 2o 2 BETRAC £
Hol KA soybeand tiflo] & HElAs At Yol Mtk 3%
£ o], Widdowson % (1973) & white cloverol] P9} il 22 nematoda(Al%5)9 MLk
AL GHES BHOAAYD #4 31y Hart%(1981) = white clovery} red clover
£ suckling cloverel to#l &M 2R Rtz sledd, =¥ alfalfas
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perennial ryegrass\t white cloverel H#i4 & Tk o) Soln 5#st ot

(Helyar %,1970). White clover®] PIRI &= Alv} FeZoll o)A BEE Y BB o
o o] £ M RES physico-chemical sorptionoll 2| A o} o (Pritchard %,
1984), #EgHiA-S white clovere) #e|®-¢ BAE 3| M A} (Caradus, 1981).

o} SRS RER HEEFH

RFEHMES] BEGRT S AFOM ] Bidel 2 BB Tk T
off lo3h MEY 8] AL 7tAL 7] AFol PEEl & FIRA AT P TR
+ B A1 4 Uc}b(Caradus, 1980;Caradus, 1981). 22y} Khdse) &S &
of wte} g 57} 2lo) Bradshow % (1960)-2 Lolium perenne, Agrogtis stolomi % & 4%
MRt & RE Festuca ovina, Cynosurus cristatus Foll = h&se) #E7t AAY A
9 gl #es], buckwheaty} rye® & ol oA P ME}
subterranean clovery} crimson cloverel] 3l % tctz it (MoLachlan,
1976). =& Barrow(1975) 4 Ozanne % (1969)& wimmera ryegrass= & @<
od&dl subterranean clover®c} &L #fgo] wWik=cly 3lgio v, Mo LN
£9l& browntop, chewing fescue %o] fEh=EId o Pyl Mud +1fols
perennial ryegrass, timothy#o] &-& &S =2tz gtz 8}4ict Sonneveld %
(1959) & browntop, perennial ryegrass, chewing fescue %2 P2} #h%3 =gl
1} tall fescue, crested dogstail, phalaris ol A= Po] #hE 7 Aty &} ¢ic}. Cara-
dus(1980) = EHH & ol A white clover, red clover%ol4 Pl AL T2} =t
93 35l ey Levy(1970) = phalaris timothy, tall fescue, perennial ryegrass:-&
FRR® t3foll A A=zletant chewing fescue, browntop%< mMEdh 1ol ds
2 Aotz 39

Duell(1960) 2 fescuev} timothyol t: s} orchardgrassit Ky bluegrass® -2 ihas

WS ZR7F woketn stoloe] IE Aol A Kilko]l WY& E MY BELS
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BmEln tEe] FakE S8 wolzlerxi(Sandel % 1955), EEREE ol It
RagE (125 ke/acre) A& 67% RIS At @&3 Ak (Terman, 1960). =&
g PHifS WE proteing B-S MiMA)7) 2 (Neenan %, 1961) Al, Fe TR
= BribAl7]= (Pritchard %, 1984:Ismail %, 1985) 4%/ P 282 ®hA ziclo
#& dllcH(Sandal %, 1950 Osman %, 1977).
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m. ## =l HE

CGRRES 1> AR % BESRE RO KILIR+ MO P EMeY MR ¥ HENES 4
EE0l D|XIE Hi

1. REE &

F HK5eS 1986%F 3AFE 10A7A &g BEARAA PVC pot(1/2750a) &
Al FHBe XK H(BEE, REEE), AK2KHEQ, 10.830mg/pot;10a%
&% 0,300kg %) o 48 4k (0, 726, 1.452, 2.904mg/pot;10a% &% 0, 20,
40, B0kg TE) 23 FAH 4EME THILEHES RiB3ld 2X2X4 ERKSR 4RE
2 BT (Table. 1,2 2mH).

Table 1. Experimental design (experiment I).

Soil Lime Phosphate
{kg/10a) (kg/10a)
Black volcanic ash soil 0 0
20
Very dark brown volcanic ash soit 300 40
80
2. gt IN

it Mol B L&y MK Table 3% 4o vely 9= vled Zoh, 26 ALK
+ 3 (Black volcanic ash soil;B)2 $AKE #H%K B §1K 400m HEol A FiXgol
&3 e £+ (0-200m) & FIAMSIG T, wESHEE X1UKT1E(Very dark brown

-18-



Table 2. Seeding rates of pasture species (Experiment I).

Species Varieties Seeding rates(kg/10a)
Orchardgrass (Dactylis glomerata) Potomac 3.5
Tall fescue (Fetuca arundinacea) Fawn 3.5
Perennial ryegrass  (Lolium perenne) Reveille 3.5
Redtop (Agrostis alba) Von Kamekes 3.5
Ladino clover ( Trifolium repens) Ladino Regal 1.5

volcanic ash soil; VDB) & #M ™ Z@BM #iR 350mel FEol A HMH L1
#+(0-20cm) & sl B A o Hwle T8 FT KEALAS T2F RE
3ol AR5l AR

2 kLK TN WHRBAL (sillty clay loam) 2 {RitEo] 0.492 A EHELE
o] A3 yAH, TR O] & KE OMIEeol MEIEE Lol k3] 4-5fF okt
BEEE KUK WPV EHEL (silty loam) 22 A 2615 3 RIELES
0.80% o ¥3x, Eftae] g pH ¥ P,0s, K. Ca, Mg%< &< 3ok

3. HERE % wEWR

A M2 FAF19 orchardgrass, tall fescue, perennial ryegrass, redtop®
#H#tol ladino clover%$ 19864 4A 1B EMFl2 && HEsle 6MAM ik
< #17slsloh. HERAE pot¥ 4kgd —EdA FAE ¥ potd Haele &
B(EoDE 2-3mFAZ $oohd LS M Ych BEEr MHIERS Tk BAE
¢ EERE 4R WML 10a% X Ske. ME Tkgd F—sHA wAN
of. HiAE Bke GKREv HLAERKG3% CaO, 15% Mg0), HEEREK = HRHE
(20% P,O;, 30% CaO, 12% MgO, 25% SiO), ZF+~ K% MEBET- WLMER &

-19-



& WANC MAAEE GRS BEERST potRe £1Mdd 22 % BAaddx
FX MERKT GRS BEERT BEX W 1/28 T2% B4 % pot)
EREIol FH Al Zch 4E B2 10a% KR (RmKEE) 2 Table 29 7
ol Hiki%k 50g9] 1o BT & RAY ¥ pot LR Ffrol T2 % fAslct B
K2 10a% Ego2 ¥ 6kg, ME Skgd 1ES 20 WERAZXE £EE R— 3
Al #A3 G clovero] EREIEE A Z WEAXE 1 (5/19), 2E(6/1
7, 3m(7/22) A 4E1(9/16) ol AELSI 65C BB 2EA N A 45RFR S 4
7 ® mmEoz #wib HEY

Table 3. Physical characteristics of the soil used for the experiment (Exp. I).

Distribution (%) -

. Soil . . Bulk ree
Soil of Dartlcl? size (mm) Texture density Phases (%)
association . Sand Silt Clay

series

2.0 .50 002

.05 .002 (gr/cc) Soild Liquid Air
Black PyongDee 5.3 67.0 27.7 SiCL 0.49 18.5 68.9 12.6
volcanic
ash soil
Very dark Cheju 12.8  70.1 17 e o SiC 0.80 30.2 58.0 11.8
brown volcanic
ash soil

Table 4. Chemical characteristics of the soil used for the experiment (Exp. I).

pH OM Av.P,0; Ex. cations(me/1008) CEC  P-fraction(ppm)
(1:5 (%) (pm) K Ca Mg Na (me/ld0g) Ca-P Al-P  Fe-P

Soil

Black volcanic 541 23.70 46 018 (065 034 038 16.8 trace 4.2 20.0

Ash soil Q.00 5 0.8 .00 005 0.03 003 0.9 202 tL6l
Verydarkbrown 556 546 &1 (29 L1 073 (.30 15.0 trace 1.0 33.6
yolcanic 0.00 .30 (018 .00 003 0.05 062 +1.00 L4056 4108
ash soil

1) Mean®SE of 10 samples

-20-



4. T X MHMHIT
7b 1K

THEAK T & HEEB S KidA 20mHolE —EdA KM 2EA A
HAZF OB Y ARR%S REINL ZANSEELE 4] BRET ¥ A8 #H
et HESNS LR E: (RIEEE, 1973)o 3 pHWES %2 XR
KE ##%(1 : 5) pH meter(Model Orion 811)& #E3P L, OM-E Tyuringk
(Bt 0. 4N K.Cr,0,-H,SO, i#&#& FA3ted 0.2N Mhor’s salt2 &%), P.Os
+ Lancastariz (&R HH (pH 4.25)22 BH ®BA% REW l-amino-
2-naphtol-4-sulfonic acid¥ 3t 30C water batholl 4 304 M £ &% 430mm
o4 HEER), Nt Kjeldahl 7k, &t Fhion (Ca, Mg, K, Na)& 1 N-NH.
acetic acid (pH 7:00)22 @41 Atomic Absorption Spectrophotometer
(Model;Perkin Elmer 2380) 22 #flE3t4dct. CECE= Brown #55(IN-NH, A O
C #&H# (pH 7.00) 22 EifolA Bl #:B7% pH meter® REI Bt Hig
& (H'me/100g) &}, &t EMEwE -2 IN-acetic acid (pH 2.31)8 21 K@%
pH meterZ @E#% ol F Biony &) =8lxz BS, Si0,, Ca-P, Fe-P, AlI-P %
= CHIR(ER S (RIEE, 1973) o #dle] RIEME GETMEANA oo
c}.

L HiE
i REe & REBEAA e EREE —E&k WL PiERBE JPEA A2
o3 ohA] EEBAKEZ kst R (65C) A A A Bk s A2 A
o} HEHRoiTES A O.A C(14th. Ed. 1984)0ll i3} P Ternary solution (H
NO, : H,SO, : HC10,=10:1:4) & BRo#%#% Vanadate Colorimetric Method&

=2]-



FMAPZ K, Ca, Mg, Na, Fe, Zne Ternary solutione 2 BH7##1% Atomic
Absorption Spectrophotometer (Model : Perkin Elmer 2830) & @il st4ict. N+
Kjeldahli:, Si= ix{bEEH:, Al iRk Eoz aHrsisct.

(BE 1> RBXUR A Bk R #EBERO RENRES Kl X WEMA
ezl OjXl= KW

| RBE RE Y WEHE

@ RERS FEMH K 500mell (BT B kilik Lol 1983% 10A ¥ 1986
£ 11H 7% 3MER orchardgrass® 5% Ri%sld AKX 24k (0, 300kg/10a)
=} % 4k (0, 20, 40, 60 kg/l0a)Lo 23 FHE 3RMLe R RT3 o (Table
56,7 BR). B XIBZ 10a% N 8kg. K Tkgs &% & RES BItMBERZ KA
sl M Ak BRSBEYS TLERKES 4% ERZ M Brc &
H olS 3ty FE 10a% N 28kg, K 24kgs &% 4lmel] vyro] AT, #HEEs
3A 1184 2[ sristgct. RBE WEAEC LKE 46, 2KFES 3kES &%
SEA KB, HEMAELS § ARFoIS HHS S5t HHER] shad |
GoE g #xstac. HE Y MRS R 13 -8 Koz o
%ch.

Table 5. Design of the experiment (Exp. 1I).

Main plot(Lime:kg/10a) Sub plot(Phosphate ; kg/10a)
0 0
20
300 40
60

-



Table 6. Chemical characteristics of the soil used for the experiment (Exp. 1)

pH OM Av.P,0; T-N Ex. cations(me/100g) CEC
(1:5) (%) (opm) (%) K Ca Mg Na (me/100g)

564" 16.5 4.6 0.61 .0.30 1.36 0.73 0.33 16.9

% Surface soil;(0-20cm in depth
1) Mean of 10 samples

Table 7. Seeding rates of mixed pasture species (Exp. I).

Species Varieties Seeding rates(kg/10a)
Orchardgrass (Dactylis glomerata) Potomac 1.6
Tall fescue (Fetuca arundinacea) ) Ky 31 0.8
Perennial ryegrass (Lolium perenne) Taptoe 1.0
Redtop ( Agrostis alba) Von Kamekes 0.3
Ladino clover (Trifolium repens) Ladino Regal 0.3
Total 4.0
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V. SABRER 9 %%

GREE I> BR U BRI AIKEO| kLK + g2 LB ME Y EENE 4
&40 OjX|= g

1. ML

7}. +1% pH

FE Y REBG TR BK o SEGAKES el a pH ML Table
8ol A B ule}

AR Bl F—kigo 2 HMHS o 2E LMol pHE 5 360150t @eg
BELWAl AL 55327 REEEE Mol B o) fhe) £ HEED BE3d(p
COD. & #(1973) 3 &k H(1977) 5 2 4sgol o) @WEE L1Eol pH7l =9bc}
L REE Qlow K H(1988) = #5EE TRULIRECO) 5% S HREIEE HANS o
BB ol REEE G LEAA pHYL B @it o) po] Mz
Fifel PH7L 52 BB #) % (1978)0) 58 Bhiswol W Einrkm i Zmol
wob Ak P MBI BRI B lgol ks Sold wRow Azksich iz
A 5N A 10a% Bk 300kg 7 #iks 80kgS) B BT WAL trkgol B
¥ pH ki 6.0-6.5(B2tk/k i€, 1967: Haynes, 1982)ol= ©]x %8tz 9},
ol IIR-Z HM KK T e Eho MBS WEME fEpH FRMES 24
R %1978), MRS &=} MALEHRA ROl 27 dlFol MK LikEo] Ho
ohet TS HESGMol B2 pH EAMES @#Mstos (5 % 1975 B =
1977), & EIA WUGH LK@ pHE 6.0-6.52 FRAAZ=ds £nad 2

o2 Az,

r']z
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ARWEA 2% pHE Ly o= el Feio] Yeht £ +H Fiy mAHK
E 5.2690dl 3 BIKEE 56322 BAES B =AUcH(p0.01). o] REE= =
kIR Lol A BEIKE 500kg/10a #ifl.2 +3% pH7 5.20014 5. 82 #®ins @i
(% % 1984) ok 86 %(1982) ©] Wi-t3®A 4] 10a% 250kge) ARKE WA P pH
= 0.2 Bl Bim=le] 5.38 42 #54, During(1972), Edmeades % (1984) o]
New Zealand 9] clay :$oll4 ha 2.5M/T¢ AKX HAY-L = pH 0.2-0.3 B
G B/ A2 #RE & KBRS OIS SEEA Kol o8 pHEMps=
ol= bRl M EA4 el mEEEE o 5.02-5. 2000 L) #& 20, 40, 80kg KiE

Table 8. Effects of lime and phosphate aplication levels on soil pH.

. Lime - Phosphate(kg/10a)
Soil Mean
(kg/10a) 0 20 40 80
Black soil 0 479 5.22 5.32 5.45 5.20
300 5.24 5.55 5.58 572 5.52
Mean 502 537 5.45 5.58 5.36
Very dark brown soil 0 4.97  5.30 5.42 5.64 5.32
300 5.43 5.69 5.80 6.00 5.73
Mean 520 5.50 5.61 5.82 5.53
Overall 0 4.8 526 5.37 5.55 5.26
300 5.36 5.62 5.69 5.86 5.63
Mean 512 544 5.53 5.70 5.45
Singnificance Soil Lime Phosphate SxL SxP LxP SxLxP.
* % * % * % NS NS NS NS
*x x; P<0. 01

N S:Not singnificant
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AME &% 544, 553, 57022 BEHMHM Kio] Bingel we} pHE BES B
M= At (0. 01). oo e BHRE BEEEA 243 CaO, MgO%-o] pHE
WhAZled 2A AR HEso] 4% (1988) & KR T ol A 15 R 8 B
¥ WA WS o pHot BES ME S HEY v Qoo F(1978) = B kil
REolA HRHIES 10a% 100kghtim NS = pH 0. 58 477} Bind 6.58 et
otz 3hgic

v e o R

RS A% SRS Table 9oll A 2t wlo} Pk s Lol T H A
FRE 15.28 ppmaU ] bHl, @EEEE LS 54 28ppmo 2 YA ES £ A vHE}REC
ol #R+t t H(1988) ZhtiEsl WEEHE o] BEER KIS F—38lA 3}
A& (REERUURR 5%) BEEBE LTS sk 282 86 ppmeE Efh 1§
of H3l 4. 4155 Bin A7 R WU Lt oo pe HHE2- & Al o]y Fe
“¥ol RE Lol RIFBE AWIKTEO Ho) BHES Fol (= = 1983) LRl 4
< BEEBE T HH) HE T Eo) AN oL} Fet'oll of go] % = ol Hahim:
T Rebd Aoz Ao BRI A3 TH AomEisEe B2t =
HIRE(16. 11 ppm) o BRI (14. ddppm) Mol HEM 87} glaich 22y
RIS E Lol A= MEKE7 50.79ppmel to 8] GRMMES 57. 77ppmo.2 B
L BmWE AR (0. 01). M H(1978) ¥ 4 H(1984) s KR ol A 1%
Bt BREMHMCOR A SRS B A7) BS, Martini % (1974) o] oxisol
T A EEKES 7. Ippmoll A HRHEHE (7. Oton/ha) ¢ .]5. 4ppmo 2 HEips]
dchE &S 3le v podzol F1EoA FRHITO 2 Hahaee] 28 mosdd
ohe # R (Haynes %,1981) = ¢l& 2 o} a} HIKS HRE SBMI= —E%
Mtk7E glohs #45 (Shoop %, 1961:5C %, 1968)% 2 %8 € o, AKX} -
B ARhieg ZRME LFol wleh e el e Aoz e " e},
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BHESER o B e S &S olx tsmol A BEE S (p<0.01) BT
of Rea el EBAMET 4.62ppmol i@ Mo} HEE 20, 40, S0kgE oA H%
7.80, 17.53, 31.16 ppme2 Jekxch(p<0.01). BEFRE LM A SR 7}
5.87ppme 2 g ZTRE 2o} K 20, 40, 80kg EolAE &% 10.08
64.90, 127.27ppmo2 Zfiol s BES & RS Jehych ol9}zo] o]
T TR AR R ol ERIH(15.3:54.3)UE A BE o) i 18 5, 113 ol
Wl BRI Eol ARNE SRS TolXT (IR %, 1980), MEHEO] %ol
Z4 % allophane 32 K3l MRS HEAZ 2oz Bopar)

Table 9. Effects of lime and phosphate application levels on available

P,O, concentration (ppm).

, Lime Phosphate (kg/10a)
Mean
Soll (kg/102) 0 20 40 80
Black soil 0 4. 52 9.28 18.57 32.08 16. 11
300 4.72 6.32 16.49 30.24 14. 44
Mean 4.62 7.80 17.53 31.16 15. 28
Very dark brown soil 0 4.36 19.56  54.98 124.27 50.79
300 7.38  18.60 74.83 130.28 57.77
Mean 5.87 19.08 64.90 127.27 54.28
Overall 0 4.44 14.42 36.78 78.18 34.45
300 6. 05 12.46 45.66 80.26 36.11
Mean 5.25 13.44 41.22 79.22 34.78
Singnificance Soil Lime  Phosphate SxL  SxP LxP  SxLxP
* % * % * % NS NS NS NS
* % :P<0. 01

N S:Not singnificant

-27-



o}, Ca ¥ Mg &&

AR W SRk 23 1ER Cag &l #{bE Table 1004 2E ui} 7o}
TN Cag B2 2EtEAA BAKET 1.89me/100go)] 3l BREANAE 3.97
me/100g2- 2 106%<] BME el W o= REFEE LR HAIKE 2. 11me/100
gl 3l BKEE 3.97me/100g2 2 79%<] MmME B o= tiEol vt KKK
Mol 93 Cag@d %3 |Bin =1cH(p0.01). ARHMGMA & Caz s |
- B2 A7l 9sled(Shoop %, 1961; Haynes %, 1981; Martini 5, 1985; &3 =,
1982) FERE = 2 2o vt A& Eaoll A 10a% 300kg e KM 4t Fol 4% Ca
ZR 7.20me/100g (Bt KIS, 1967) 9] Kikoll= =]x]x] Zgich

BB KE /ol e Cag @ olx HiFolAY HEMY WMME Bod Vi
B oll 1= 0.65-0. 84me/100gol Htoh KEEsH Mol 4= 1. 44-3. 09me/100g 2 £ 45
£33 (p0.01) B=lgdct o] HREE BHRBEND 243 CaOB0%) S %7t
ZRo2 AzbEle], FEHAKLRL NS BREES] MA-S Ca, Mgs s Bk
T BHES T, BERIEAHE I A1 & glo] o iife] Byaesln Aok %, 1978;
F %, 1975).

THEA MgB® J4 aximes B slde 2O HFES 58 mEKE 1.36
me/100goll 3l G A= 2. 41me/100g o2 1 sgle ], @mIsH{ Ik
AME MmAKE 3 54%7 |hns 2. 16me/100g2 2 HIKS Mol 28 Mg
=& /e A Jebekeb(p0.01). o2 #Re FLEKAN 43 MgOol
XRE Aoz W70 Martini% (1985) 2 Jones(1963) %ol HRMM o2 Cart M
g7h @ =t & #me MUY £ RE Jebdiade. 22y Hume %(1986) &
BRet Mggiate Musicle st 4k ol [FS) Mol wel | sEe

Cag@ols B £M7 J&Hdos Q7=

BEEEHET S LR Mg ol B B Fo] B {molA WiEmE ] Mga
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B2 0.65me/100go] 2xiglev} 10a% #& 20, 40, 80kgEolA T &% 1.48,
2.09, 3.3lme/100g22 WML BEHELEAIME oo vy HME et
Wt olelzto] BiEgRMGol whet HiEA MgaRol BmE FELS BHRBEA &
AEol ' MgO(12%) 9] %Rl ARz #Esl=, H %(1988), & %F(1975)
T OBARBIE Ao A Mg, Ca%el Bing #ET = Ao

Table 10. Effects of lime and phosphate application levels on Ca

concentration (me/100g).

Lime Phosphate (kg/10a)

Soil Mean
o (kg/10a) 0 20 40 80
Black soil 0 0.89 1. 40 2.13 314 1. 89
300 2.41 3.77 4.07 4.8 3.77
Mean 1.65 2.59 3.10 399 2.83
Very dark brown soil 0 1.19 1.71 2.37 3.18 2. 11
300 2.89 3.61 4.15 4.53 3.79
Mean 2.03 2.66 3.26 3.85 2.95
Overall 0 1.04 1.56 2.25 1316 2.00
300 2.64 3.69 4.11 4.69 3.78
Mean 1.84 2.63 3.18 392 2.89
Singnificance Soil Lime Phosphate SxL  SxP LxP  SxLxP
* % * % xx NS NS NS NS
* x ;P(0.01

N S;Not singnificant
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Table 11. Effects of lime and phosphate application levels on Mg

concentration (me/100g).

. Lime Phosphate (kg/10a)
Soil Mean
(kg/10a) 0 20 40 80
Black soil 0 0.31 0. 81 1.55 2.77 1.36
300 0.98 2.16 2.63 3.86 2.41
Mean 0.65 1.48  2.09 3.31 1.88
Very dark brown soil 0 0.46 0.95 1. 61 2.56 1. 40
300 1.21 1.83 2. 41 3.18 2.16
Mean 0.84 1.39 2.01 2.87 1.79
Overall 0 0.40 0.88 1.58 2.66 1. 38
300 1.10  2.00 2.52 3.52 2.28
Mean 0.75 1.44 2.05 3.09 1.83
Singnificance Soil Lime Phosphate SxL SxP LxP SxLxP
* X * % * % NS NS NS NS
* % ;P<0. 01

N S:Not singnificant

2}, EEIL B 5% 8 (CEC)

Ak Y OEESEAC 93 EER BETRMRET RS #(ke Table 1201 el
TR BEIRERS Z6 L] 24.63 me/100gol M3 mE#G LiEdlAd =
18.63me/100g 2 & ItERlol -2 HH L (p.01)F ez, A Ehiol %
L BAn bigollA CEC7F wobv MR %, 1980; #0 <%, 1984: fh %, 19850 % —

D ok =3 KM AMAME 1Y CECE sl glo] 2 13
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mOKE 23.2990 lbs) HRMAEL 25.08me/100g22 ¥ TEE dehiich
(p<€0.01). BEEMRE TEAAME BAKES HKAKAREZ &% 18.11, 19.15 me/10
0ge 2 AxMAA 913 CEC #Eme & 2871 sk Grove %(1981) olv Juo
% Ballaux(1977) %<& AKMALE CECr #meEddctz sy, Hayness}
Ludecke(1981) %2 FXMA L2 Al Fe 3 Mn 5o] A siglen CEC#{tol:
—E% Hhel gtz HE3le Qo] & REs=le £4 ZRE Jepbdidch
WA Kol s CEC gRE i oA 25 HEmslzglel MNtE

Table 12. Effects of lime and phosphate application levels on CEC (me/100g)

Soil Lime Phosphate (kg/10a) M
0 0
1 (kg/10a) 0 20 40 80 can

Black soil 0 21.50 22.34 23.34 25.97 23.29
300 23.34 24.40 27.16 29.02 25.98
Mean 22.42 23.37 25.25 21.50 24.64
Very dark brown soil 0 17.32. 17.48 18.06 19.58 18.11
300 17.03 18.33 19.63 21.61 18.15
Mean 17.17 17.90 18.84 20.60 18.63
Overall 0 19.41 19.91 20.70 22.77 20.70
300 20.19 21.37 23.39 25.32 22.57
Singnificance Soil Lime  Phosphate SxL SxP LxP SxLxP
* % * %X x X NS NS NS NS
* x ;P(0.01

N S:Not singnificant
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20. 19me/100go tboh Ak 10a% 20, 40, 80kgE A+ ##£21.37, 23.39, 25.32m
e/100g2 2 A& X (p0.01) & 2glch olohzto] MEEHiM Kiko] Fhnd el wet CE
C7t Bmslx Ut AL ZElugold BEEE LEAA BRBES wMile= C
EC7} #inslolehs # 5(1988) 2 #@iFel MY ARtz A7

o, +3MA N, K 9 Na &

=a o9 REHEG T EE N, K, Na g8 Fig. 20 2% vie} o 13K
9 NSRS Z i 0.68% BEBELTE 0.25%2 B THA BEY ¥
Ne#$ Jehl oy BRI WEitmkigs] o2 Nael 2RE A 1
et A 9f3ket.

KaRE Hifol v} ARk 2 25glel 0.54-0. 60me/100g #EME >,
B A ol o) 34 SRR V] 0.84me/100g2.2 ¥ RS Bt Mk
WAE A S kiR 2 Aol 0.43-0.525 Hebdich. olobgho] MihRkE S K&
Fol & AL mpEmEA HEEHS I8 FRsted MM Kob Lifel wol
B £ES Aes 2olw, Shoop % (1961), Haynes%(1981) o] HekkEgE of
A Kggol gttds #5), Lim o Shen(1978) o &4 REgol A wimeHEff & ol
minstol wet KegEL o sdey kil o3 K&l #s e
Heds FaEE BREE 20

NagEE Mol AR 9 WHEEHA Aikfiol 2 £f¢lol 0.71-0.80me/100g
o WM TR nolch  oelu HRMES HERS o B SEER kil
®meel et Nag e %4 o si3lche Haynes %(1981) 9] #isske %4 i
®ob dgeh

n}, Al-P(aluminum phosphate) % Fe-P(ferric phosphate) &

AR Y SEEA % 1EF AlPY ZE$ ¥(Fig. 38M) 26 tifiel4
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Fig. 2. Effects of soil types, lime and phosphate application levels on N, K and

Na contents (%) in the soil. (B: Black soil, VDB: Very dark brown soil)

a, b;Means with the same letters within the same group are not signifinicantly
different at the 5% level
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169. 5Sppm<l el 3} BB G I EAN N 130. 4ppm o2 LMo HEaye) ER(p
0.0D)& vhebwieo] = %(1983). #k %(1988)°] 28 tifo] mISHB G 1ol I
8 &t Alolu} Fe® Fo] BAE 3] ol Aaili: ZEol MAEUE BEs we
sl BREAES MmaktimE Mot & itelel 148-151ppm & vhebuigic).

M kg o & AI-PE e AR 83 5ppmaldl M K& 10a¥ 20,
40, 80kgEEol 4 & & 112.6ppm, 172.0ppm, 231.7ppmo2 K5 AEHEIT kit o i
of whek BAE 3 W= glo} (p<0.01) tk % (1988) o] KLk LIF A Kk A itk o]
Emel wet AP ZEe]l ®nEdohs Wi MY & & gloh aelg o«
WKL A= HiAE hEko] Kb F#a8E slo] MMo] ch& P Aoz Jo
W=l oo (iR %, 1975; ¥ %, 1978; = =, 1983), 1" % (1980)< il ¥ |0l
JMEEEME MANSH R WiEsA S A1-Ps} 6.9-28.8%, Fe-P=
24.1-26.9%, Ca-P< 7.4-11. 9% @ ol H3) 4hiAse-S 0.7-8. 0% Poln f54ms
¥b et =& Fe-P 2@% 2L hiFo] 365 lppme 2 IEH# (0 |3% 247. 4ppmol]
fesl BRES] £ @S Bolm glo] #k H(1988) o) A3 iEaol A £ IRl Fe
-Paito] 2 ZRJ dddchs wEsE 4 0o Ao

KRR Kol W2 Fe-P &8 MSEES 160.5ppme 2 P2 28S 2o
Lt #5& 20, 40, 80kgEolA &% 231.8ppm, 331.8ppm, 482 8ppmo T #EEEH
M oK) SBingel whet BAE S ®Whnsln 9loI(P(0.01) H % (1988) =} Haynes 7
(198D = BEgHiN Sol B4 Fe-PEEL Mnmslodohs 18 —3slm ok

Ca-Pt ol EEREAM Fe-PY Al-PotE e s He go] #H&sld
Haynes# (1981) o] Ca-P+ Fe-Pu} Al-Poll h3) SAE ] H & £ vt g5
= MLl ot MhEE TRIRR S S%E AR E HANE o Ca-Prt 100-200
ppm$ WERThE b 5 (1988) 9 #EFE = £ jxotb 9ladch

pad
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Al - P Content (PPm)

Fe - P Content{Ppm)

Al - P —
200 - h -
F— a a
a [ b
106 4 al |
B VDB G 300 0 2040 80
Soil Lime Phosphate
d
Fe - P ]
400 4 b
C
a a —
a .
b
2004 a
B VDB 0 30 0 20 40 80
Soil Lime Phosphate

Fig. 3. Effects of soil types, lime and phosphate application levels on Al—P and
Fe—P contents (ppm).
(B: Black soil, VDB; Very dark brown soil)
a, b:Means with the same letters within the same group are not signifinicantly
different at the 5% level.
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2. BELEEF A KR Bt

7. ER

AR Y SRRk 40 AEREE X RMERS Table 133 2o BRHMEER
£ tall fescue§ 5t gt T E Higo] B tifo] ] REEE T MAAN A el
o (PC0.01). olofzto] mREBELMAA & EHRS VAN REEE 1RO
e s F2 BKEE 2 o BEG, 1978 F %, 1983, & ¥, 197)%
FASD glew 53] pEEHE LM Bt kil pH7l ¥ 3 Hahide g ol
=4 Aol(Table 8, Table 9 BH) A LBL ¢ Aoz AA4H =8 AK
WA A% EE bt redtopd BT T E BEHo £4 3oy Hithe s
A¥EE ZESA o, 28y ladino clovers ®EAIKEL 58. 3moll 3] Ak

= 62.7cmE BRHEA 27 T84 (P<0.01) ol white clovero] Ak
WA %hRE #mg Shoop % (1961) olv} Rangeley 3 Bolton(1986) & H5a#s R <t
¥]%8}ch. Lowther % Adams(1970) %S HiK @M white cloverd] £F& F
BEA dobs #Hirs AR & #Ea3 7ol Akt TR kLK EEA A ladino
cloveroll AIKY Mifl-& £FS WL RitA17 Aoz 74w

WA kil Bhnol o2 4 HRE RE HEMEA BESA Binsle
orchardgrass®] #;& EHBEES EERL 65 8moldle vt &t 20, 40, 80kglkoll A
+ &% 125.3, 146.7, 154.2cm 2 kiRl ¥ HE2(P0.01)E et 5
3| mmEgE ol fbol #4EE 20kglE S BRY HHESIGH olbF B Mm-S tall
fescue, perennial ryegrass, redtopo] A E ¥f§}g e v, ladino cloverd] EKeHE
AREE o 24 Jeh} EHEEL HEEL 22 2mol 3] W58 20kg MAENA
= 65. 7ene vhebuielel. Caradus(1980) vt Haynes % Ludecke(1981) & white clo
veroll Akt MK O 2 Aol WES WnEs Whstd & R HRE AW

Ashx Yok
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Table 13. Effects of lime and phosphate application levels on total plant
height (cm).

Species soil Lime(kg/10a) Phosphate(kg/10a) Significance

B VDB 0300 020 40 8 S L P Sl SxP L SdxP

b a a a d c b a

Orchardgrass 121.9 128.9 124.0 126.9. 65.8 125.3 146.7 1.2 s NS £& NS NS NS N§
a a a a d c b a

Tall fescue 110.3 113.4 110.4 113.3 65.8 120.5 126.5 134.6 NS NS %% NS NS NS NS

c b a

b a a a d
Perennial ryegrass 101.8 107.3 103.5 105.4 69.7 106.4 116.7 1252 s¢ NS *% NS NS NS NS

b a a a d c b a

Redtop 75.0 80.7 785 77.2 .2 8.8 87.2 9.2 3 NS sx NS « NS N§
b a b a d c b a

Ladino clover 5.6 627 58.3 627 2.2 657 752 B2 sxx xx xx & xx NS NS

B: black soil

VDB, Very dark brown soil

x p{0.05 =*x% p(0.01

a,b; Means in the same group within the same superscripts are not significantly
different at the 5% level.

S. soil, L: lime, P; phosphate

v AR Y BERRY A HiEh Ik
1) Orchardgrass

AR W #EfAd 23 13 RS Table 14 o Fig 4ol 4 B+ upe} 3
ot BotfdlA e #EES ARMEAeR BESHA Bmso mak— %
HEE T 2.6g/potel FAP MV AR —EBKE T 4.0g/pote 2 54%2] BFHR
£ 24 =g gEAkiEe] Bl ot ARHEAS R WK K=
o} & 20, 40, 80kg Kol M+ ARHEMLE & & 8% 6% 6% WUl KA
ou] REEHETMAME MUY EHS 2ot HBEEAKE & &% HRY
B o= tifol A gAE s A el (PC0.01) ML) MSEEE o F3% 4.38g
/potell teel #%EE 20, 40, 80kgE oAM= %& 26.42, 31.01, 36.08g/pot& R
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o B3 EMAEES $ike 20kg KiETHS) WEBARE MR KigMEc HES ¥
A Jebukch el SRR Kk Bingel wlal WEEME #k @D 9
o] & %(1984)0) %473 #EAEHEIRER (0-30kg/10a) oA A SIBELE o} #4EE 10kgK
el ¥ INEERE LYo HEiMEC] o ol Bl welMs ki
M ONEZRS 3 guchE &R MU Kk F(1988) = 2o KE S
ol EBBES BBEMIT £ WEAERS Blou Bk KER (BERRIRE
B 5-15%) WEHRE 23 4&s MEY 9 Aot

Table 14;Effect of lime and phosphate application levels on total dry matter
yield (g/pot) in orchardgrass.

) Lime Phosphate (kg/10a)
Soil (kg/10a) 0 20 40 g  Mean
Black soil 0 2.60 25.58 30.90 34.55 23. 41
300 400 27.68 32.68 36.73 25.29
Mean 3.30 26.63 31.84 35.64 24.35
Very dark brown soil 0 4.63 24.65 28.00 37.10 23.84
300 6.28 27.78 31.03 3595 25.34
Mean 5.45 26.21 30.19 36.53 24.59
Overall 0 3.61 25.11 29.95 3583 23.63
300 5.14 27.73 32.08 36.34 25.32
Mean 4.38 26.42 31.01 36.08 24. 47
Singnificance Soil Lime  Phosphate SxL SxP LxP  SxLxP
¥ % * Xk * X NS NS NS NS
* % ; PC0. 01

N S:Not singnificant
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2) Tall fescue

R Y #EIEMl 2 tall fescued] #ApILRE-S Table 1500 vhehd ulel 2o},

Tall fescue %Y B orchardgrasss} vl g Mm-S Lgow 26 +1He] &
BmBEAA BREH 2 EYRS 150%2 EIXE 24 15 Mt A K i o)
wmEel =el AREAS R Wk B =] #E 80kgREd AT ELHKE Lt
3 12%<) BUel F@3tdch e mEERG LY EAEEAN AKER BHR
T EaKE 3 22%7F BnEdeu BEGARAN S AREASZ 7-9%2
wmoll FiBdlct #EHA Kigo] WmHol wat EHREL o= LM
B3] (P<0.01) Ematgler] B iRl EBEEE 3. 11g/potoll 3] #5EE 20,
40, 80kgollA &% 27.16, 29.46, 32.8g/pot> 2 Bl BREHE TIFAIME
BOY gEe Bgich o2y tall fescuet HEto)l AR X HiMAME AKE H
3 mANEds RFY £FE Yo=(Shoop ¥, 1961) &&= A2k, Temple-
ton % (1966) ©1+} Davis(1981) & tall fescueol W&HA HE/F E%SS HEsln
Ao} kit o] Ak kol #RZ H tifolA ol F MAMHRL NES BWE

3 B ez AR

3) Perennial ryegrass

AKX W #EHEAol 9% gy AERS #t- Table 16 ¥ Fig. 6ellA 2E ulg}
Aok EPHRRES BE MM EAK - BIEEESL 2.85¢/potell KB AR
—EBEBE T 49%7F BT 4.45gF 2Ylov] HEMAREAN T kil 2 2R
o] ojr oM AKMAH W2 WEEMY HRE 1-2%] K@it 28
O BERAMRT Eol MfRSle] MEGA ki) MmHl o} WS BEES
/sl e} (P0.01) ol Helyar H(1971) = Mg HRE #EY o dx
perennial ryegrass— fti #fEol sl BiEEZN R 7E Y trhE Caradus(1980) &) #is
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Table 15. Effects of lime and phosphate application levels on total dry matter
yield (g/pot) in tall fescue.

. Lime Phosphate (kg/10a)
Mean
Soil (kg/10a) 0 20 40 80
Black soil 0 1.78 26.78 28.20 30.93 21.92
300 4.45 27.55 30.73 34.83 24.39
Mean 3.11 27.16 29.46 32.88 23.15
Very dark brown soil 0 4.90 25.25 28.68 33.03 22.96
300 5.98 27.20 30.73 35.93 24. 36
Mean 5.44 26.23 29.70 3448 23.96
Overall 0 3.34 26.01 2844 31.98 22.44
300 521 27.38 30.73 35.38 24.67
Mean 4.28 26.69 29.58 33.68 23.56
Singnificance Soil Lime  Phosphate SxL  SxP  LxP  SxLxP
* X * ¥ * *x NS NS NS NS
* x ;P<0. 01

N S:Not singnificant

b= 4 ERIF UM

Fig. 6ol 4] 2 ups} o] ol tiol A} EBHEIME ARWALE WRZ
5 By BEmARANE AREA o wEn HRE A vHe}
=) ¢gkeh. 22luh perennial ryegrasst MER ¥ tmel A AHel BEESHE(Gr
ant® Luccombe, 1981; Suckling, 1975) HKMMLZ el Bhnsdcts BEE
ol o} (Edmeades %, 1985), Alg ol ¥ Eeffdsfols HRMEMAMR 7Y el
 g:® (Helyary Anderson, 1971)% o} 3ol ot Axifel &3 W& K
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e g Aoz #HEH

Table 16. Effects of lime and phosphate application levels on total dry matter
yield (g/pot) in perennial ryegrass.

Lime Phosphate (kg/10a)

i Mean
Sol (kg/10a) ~ 0 20 40 80
Black soil 0 2.85 28.98 32.33 39.73 25.97
300 4,25 29.20 33.00 3880 26. 31
Mean 3.55 29.09 32.66 39.26 26. 14
Very dark brown soil 0 5.85 28.18 34.08 38.73 26. 71
300 5.35 29.55 34.28 139.50 27.17
Mean 560 28.85 34.18 9.11 26. 94
Qverall 0 4.35 28.58 33.20 39.23 26. 34
300 4,80 29.38 33.64 39.15 26. 74
Mean 458 28.98 33.42 39.19 26. 54
Singnificance Soil Lime  Phosphate SxL- SxP LxP  SxLxP
x* % % X * % NS NS NS NS
* % ;P(0. 01

N S:Not singnificant

4) Redtop

Bk o BEHAl =g redtopd) &MILES table 170 vtebWleh. Redtop
mER—m RO A E o2 Hiol a4 ey £ WES JebAsich ol
22 B redtopo] Ca IRILH ol st Cazt FRH il £FA LET
Calgilt 7} TT4e3t 2 (Gross® Jung, 1981) Bt #ifkol FEY LM E £F
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&ty 4 sl E#(Shoop %, 1961; Tanaka %, 1984)clztc #&+ F R
BRE A A

BEE kgl =g IREBIME o= el £ A(P0.01) veht EBEE
5.68g/potoll 3 &k 20, 40, 80kgEolA £& 27.52, 29.92, 34.52g/pote] Wik
< Jeligich o9t Zo] redtopd MEPEE IS orchardgrassyt perennial
ryegrass %ol 3 ¥ &S Jebz g1 ¥ ohvzt FREBkg)AAME o
€ #fEz |5y WS 2o redtopd HEke]l TRY 1 MolME £Fo| REFsIct

Table 17. Effects of lime and phosphate application levels on total dry matter
yield (g/pot) in redtop.

. Lime Phosphate (kg/10a)
Soil : Mean
’ (kg/10a) — 0 20 40 80
Black soil 0 4.20 27.03 28.70 32.48 23.10
300 3.83 27.00 29.05 33.88 23. 44
Mean 4.01 27.01 28.88 33.18 23.27
Very dark brown soil 0 7.93 27.40 30.85 3515 25.33
300 6.75 28.65 31.08 36.70 25.79
Mean 7.34 28.03 30.96 35.93 25. 56
Overall 0 6.06 27.21 29.78 33.81 24. 22
300 5.29 27.83 30.06 3529 24. 62
Mean 5.68 27.52 29.92 34.55 24. 42
Singnificance Soil Lime Phosphate SxL SxP LxP SxLxP
* % * % * X NS NS NS NS
* * :P{0.01

N S;Not singnificant
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= #% (Caradus, 1980; Luscombe %, 1981; Mouat, 1983)-% ¥ =i redtop& #
Mol TRY tRAME Acle Yol Y K HEgol FEY RRLHANE &£ F
o] BERESIe] Mol Y RKMEpBESl dd WS &M eoE #Eld a3y
redtop2 #&ol TR Y LiEol A= FMtto] 343l o} & ol k3] K& M
tEo] Hoiz 7] ol HER/ FEY RBEMAIAMT FELTREE] 2o+ 5
#x loh(Jackman %, 1972; Luscombe %, 1981; &%, 1989).

5) Ladino clover

AR W &MY 93 7 ladino cloverd Ul ES Table 183 e}

2E o] BOK-ERBENN £FL F3 FR3}A gHiiel 0. 35g/potoll
T ded Ak—EBEBES AT 1.30g/pot2 2 KA%} 44# 2l orchardgrassyt
perennial ryegrass¥oll b3l #% 5] ML RS Jellich a2y SEAE A
= ARHR7L A4 ety Bt EAKELS 18 78g/potel I AXKMAR
= 24.31g/potE 29%7F EULE ] HikHAF EHARMY =2 FE2(P0.01)
et es BEEGETHEANE 2L HImE Boln glo] HRMM g W
BRI $RE KFH 4 il A4 Jelxtich

gkl o g HHNE BT = LMY BESA e Bt
HIRELE < 0.83g/potell KBt #E 20, 40, 80kgEolM= £%& 21.33,
27.16, 36.88g/pot2 A &EE BWM(P. 0SB god BrEf gL v
kS webdisiel o] R white cloveryh KA 4ol b3l B
#E 7 ¥ 2 (Helyar 2 Anderson, 1970; Hart 5, 1981; Mouat, 1983), & s
MK (400ppm) ol M 5 E#AYQ] UEE)INE el ot Hart(1986) o #hive ¥

uju

o o] TR AR LEA BEMAMET FAR fErc o A9 e

2 Bgsdd
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Table 18. Effects of lime and phosphate application levels on total dry matter
yield (g/pot) in ladino clover.

. Lime Phosphate (kg/10a)
Soil Mean
(kg/10a) 0 20 40 80
Black soil 0 0.35 14.98 24.68 35.13 18.78
300 1.30 27.68 29.65 38.63 24. 31
Mean 0.83 21.33 27.16 36.88 21.55
Very dark brown soil 0 1. 80 22.33 29.35 42.03 23. 88
300 3.03 29.05 39.75 48.55 30.09
Mean 2.41 25.69 34.55 45.29 26. 98
Overall 0 1.08 18.65 27.01 38.58 21.33
300 2.16  28.36 34.70 43.59 27.20
Mean 1.62  23.51 30.86 41.08 24.27
Singnificance Soil Lime Phosphate SxL SxP LxP SxLxP
* X X % * X NS X % * X x %k
x % ;P<0. 01

N S:Not singnificant
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o}, 43N WS AKX W BEGEA Kigol =g HHF AR K

Fig.9, 10, 11 ¥ Table 19, 20 & 35 Bk 3 BB KiE o & FiE5|
Ry RS eble

WMol AR K F—kige 2 HANSH L& ¥HS BEIEIG &
HRet Wl ¥ WEs Jehiidlesi(Fig. 9 M) 53 redtops} ladino
clovers 5 +ifflo] A& £RE ¥t £(1984) = orchardgrass$t ladino
cloveroll &< HANE = B t@dld 2ot REBEIHEAM 2 WES &
oohs #a), bk %(1988) 0] Myt KH INEol BEEHE LR EhHE #
£+ F Rzt WSS T+ U

W AKHEAC % B @S (Fig. 10 M) orchardgrass, tall fescue,
ladino clover 5& AKMMAL 2 Yol #hn(P<0.05) % R, perennial ryegrass
U redtop 5 2 =R7F @i}l o] &R+ Helyerw Anderson(1971)¢] peren-
nial ryegrassoll 4 HKAE7 Adcts HE S redtopd Ca UL o] 8t
Ak MAzE7 doiAddiE #F(Shoop %, 1961 Gross% Jung, 1981;
Tanaka %, 1984)9}= A{L3} 25} Edmeades %(1986) ol perennial ryegrassell &
KE AR o o) BES Ein Hi5 redtope] MMFEE A= HIKHM
ZhE7F ¥ dch= Shoop F(1961) Y #FRekw £R7F ol

A ko] o REENT T A BESA el AR (P 0D
§ 2qch #EmAkiEd @8 HHEE R ZRT BSEEA ladino clovers
1.62g/pot2 of2 #Zfgol] tbal 7t S WES 2 KE redtop 5 68g/pot®
fhgfEol) ol ¥ WES 2o #EE 20, 40kgEolA HEERM B 2REs 2R
A LIEE (80kg) ol A ladino cloveryt perennial ryegrass®%¢] &L &%
41.08g, 39.19g2 2 cof2 ol ko) & WES L 3ich.o)® %= white clover
b RARME g A #MEEMA MER7F $ob= S (Shoop %, 1961; Helyar
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DM yield (g/pot)

]

Orchard Tall Perennial Red Ladino
grass fescue ryegrass top clover

Fig.9. Comparison of dry matter yields (g/pot) of each pasture species grown on
the black soil (%% Jor very dark brown soil ([ ])
a, b;Means with the same letters within the same group are not significantly

different at the 5% level.

b a 8 b.
. b b a a
a
a
20 1
10 A

Orchard Tall Perennial Red Ladino
grass fescue ryegrass top clover

DM yield (g/pot)

Fig. 10. Comparison of dry matter yields (g/pot) of each pasture species grown
on no lime (M) or lime({_ ) treated soils.
a, b:Means with the same letters within the same group are not significantly

different at the 5% level.
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% Anderson, 1970; Hart %, 1981) Suckling(1975), Boswell %(1979),
28] Edmeades % (1986) & perennial ryegrass+= PRk 3 o] & =lelz Pol.
MiRo2 INEel HES BnmE £R4 Fae=Elzm ot

Table 19. Effects of phosphate application levels on dry matter yield (g/pot) in
individual pasture species.

i Phosphate(kg/10a) Mean
Species
0 20 40 80
d [ b a
Orchardgrass 4,38 26.42 31.01 36. 08 24. 47
d . c b a
Tall fescue 4.28 26. 69 29.58 33.68 23.56
d c b a
Perennial ryegrass 4. 58 28.98 33.42 39.19 26.54
d c b a
Redtop 5.68 27.52 29.92 34.55 24. 42
d c b a
Ladino clover 1.62 23.51 30.86 41.08 24.27

a, b, c, d: Means within the same row with the same superscript letters

are not significantly different at 5% levels.

Table 200 ‘IEbW: #iBKkiEF) B WES B RAEHEAN A= B
Z ERYol EBERE e B 20kg HABEJNME 4.8-6.815 Wi BmE =
ol Rifi, ladino clover: 14.5f& 2 WEEME B KAk fekol s @%F3 &
£ RS Jebidct =3 %& 80kg M kil ME KA HE= EHERH
2 #£RYol EMEE i 6.0-8 2z NES el et TH4E ladino
clovert 25. 4159 @S 2o MEokigo] WMol o} WRBIME AR 4 E
3 BEEE xA el
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Table 20. Relative increases in dry matter yields in individual pasture species by

phosphate application levels.

Phosphate (kg/10a)

Species
0 20 40 80
Orchardgrass 1.0 6.0 7.1 8.2
Tall fesue 1.0 6.2 6.9 7.9
Perennial ryegrass 1.0 6.3 7.3 7.9
Redtop 1.0 4.8 53 6.0
Ladino clover 1.0 14.5 19.1 25. 4

40 7

30 4

204

104

DM yield (g/pot)

ve ¥

y=2.69+1.04x-0.007x2
(r=0.935)
48+1.1x-0.009x2

: r=0.969)

y=6.
o& (
N 5
\\\\{=5.69+l.02x—0.008x
y=7.25+0.96x-0 .OOBxN (r=0.965)
(r=0.949)

y=5.83+1.00x-0.008x2

(r=0.956)
- Orchardgrass
- Tall fescue
- Perennial ryegrass
~ Red top
- Ladino clover

’ T

40 80 P05 (kg/10a)

Fgi. 11. Relationship between phosphate application levels and dry matter yields

in individual pasture species.
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el WA kit AEREEAR] AR E

AURBSIAS S el o)X giEEe) 3RS 2 (Fig 12 38) L& H@olA 1.
m XIEEo) &S] 2R £A et SRR ko] Eindol e} WES ER
foz MmET Qo) ¥ MM(r=0.94)% 2ot e NEREE} TN
wfe} BEES] FEE #k B ol 4@ N SEE T ARGAEL WEe
M-S r=0.702 21| AEesol tool BEE S FolHch o] FHREE FEM KWK
ol A R R 16 KRBl Eobot X mErst 7ol ahak s dehe
2 2(1975), & %(1988) 9] #5%u} Sinclair(1975)1} Zunino % (1973) ) 4ol 4
MK R EFMM A dElted Aol s ik B s ATk
RS Hasln U

uh, EfEF] 5& RNE P ELE

T SERICE W AL Table 210 JEb Aok &5 HEELHNXE (P.O;
mg/pot) < tall fescue® Mg L& Eifo]l B -l 3] AL RN ¥
L mES Mol glo] 5EfE T B fuEclA MUTEL 118.8mg/potell el
WEEH G Lol A 138.9mge 2 12%7F B ENNES JebR et =3 AKX
Mol o3 MR MET L oA Binslx ool MAKE 123 Imgell 3
AREE 134.8mge 2 9%7F o Etoh. o] # R+ Shoop %(1961), Haynes % (19
81), Rangeley % (1986), Lim % Shen(1978)°] HKHiff -2 K& & &8 MmAIA
b= EERe e AT, white cloverold FKHMCZ RN PEEe sl
t}= Lowther 3 Adams(1970)9) #i#59b+= #ER = lch

g Rl w2 MRS HHol wet %4 77t o'e] orchardgrassel ¢
AR ol A M E -2 10. lmg/potell FiAF o v, #4E: 20, 40, B0kgRolAM= %
% 108.7, 159.7, 234.6mg/pote g HAE S MWin=o] Dull %(1960),
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Barber(1958), Adams %(1967) = MY &R+ @5 o Aok olF HR< tall
fescue, perennial ryegrass, redtop, ladino clover %ol x v]5=% FHEmE B
o}, v SEHiA R wE RS BEMEAKES] Bl e} #ik WD
513 9lo] orchardgrass®) i@ & 20kgE ol A #&ee] FIMAZE 13.7%F viehdd]
Ho8) #%5Ee 40, 80kgEol A= &% 10.3%, 7.8% 2 &A=l dch o] #RE Hk %(1988)
o] kIR EolA Hels NS o BEMAKIEEC) Bl et PO AR
L A so] BEERIUEES 5% 10%, 15%F mANE o AR &% 2.9%,
2.4%, 1.5%% stobdl #EFol= MME gk, Adams %(1967)& sandy loam 1%
ol 4 bermudagrassol ha¥ #§& 24kg, 48kg, kgd HMARS = P FA%EL
&% 42%, 40%, 31%:e} 3t AREES) semmEucEe] AT A w2 BiEE 2
o]z lol kol ol ubel wEAES FIMAL B AR AT Ao #HER
c}.

Table 21. Effects of lime and phosphate application levels on P,O, recovery in
individual pasture species.

P,Os recovery(mg/pot) P,Os recovery(%)

Species Soil Lime Phosphate Soil Lime Phosphate

B VDB 0 300 0 20 40 80 Mz B OVDE 0 300 0 20 40 80 Mean

Orchardgrass T4 1420 1224 1346 101 1087 159.7 2346 128.¢ 36 114 101 1.2 0 137 103 T8 105
Tall fescue 4.4 1016 102.3 1041 10.8 9.6 130.5 1706 103.2 46 82 52 82 0 124 82 57 87
Perennial ryegrass  116.0 137.2 122.9 130.9 11.7 MLO 1545 230.0 126.8 5.8 1.0 120 108 0 137 101 7.6 105
Redtop 128.2 159.5 138.0 140.9 15.8 8.5 179.9 260.6 143.7 105 121 105 124 0 M2 14 &7 114
Ladino clover 130.5156.3 1308 155.2 5.0 121 1831 2735 143.5 112 130 1.0 130 0 149 14 94 121

Mean (8.8 138.9 1231 1348 10.8 1082 161.€ 2344 - 101 12 @1 12 0 13T 5 T8 105

Recovery(%)=100 {P(mg) recovered in pasture species grown on soil with P
applied—P(mg) recovered in pasture species grown on soil without
P applied)/P(mg) applied
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3. Bl % mEsmAl o8t wEel MBS 2 WL

7b. %) teEe] EARS SR

+IG e mEMES SRS Table 22614 2t vish Zoh

SEfE ¥ PO SRS B tMA 0.196%d L mEEEE L2 0.211%2
11%7} =9tc}. &% P2 RS 2 orchardgrass$} perennial ryegrasst &£t
ol 3 MEGEE MM ¥ FR(P(.01)F vebU tall fescue, redtop,
ladino clover $°] P& &2 il HEZEE ok

=% K, Ca SE & Bl 2 ¥ s BREEG TN Fol 53
ladino cloverol A Cag @& K&iHgHEol 3 2-3(82 & T Yeld R\
Mg, Zn, Fe%o a@e & #igold LMW 2 287 giglch ok Zel P, K,
Ca 59 @mEGEtMols & R RWBE LN Batfol il BRI
o S BmaEE 2lo) Fol AN P %S BMAZ dioe AR
(& %, 1977; #) %, 1978; F % 1983).

Y. mikiEAo] o drEe] |ERS TREI(L

BRAMA MAREAMS ER mERS & (Table 23 BR) 2 MAKES
SEf iy Pol &iko] 0.202%2ldl i3] AKEE 0.203%] FBs ARMEME
=g ®wme ¢ledch. 22y Juo 9 Ballaux(1977), Kowalenko %(1980), 8 %
(1982) & GRMEMoZ HERNS Piol EmMIL HEdd & ApERe 52
ZRE Jeligld. &5 PY &8-S redtop. ladino clover o] ojx Hik REE
EE fhiigo] a3 =2 PERS 2o =¢ Ca, Mg= PR} ¥&3 MEd
2od AR MARCA & ET 2o olF R4S HLAKAN &F R Cal,
MgO %ol 2A fEME Aed Az a3y BREALE K& K, Fe &
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Table 22.Mineral contents in individual pasture species grown of different types

of soil, averaged over lime and phophate application levels.

Content (%) Zn Fe
Soil Species
P K Ca Mg (ppm) (ppm)
Black soil Orchardgrass 0.178 2.828 0.397 0.476 120.1 219.0
Tall fescue 0.175 2.612 0.403 0.496 107.7 266.3

"Perennial ryegrass 0.177 2.659 0.396 0.384 104.1 327.9
Redtop 1.224 3.005 0.391 0.328 131.1 3955
Ladino clover 1.224 2.803 1.277 0.672 133.3 5l11.6

Mean 0.196 2.781 0.573 0.471 119.3 344.1
Very dark Orchardgrass 0.218 3.605 0.427 0.473 107.4 213.0
brown soil Tall fescue 0.165 3.642 0.408 0.472 87.7 279.2
Perennial ryegrass 0.200 3.348 0.434 0.3%4 103.3 331.5
Redtop 0.250 3.775 0.400 0.292 117.2 403.5
Ladino clover 0.221 2.805 1.366 0.568 132.2 474.8
Mean 0.211- 3.435 ,0.607  0.440 109.6 340.4
Singnific- Orchardgrass * X * % * N S N S NS
ance
Tall fescue NS * % N S NS N S NS
Perennial ryegrass * % * N S N S N S NS
Redtop N S N S N S * * NS
Ladino clover NS N S * * N S NS

*x p<0.05, *x*; p<0.01
NS:; Not singnificant



Table 23. Mineral contents in individual pasture species grown on soils fertilized
with or without lime, averaged over different types of soil and phos-

phate application levels.

Content (%) Zn Fe

Lime Species
P K Ca Mg (ppm) (ppm)

Non-lime Orchardgrass 0.196 3.225 0.364 0.427 119.1 221.8

Tall fescue 0.175 3.076 0.372 0.447 85.8 277.8
Perennial ryegrass 0.182 3.058 0.360 0.363 106.2 335.5
Redtop 0.229 3.485 0.342 0.292 124.4 397.6
Ladino clover 0.229 2.840 1.153 0.630 135.2 468.8
Mean 0.202 3.137 0.518 0.432 116.1 340.3
Lime Orchardgrass 0.201 3.208 0.460 0.522 107.6 210.1
(300kg/10a) Tall fescue 0.164 3.178 0.439 0.521 99.7 267.7

Perennial ryegrass 0.189 2.948 0.471 0.461 101.1 323.9

Redtop 0.245 3.298 0.448 0.327 123.9 401.3
Ladino clover 0.216 2.769 1.490 0.610 130.3 517.6
Mean 0.203 = 3.080  0.662 ' 0.479 112.5 344.1
Srilncgeniﬁc- Orchardgrass NS NS x k% NS NS
Tall fescue NS NS x * X NS NS
Perennial ryegrass NS NS X X% x X * X% NS
Redtop NS NS X X * % NS NS

Ladino clover NS NS * X NS X X NS

* p<0.05, * x; p<0.01
NS: Not singnificant



o= 2 B x| Yskov, Zn & 8-L perennial ryegrass$} ladino cloverol] A
288 AKREALR Mo sEls HEE ehbdlade o] ¥R+ Kowalenko % (1980),
8 %(1982) = AKRMIALZ K, Zn SRolv £H7 ¢sleA Feg B AKRMA
o2 MmEdes #R M

o BEHA ki oY HEe P, Ca 3yl Mg #b

B Ak o2 B3 P, Ca, Mg &< Table 249 Zct. Orchardgrass
9 8 POl SRS EMEEINA 0.102%] F@M #& 20, 40, 80kg/10a K
ol M= &% 0.177, 0.228, 0.286%% SAE 3| EAsI2o tall fescue, peren-
nial ryegrass, redtop, ladino cloverSolAl % u|s=q M-S Bo TE A
ARMRAKEC) Bl et & PFR(P{.01)% etllet. o #HR< Stan-
ford % (1955), Terman % (1960), Shenk % (1979), Cassman % (1981), 4(1984)
of MEY J/EMMAAKigo] WPl e} KRN PFE] Bk RS
—EE 2 o

EE7 P2ES redtopel 0.237%2 7% =¢k3 ladino clover, orchardgrass,
perennial ryegrass, tall fescue =92 JEelxket. 22} redtopo] B S &) *
okl AL fhE ol I3l {RokiE PHiol A= i§EM o] 4t R Y (Jackman %,
1972; Mount %, 1984), P Rz Hol 23 g% ol shvtebx #5483t ¢lei(Tanaka
%, 1984), redtopo] PO MRE figfERc o ¥ Ao Azsd =¥ Ca,
Mg SRE BEEAKE] Bindol wel =& FEiEolA By AL BARBRIE
FAHA BIXS CaO(30%), MgO(12%) #F ol %Rl A% 2oz HEH

2t B KiE 93 #E& K, Na, Zn ¥ Fe 5&
BmE Ak o2 BT K, Na, Zn, Fe $2%({t+ Table 25014 ¥+ u}¢}
2ol 45 KRS Bl £49 RS Yl gloy o8 HiEY #
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Tabel 24. Effects of phosphate application levels on P, Ca and Mg concentration
(%) in individual pasture species, averaged over soil types and lime

levels,
Phosphate (kg/10a)
Mineral Species 0 20 40 80 Mean Signficance

P Orchardgrass 0.102 0.177 0.228 0.286 0.198 * X
Tall fescue 0.092 0.164 0.198 0.225 0.170 * %
Perennial ryegrass 0.094 0.171 0.209 0.266 0.185 * %
Redtop 0.122 0.205 0.279 0.342 0.237 * %
Ladino clover 0.104 0.228 0.264 0.295 0.223 * X
Mean 0.103 0.200 0.236 0.283 - - q

Ca  Orchardgrass 0.319 0.425 0.468 0.436 0.412 * *
Tall fescue 0.380 0.419 0.429 0.394 0.406 NS
Perennial ryegrass ~ 0.343 0.407 0.456 0.455 0.416 * X
Redtop 0.350 0.399 0.432 0.400 0.395 *
Ladino clover 1.021 1.442 1.438 1.368 1.322 * %
Mean 0. 485 0.618, 0.645 0.614 i -

Mg Orchardgrass 0.382 0.475 0.503 0.538 0.475 * X
Tall fescue 0.358 0.463 0.515 0.601 0.484 * X
Perennial ryegrass 0.263 0.372 0.431 0.491 0.484 * x
Redtop 0.246 0.277 0.324 0.393 0.310 *
Ladino clover 0.355 0.602 0.714 0.808 0.620 * X
Mean 0.321 0.438 0.497 0.566 - -

* ;P<0.05, * % :P<0.01
NS;Not significant
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Table 25. Effects of phosphate application levels on K, Na, Zn and Fe
concentrations (%) in individual pasture species, averaged over soil
types and lime levels,

Phosphate(kg/10a)
Maneral Species
0 20 40 80 Mean Signficance
K (%) Orchardgrass 3.600 3.473 3.141 2.562 3.216 *
Tall fescue 3.075 3.414 3.151 2.869 3.127 NS
Perennial ryegrass 3.890 2.970 2.626 2.527 3.004 * %
Redtop 3.328 3.807 3.454 2.977 3.390 NS
Ladino clover 2.851 3.475 2.779 2.112 2.804 *
Mean 3.349 3.428 3.030 2.627 - -
Na(ppm)Orchardgrass 0.048 0.111 0.150 0.194 0.126 *
Tall fescue 0.063 0.090 0.118 0.164 0.109 * %
Perennial ryegrass 0.083 0.211 0.249 0.280 0.206 * X
Redtop 0.068 0.144 0.179 0.248 0.160 * ok
Ladino clover 0.076 0.223 9.249 0.261 0.202 * X
Mean 0.068 0.156 0.189 0.229 - -
Zn(ppm) Orchardgrass 116.4 107.0 106.1 125.5 113.7 NS
Tall fescue 87.7 102.8 93.8 106.5 97.7 NS
Perennial ryegrass 96.6 98.7 113.1 106.2 103.7 NS
Redtop 139.2 123.5 117.1 116.2 124.2 NS
Ladino clover 124.6 128.6 143.5 134.3 132.7 NS
Mean 112.9 112.1 114.9 117.7 - -
Fe(ppm) Orchardgrass 305.8 209.8 182.2 166.0 216.0 *
Tall fescue 433.1 235.6 222.9 219.3 272.7 * %
Perennial ryegrass 514.0 271.8 285.2 247.9 329.7 * %
Redtop 891.6 270.7 2353 200.5 399.5 * %
Ladino clover 968.3 377.8 328.6 298.0 493.2 * X
Mean 622.6 273.1 250.8 226.3 - -

* ;P<0. 05, * % :P<0.01
NS:Not significant
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M kigo] MmIol =l KeEe RosEE Mme 2o tall fescue,
redtop, ladino clover 5-¢& % 20kgBEelA $4 & K&k$ 24 o] HRE
Shoop %(1961) o tall fescue, redtop, ladino cloverol W& MANES = B4
MR kol 4 Kg ol Tolaiche #Ree MUY, BB RN HREHA
Kiko] ZolAol wet KEgRE Eolzctn ¥ Langlands %(1979) ] #isst= £
7} ot €% Nag e BE #olx Piimel Bmiel oet BE S (P0.01
M@=l gl od, Kashirad %(1978) ¢ cowpeaol s #iitifA kel Eotds% HWR
Ao Naz e Bmsidche #Eg o o 22y Zna ke L& HMdolA P
M /ol whet ol m @kE JehiA ko) Feg @ WMol Bingol
obe} H#EE o 2 (P0.01) A& 2ot Haynes %(1981) = Bk BEBEASE
+1HA Fex ol %3 R #R2F ¥ o ¥ EMo] HBEA=

Felfll & A7 Heg #HEA

GBI ReXURTENAM BR X BEEAC BEAE K % WEMALL
F0 0|X= BN

1. AR ¥ SEEAc 8 T2l {LBE WL

3EMol AR BBKE RSB & KB e pH, OM 223 EBW ¥ &
&2 Table 260 viebd uhs} 2ot

ARHEA % +1W pH B|mE EEKE 54760 b3 AKE(300kg/10a) ol A
£ 5972 o4 EmEdey Hitemel AEEE JelhdA Qe KEEFA ¥
2% pH 6.0-6.5(Haynes 1981, 1983) #E@olt =lxx X3t olshito]l R
+18 pHE kit A pHE 6.0-6. 52 #|hnAl717] 3844 10a¥ 1, 000-2, 000kg
o) HIRE MAEel Tohe M H(1978) S #EY & = & RglA HAR
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K (300kg/10a) & pHE ¥8lvdl REUD 2oz Azsich 2 8 2(1982)
# During(1972), Edmeades % (1984) o] #iitol ha¥ 2.5% ¢ AKE MM P
pH 0.2-0. 38477} Bin=lddchs B £ R &2 BEusigdoo & =(1984)
E kilktellA 10a% 500kgs #iA N2 = 0.68 7 #¥ms pH 5.8 #iEg 0
At

BmEHA ol 2lsiA L1 pHE T #R7} glo] WAL 5. 8ol ool #5&E 20, 40,
80kgloll Al &% 5.8 5.9, 594tk o] #RE tk H(1988)9) ALkt ik
BWIES HWARS = pH7F EobAche @5y ) %(1978) o] IR Ca0, MgO
%¥o] pH Bl HH A EMUcs HRE 2 Mmook

THRA AR STES ORERARSYS DKEHERY &% 17.7, 2. 4ppme
2 ARBAA ¥ A% SRS BES WmEct o) &5 spodosol o]}
oxisol tTilellX LXKMALZ Al SEol B|MmMIUcs #H4 (Bennett =
1968; Adams 3l Pearson 1967; Jackson %, 1967)9} —#3t2 ¢lo i} ultisol 11K
A= 238 EARMMoZ Hml#ol A s Soltanpour % (1974),
Haynes(1982) #iirohe 4K #F-T Jebiz Aok 28v BREMSZ H2
wE TR RN FES BREM o HMA i ALS Rk AA G5
B RS BAZ & o BR(F % 1975 K %, 1975 01 %, 1978, &
¥, 1984) ¢} sl @ 4 Qlc)

ARHE RS SRR Kol Mingol el BEE S W/ =o) (P0.01) ik
I 6. 2ppmoll ool #58% 20, 40, 80kgEEol M= &% 12.2, 34.6, 4. dppmoz W
M=t ol #RE #b %(1988), Haynes % (1981), Mackay % (1985). Greeve
3 Sumner(1970) %= MEY HEE HEHT Qo KRBT 4 E AT
LEY +EA BIE A%h%% 28 100ppm (2 Hoki e, 1967)oll= A vlx= 2
&gl

Ca, MgZ &= ARV WEIEM o2 Wl Felo] Wipsiglon] o= %4 Ak
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v BEBERY 43 CaO, MgO %ol 2A ffHY Aoz BHEEH, Xxlikt
A FRE RS #idlr] 3ld ZTLHEK, HKA, BREE 59 Al &

Eaotn feaste ook (F %, 1975 K ¥ 1975; ¥ %, 1978)

Table 26. Changes in chemical characteristics of the soil after the 3-year

experiment.

Lime Phosphate pH OM AV.P,0, TN Ex. cations(me/100g) CEC
(kg/102) (kg/102)  (1:5 (%) (ppm) (%) K Ca Mg Na  (me/100g)
0 0 573 17.6 45 0.50 0.54 0.63 0.35 0.29 16.8

20 570 17.1 8.4 0.48 0.34 2.17 0.78 0.33 18.9

40 578 16.0 20.8 0.49 0.31 2.78 1.33 0.29 18.4

60 576 15.5 37.7 9.50 0.30 3.06 1.8 0.30 19.4

Mean  5.74 16.6 17.9 0.49 0.37 2.16 1.09 0.30 18.4

300 0 593 17.1 7.9 0.43 0.59 3.98 1.67 0.30 21.2
20 58 160 159 0.52 0.38 3.57 2.52 0.30 20.6

40  6.05 155 484 0.47 0.38 4.48 3.78 0.20 22.0

60  6.09 17.6 45.2 0.45 0.39 578 4.27 0.30 23.7

Mean 597 1.66 29.4 0.47 0.44 4.45 3.06 0.30 21.9

* Mean of 4 soil samples taken at 0-20em in depth.

2. AR ¥ SEER KER HE iR

B Y BEmA A3 3EMe S Table 27 o Fig. 14004 2= nish
Zeb BRY M-S WEEmnd o HEE FAod Hiterd FEEE dido
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a2 SR o) o2 IR BT 3EM T 10a¥ LR BE8
Ei7} 488. 3kgoll it} #4& 20, 40, 60kgEolAM+& &% 1,024, 1,137, 1,202kge =
KM & AEEE 25 H(P.01), #5820, 40, 60kg Kkl & ZR7}
giglch. ol & %H(1984) ) BMeHiAm 58 (0-30kg/10a) ol A #EHEEIE oF 10kgkE fd
ol HEIES R/ §kor} 10kg 30kgEMAAE ¥ 2R/ ddds &E
v, wele KEE AIMY Ak %H(1988), # F(1978) = MSEEHITE S St ME Rl
S E 2827 e HRE Fx K5} MOEA

Table 27. Effects of lime and phosphate application levels on dry matter yields in
mixed sward (kg/10a)

Lime Phosphate Year
(kg/10a) (kg/10a) ‘84 ‘85 '86 Mean
0o . 0 307.6 577.8 415. 4 433.5
20 1,096.3 919.9 949. 6 988. 5
40 1,235.6 1,088.7 1,062.7 1,129.6
60 1,332.8 1,132.5 1,150.5 1,205.3
Mean 993.1 929.7 894. 6 939.1
300 0 461.5 623.6 544. 1 543.1
20 1,177.7 961. 8 1,039.9 1,059.8
40 1,257.7 1.059.9 1,116.1 1,144. 4
60 1,278.7 1,121.5 1,196. 4 1,199.1
Mean 1,044. 1 941.7 974.1 986. 6
L.S.D Lime NS NS NS NS
Phosphate 169. 2** 96. 2** 96. 1** 96. 2**
LxP NS NS NS NS
* % :P<0.01

NS:Not signifincant
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DM yield (kg/10a)

¥=451,1+30.23x-0.299x2

10007 -
4 (£=0.983*")

¥=563.2+27.59x-0. 289x2

3 1 i(r=0.976**)
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0 20 40 60

P05 levels (kg/l0a)

Fig. 13. Relationship between DM vyields in mixed
sward and phosphate application levels with
no—lime(— « —) or lime (— a —)
treatment.

500+ \,
y=52.8+15.67x-0.148%2

{r=0.951"")
4 y-117 7+5.83x-0.062x2
(r=0.919"*)

/‘—\A
. »” y=107.6+3,20x-0,033x2
= l‘r=0.817g'l X
—
,;/6—“‘
y=122.1+1.72%~0.016x2
¥ — o Ar=0.648"")

& & —
7———_\ =09, 4+0.78x-0.015x2

(r=0.226)

0 20 40 60
P05 levels (kg/10a)

Fig. 14. Relationship between DM vyields in mixed
sward and phosphate application levels in
different cutting times (— « — 1st cut, — a
—2nd cut, —x—3rd cut, — o —4th cut, —
2L —5th cut, 1986).
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F2M EHRES o= BBAMV IRFEES Wiel /M w3ter 2k 9 3Kk
FER EATE wel RS Kk KA EE gme 24

XEEERIo) w2 o] RS 2d(Fig. 14 38) 10 AEEol #Eks] zhR7
78 ol B H > e E= e Mkt Y=>52.8+15. 7X—0. 148X*; r=0.951%
Baev, XEEEEZE ETEl wel MR R Elo] SEXIEEYE Y=99.4+0.78
X-0.015X?*; r=0.226% 2o H&EHRc HEI Ho =AU oy BEE
Sinclair (1975), Keay #(1975), Zunino %(1973) = BEMMA Y #EE HEY W
WEFA 717 dchs &Ed el kEE HEUS o 5ol AT #%
o] HRT ERI7L AT e} #k B s dohs 9 F(1978) ) BEE 2 o Al
WEUR 7} EATEoll whe} Rigol AT BB LFE P #k E sl EHE
of u|X+= HWERHRE HlA Aoz gz

3. AR N BEBEA K3 HEMALLE

Ak Y BEERAC] W 4R kA Table 273 Fig. 150l B npol ot
WERR LAY ERMEANA EhEY £E2 A Fuad KE KAk 4H4#
¢l redtope] 2 A 4 =%t oo L #RE Mouat(1983) W Jackman % (1972)
ol #iggo] TR A t1EollA] redtopd EFMMI HKEE RIS B/MAIA white clove
r& MEBA7IZ =3 £Fo| #THA redtope BHg 719 matz o E RE
HWE £FS WRBAINGT EH L o & 8ol M E redtope] 70-80%2 .5
AL #% R Aol 22 kg £719) mats o HHEY AFT 24 MHA
71 ez #EAch oy BEMMEN A= Kigh) 2 #5790 orchardgrassz}
50-60%2 ¥ ttadE Jeldxn ed k8 tall fescue, perennial ryegrarss%-&
10-20%. ladino clover= 15-20%% Jiebwo b $iA%HEA 2 ladino clover® Moz
< %4 W=l EEe 2ok oleh 2o] WEsMiMEE ol A orchardgrasszt 2 A
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Table 28. Effects of lime and phosphate application levels on the botanical
composition in mixed sward.

Non-lime lime

Year Phosphate
Grasses Legumes Weeds Grasses Legumes Weeds

‘84 0 70.0 - 30.0 69. 4 1.7 28.9
Spring 20 93.2 3.5 3.3 94.7 3.9 1.4
40 92.9 4.8 2.3 91.7 4.4 3.9

60 92.4 5.2 2.4 95.4 41 0.5

Mean 87.1 3.4 9.5 87.8 3.5 8.7

‘84 0 86.6 + 13.4 87.3 - 12.7
Autumn 20 74.8 2.8 3.4 78.6 20.7 0.7
40 72.6 19.5 7.9 73.2 26.5 0.3

60 77.4 20.8 1.8 70.9 28.9 0.2

Mean 77.9 15.5 6.6 71.5 19.0 3.5

'85 0 96.6 - 3.4 93.9 - 6.1
Autumn 20 86.6 13.4 . 83.9 16. 1 -
40 87.0 13.0 - 76.8 . 23.2 -

60 88.0 12.0 - 80.9 19.1 -

Mean 88.5 9.6 0.9 83.9 14.6 1.5

‘86 0 91.5 - 8.6 89.3 - 10.7
Autumn 20 84.4 13.4 0.6 70.5 29.0 0.5
40 70.3 29.7 . 62.5 36.5 -

60 66.8 31.8 1.4 72.3 27.7 -

Mean 77.3 18.7 3.0 74. 4 23.6 2.0
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Non-lime

Botanical compostion($)

Botanical compostion($)

'84 '84 '85 '86
Sp. Au. Au. Au,
0 20 40 60
Phosphate levels

Fig. 15. Effects of lime and phosphate treatments on the botanical composition in
mixed sward (Sp; Spring, Au: Autumn,

» Orchardgrass, £33 : Tall fescue, ll: Perennial ryegrass, £ Redtop,

. Ladino clovdr, %% : weeds).

1
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EEX FHRS o2 #fo sl Eaio] B2 (Table 7 M), o] HEE A=
Hgol At Axlels EMito] W #HMo g (4 %, 1968) %2 pHY SIS Eo
T EMfto] 33| 43led(Tanaka %, 1984) ol & Hio) td) & HAES AT

Aoz Az,

4. HES EMAS 2R

REERAY] mEERS FE-S Table 290 lebuigict

RIEEMe] P2 RS AKMARY ERKEM & #5788l 0.23-0. 24% % B4
Akl =& H#Ee PEREE & #&7F glsldhe Shoop %(1961).
Davis(1981), Rangeley ! Bolton(1986), ¥ % (1984) & # 5.9 #Ust Qo). 2 &
v MR kiko) Yol WetA PR RS Bi¥E S WSl ol AR-EsE
Bt 0. 14% F:BH ot ¥l 20, 40, 60kgkikolA= %% 0.23, 0.27, 0.29%2
EmERer o] 2 RS BAKEINAE vy HEE 2o}

& CagRE AKES EAKEM T ZR71 glol 0.38-0.39%F el
AR A3 4HEAR CagRe 2 HES U2 4Udct:E Rangeley o
Bolton(1986), £ % (1984) o} #E= —HKSL dey AKRMA 28t 4=
A Ca &2 BE 3| BmMsiglct& Shoop % (1961) 7 Davis(1981) & #4&9}= 48
REE #£2h o9k o] ARMALE Cag o] ZRE ¥ol: AL +foly
Biol wel ARMAY #HE b e Ao #HESY, & K5l HmAS Ak (30
Okg/10a)+ Caz &S #EmAl7lcdl £ kBEUL Aoz 4z

Mgl o2 HEA CaZRE BAMEY BE 0kgEMlE &% 0.25,
0.41%=2 Z ZREF Lo HEHEA KM (20, 40, 60kg/l10a)ols 2 2R ol
0.40-0.46%% &S el Qlo] HEAEFH $hZkika 0.3%(McNaught, 197
0ol lEslAlE 25 ¥& aRE ##sdt =8 Mg RE ®EKE 0.32%) H
& AREE0.39%2 52 1M (P<0.05) & Bolx Qoo gl osids Mgy
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e gEEs ®mP.01) I Fik—EBERE L 0.28%l sl s 20, 40, 60ke
EolA %% 0.41, 0.43, 0.49%% tebuiglch 22iut oloh 2& HEAR MgE R
grass tetany”} B4 == Mg& R 0.2% _LJTKKE(KemD. 1960) Bche & SRS
et

Table 29. Effects of lime and phosphate application levels on mineral contents in
mixed sward, averaged over all cuts ('84-'86).

Contents (%)
Lime Phosphate
P K Ca Mg
0 0 0. 14 2.57 0.23 0.17
20 0.23 3.25 0.42 0.32
40 0.29 3.67 0.45 0.40
60 0.31 3.47 0.43 0. 40
Mean 0.24 3.24 0.38 0.32
300 0 0.14 3.16 0.26 0.28
20 0.23 3.58 0. 40 0.41
40 0.27 3.57 0.45 0.43
60 0.29 3.50 0. 46 0.45
Mean 0.23 3.45 0.39 0.39
LSD Lime NS NS NS 0. 043*
Phosphate 0. 035** 0. 484** 0. 097** 0.097**
Lime x Phosphate NS NS NS NS

%*;P<0.05 * x;P0.10
NS;Not signifincant
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V. & &

PAGES LA TR Y RE Y BERETHE KUKIES R = o
glo} allophanesl] 913t #Eeel Fisfbol =tE AR I, MEBM TRA
iy 3 2 i pHZE o2 Wald HEEF T3 FHY LEKEHe 7HAD
gich. el ol KLKELWS FRIES WAt 4o AERS BWAIT
AL M EEBE Y kikslolAol ¥ B AWt webA F L o]
5 +olA kAo Moz FMElZ gt orchardgrass, tall fescue,
perennial ryegrass. redtop, ladino clover % 5&#-2 Bi§ ¥ Rigsted Ak, 30
Okg/10a) 9} MMM Aik(0, 20, 40, 80(60)kg/10a) & gyl el ML,
BE R, MER ERES SR Y HERRLE FE MUl HEHER Y B
A Aol WAY MEERS BIsiTA potiis o EBRMO2 B RITH
%At

BB 1> BR W SERA Kol KLRLES| FLea R N R e
440l 0jX= KR (pot BB

1. ML

7}, o] pHE Zatfol s BEEa Mol A4 Jehgte o (P0.01)
=3 BRAAS EHAERY &% 5.46, 53602 AEZ(PO.0DF 4
Ebich &R kikol oteldE Binsliol B 0, 20, 40, 80kgE A
%% 5.12, 5.44, 5.53, 5.70% yebW=H(P<0. 01).
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U LR AR SRS BE Lol 15.28ppmal el Hool BEEBE 1R 5h
28ppmeo.2 AEH ER(PO.0DF 292, HHHMMES 5 i6ME Kol =
T ZRgle] 33.4-36. lppmeol gl o o] #RE kol wlel = EHE S| W of
SAREE 5. 3ppmoll b3 5% 20, 40, 80kgEoNA &% 13.4, 41.2, 79.2
PPMEE ki £ AEEPO.0)E vebych

o Cag e & Mol 2 =Rob ddlovh, GREABES ®EKE
2. 00me/100go i3] ARES= 3. 78me/100g L2 =2 BinE 4o
(P<0.01), s s FR ol Q13 A = Bins] o] MEBBE 1. 84me/100gol t: 3l #%
B 20, 40, 80kg KkiEolA &% 2.63, 3.18, 3. 92me/100g2 2 }E}LH
(P0.01). £% Mg = tMMol= 2 2%glo] 1881 79me/100g0] 5o
v GRS 2 2. 28me/100g2. & s oo o, BEREHLAR kil ulela
= BRES) B 9P, 01).

o WEEHEE(CEC)S 26 170] 24. 64me/100ge] Ho ol ARG He 18,
bme/100g2 2 W& BT 2T (PO.01), HRMMEL 9%} s
22.5F “EbW 2o (PC0.01), #5EeHifm Kitol] ale} Az Binsle] mgREE
20. 2me/100gol tb3) %A% 20, 40, 80kgE ol 41 % % 21. 4. 23. 4, 25.3me/100g
©.2 ®|sYcHP. 01).

o}, Ko Naz @& Moyt ARMARM 2 2870 Uxlenl MEHm Aol
At EEBEAA K2l 54 oo

uh. RATGMEMEE] AP 3 Fe-P2BS RSB L] o) 2@ 1Mol =
ko VH(PCO.01) BHRMMO] G% ERE U, WEHEM Kikol e
o abeb BAE | 0= ek, 01).

2. BELEE W Y £ER
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7h HEY BERE TE HHA Zftfol i RGN wdos(P
<0.01) AXRHEAMS ZhE+E ladino cloverd B/ ¥ ZE #Hf@olA 2 2R
7t golevt et kil el 2 Mo RS @ (P0.01).

1. Orchardgrass®] g#pi< t@fels ZR7 oy, AKRSY B8Rk
Aol ol3le] IS BRE S W=l 2o (P0.01), ®BHEEE 4. 38g/potoll
fesh 8% 20, 40, 80kg koA &%& 26.4, 31.0, 36.08g/pot> 2 Him
(P<0.01) = %det

ot Tall fescued] #piEE tHEMols 2R/ daod, BRY BEHAS
2 & WEEmP0.01) & veb il

2t. Perennial ryegrass®] ##i&-& HKKiA g WRERE o #
MMz i \mPO.01)& ebyct

ol. Redtop BXAMALEZ INEEME oy B tMol sl BEEEt
ol A & RS JellT EBMIE 5 68g/potoll 3] & 20, 40,
80kg Kol A & & 27.5, 29.9, 34.5g/pote.2 HEE #Bin(PL.01)E
Ebliot.

¥l. Ladino clover®] ke REEBEIEI AKGAN o3t #|m
(P<€0.01) SA%lec] misEE 1. 62g/potoll tosl B®e 20, 40, 80kgk ol A
%% 13.5, 30.8, 41.0g/potoz FH#Eey #|m(P0.01)F rebich

Ab AVEESRG) SRR LT Mol 1@ Mol ¥t o] SR
Kzt gty W] MRS r=0.932¢ Jeli oo XREI 7} #TH
of oz} WMEZHRE WK WA slol 4@ KBS ML r=0. 71303}

3 HEe mMESER

7}. Orchardgrass, perennial ryegrass %2 PR RS RERE LA A e
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=] (P<0.01), tall fescue, redtop 28|3 ladino clovere] P& &< iR
Zb elolel Ca, Mg &S ladino clovergho] iREER{E 1A A %o
v RARRHMEE LigRel ERE ¢ldct

AKREAA ¥ P, KERES ZE& HiEol4 2R glgley Ca, Mg2 &
L BRI 2 BES EinsAcH(P.01). ko] B oat =
E #fo| P, Ca, MgZEE H|isyo(P.01), tall fescued) Caz i
& ®Loh dade '

Keie 52 Hfo] mlEENA w3tov] Na, Feg S #kko] Min
ol obeb 8HE S| 4 (P0.01-P<0.05) =lgevt Zna @ W ARl
ZR7F g

B EUES Y Efo] B bl il BB E TiRA wWoke o
AKMALeE BmEIQAc SEH Fi SEEEUNALS 6 Lol 10. 1%l
ol mEER e tme 11. 2% o0 HEtmEo) |Mingol el EUNES &
Aslo] #EE 20, 40, 80kgolld &£%& 13.7, 10.5, 7.8%% v gich

BRI REALRERM BR X SEER KEO| EEHNKES Kl % ¥
MALLEO| ORI EE(MSH%R)

7}

3.

+1®e] pHE AKX 300kg/10a AL 2 0.23 Bzl #ms 5 978 Jeplz,
B KM 2 2871 ¢l

HFRaE SRS E8EE 17 9ppmolits] BKES 24. 9ppmeol 2= Rk
A 2% 2R EHAE 6. 2ppmoll M3 Bi& 20, 40, 60kg EoAA &
% 12.2, 34.6, 41.2ppmo 2 B|hn=lsdch

102 #%E9 wHNES BHEIKE 939 lkgol 3] AIKE 986.6kg2 & |
mEdev Hathoel AREEE Usich WEMA Kol = EAKE 488
2kgoll 3} &k 20, 40, 60kgEolAM = %4 1,024.2, 1,137.0, 1,202.2kg
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o' M £ FEE(PO.01)E 2

2. Ladino clover®] &L HAKMMLo2 Binslo] MAKE 11.8%el k3l &
KET 15.2%F Jelsdch EBEECIA cloverd £H2 A9 Ky
K& redtope A B (70-80%) S ek 2o} SR AL kit
2 #Rglol orchardgrass 50-60%, tall fescue, perennial ryegrass 10-20
%, ladino clover 15-20%< Ht.&& JelWch

of. % #A P TR BKMAM 2 Z£Rgo) 0.23-0.24%F 2o HE
Aol = ®mBEBRE 0. 14%0) tb3] B8 20, 40, 60kgEoIA+ && 0.23,
0.28, 0.30%% et} Ca, MgE = AKXV KR 22 Bins ot

ol 4 #REE Hod 1 Bk B F—Kkiko= HANE o BHtimd
WO MBS Mol A i pH, A% SRS Tio) M=ol HE SER
€ oS %Y Aoz BRch 4Eo] MEARE(,000-1, 200kg/10a) ¢ A &
& HARE 10a% BEEETMA 300kg ZE T BE LMol AL 300-500kgS
HASE 2ol KUY Aoz AL BEHARS REHMEINE 10a%
20-40kg, HhHLE oA E 40-60kg ko 2 S o) EWEMO| N E 102 20-40kg
HAoz BIE4AES #FAZL + e Aoz Y4
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