o FR UL ARFRATT 0 A 2R T
Bull. Apple Exp. Stn. Aomori Prefee. Agric. Forest. Res. Cent. 35:53-97, 2008

JOOdBAERDHEREICEAT 4R

T

(HFHRIREKRRAGIEE 2 — 0 A TR ERY)

e

Studies on the Composting of Apple Prunings

Kiyoshi Sakamoto

Apple Experiment Station, Aomori Prefectural Agriculture and Forestry Research Center
Kuroishi Aomori, 036—0332 Japan

X—0 — K U:/ijt}_‘/\/l/d:jj:iy 7‘/7{*ﬁf§?, ﬂfﬂ[ﬂﬂ:, F{%%ﬂ, %%/}fﬁ, iﬁ:fﬁjﬁ{f,
BRUHEN, 8099

200749 H 1 H=ZH
VT, HEAaBRBEKRAEMIEE L X — Y Aomori Prefectural Agriculture and lForestry Research
Center

AT ILE T RN AR s L TR ST,



FREBEHEOUTEL > 7y — 0 A TRBSE#T %355 (2008)

B R

%g— % ............................................................................................................ 56
I > T AR O EAL & IR JUET F 7 THIEDWE  oorrersonsssnnsssnsenen 58
I R ot 0 7 T 58
1) U 2T RATALDI T 5 TAE crreeerrremmn e 58
D) HENRALOD I +oreeerreeee e 58
3) ,ﬂ:qé/nxm ......................................................................................................... 59
1) T 1 ) VPR EEE OIS vevveeerrsrrersmnnererinttea ettt 59
5) A ASERCHENR DRI R L B AT vvevrreeremmrreeeerermmnnttte et 59
6) A TELNR— L G YREER e 59
7)Y F IR A A 77 BRI AR veeeeereee e e 60
8) ﬁaﬂl—%fﬂ{ ......................................................................................................... 60
2. {flji% ) %'gg ......................................................................................................... 60
1) FH L7 AEELT 7 T OPEIR  coreeeemeee e 60
2)  HEMALI OB, AREROT Y EDT H APEHED AL reerreeerrermmrenareenieeneenn 61
3)  HEREIZHES HEMLODPEAR OIZE L ceeervreeerermmeeemmneee st 62
4) BRI DT OPEIRODBAL  coverrere 61
5) iﬁﬁ%iﬁ%ﬁﬂ:&@ﬂ‘?ﬁ et teseeeeetaseecaeentneteatateeteanntectaanteantesentestoarnesnresenraonns 66
6) TV I DT I BT F M e 67
7)) Y TRAERT v T OREETEIE ORIER  veeererrereroreee et 68
3./ PP 68
I EIEMELTORMAEFIREEDOIEA BAEIII FUT T oo 69
L. BEERE T oveeeesremeeeemmmtee e 69
1) ZRERIR OOHEIR  weeeerrereersreesseesomseenttee sttt ettt sttt ettt et 69
D) BRI eeeeereeeeee et 70
3) BAERHENEDBIAIRIT Z DN reeeeeereeeereersmmmmmn ettt 70
1) TV F IR A NI 72 SREEIRER  ceeerrreeermrrere e 70
5)  FFEFMLEI  veeerseeesnnem ettt 70
T ) Do - S PP 70
1) HEMRAL ORI, ZRM A ZPEREDZE[L coeerrrerrerrerererrires i 70
2)  HEHEALTTI O AL 0D ZE AL, wvveeeerveeeeemmnneesenitce e et e sttt st 70
3) RERATMILT L B i 5F OB TR OYIEAL,  +ooeeenveememnnrenmetenteeeett ittt ee et n e 79
4) TV F IR O T I IT T EE  correeee e e 73
5) ) YT AR IEO RGBT AR E RO PR e 73
3. PP 74



WA )y TRAEROHERALIZ Y 54

M MRS R O O i LRI A EIT M T T ettt 74
L. AEEEE JFHE  oreveeereoreemneireites ettt ettt 74
1) GRBRIK ORI cveovereererreosmsemresnssesesset e e et e st ese et st e e s st ese st et ae e ae s ae s 74
2) ,f[:l‘—j,‘:ﬁ\/lcﬁ» ......................................................................................................... 75
3) ,ﬁ-/‘/ E*iiﬁ;gma)*i?%c: ‘l ZJ ﬁj\[ﬂﬂ ........................................................................... 75
1) T F IR % 72 2REEIUER  weevevereresereset ettt 75
5)  BEEFMLEE  «orervereseesentote ettt ettt 75
D EEHLE ZBL  ceeeeieieei ettt 75
1) lﬁEHE,TELPO)m%l'{/z‘E{B .......................................................................................... 75
) HEMEARIE O ALZEPE DY B L cvevereevereeserminsserestesit et et te ettt sa bt eb s 76
3)  RRITIND L DT OPEIRDIEAL  weevererermrmrrssesemeie sttt 78
L) T F RO ET I BUET B oo 78
5) U Y I A ERHEMI O BERE T OO LLEE  cveeveereereereereeeeeeent et 79
3. h PSPPI 0

V U YIHACHMEEOREH A1 AN Sh L B (Malus prunifolia) ORI

(Helicobasidium mompa) %Jﬁc:&(ij—gﬁg} ............................................................... 81

1. R G e s e 81

1) R U R OHEREORGEE) DRG] v 81

2) MWW ORZL L) T AEHMEOTEH S EBCIIE ORI RITTHE e 31

D EEH L EBL e 82
1) BHLAIE O FROHEIEOREEE) OFEE o 82

2) HWRMIMORZZ 2 ¥ I8 A EHHER DR AERCHR ORI RAIT TR e 82

3) o j«d‘hm*{i&)jﬂ@bﬁﬁﬁ jﬂi&c: k5 %I«]JJFT}’\O)ﬁ%’%é ............................................. 84

3. h P PP 35
Vv %ﬁ/ﬁ'\%@"i ............................................................................................................... 85
VI *I% E ............................................................................................................... 28
HTTH SCHR o rereeeme et 90
Summary .................................................................................................................. 92
H }_: ..................................................................................................................... 94
“— zz ..................................................................................................................... 96



AU G v ¥ — 0 A TR R

*

HHRINE DN Y ToHhYErEeATs) v T
FEHTHY, 2 Hhall LoEFRMHE» A TEY, #
YR S5 8 A O I RS D &6 T165,000m’
WHDIFLERBIN TS (R, 2004) . 2h b
BARHOUMOBIRIZDWTIE, Ktk Eic#He L
THAHCHH SR BB A0, %) oflv Bz Tk
ELARITOLERATHREAULHEIN TS, 2ok
)R BB O AEMIIEE, A F T RAGW L LT
EHENTHE D, RACEM, #ILERMES SIZIEAY
NWAFYAZANF—E L THAERETHHLLS &
TAHHELHL (HHRR, 2004) . ELEFOHAE W
TR I NEACHZ A TUAD Z VI HINTHh
R, 205 oLBREAMA> SREHINIATWY L
JEIRG. Eh, BAXKMERMPIILSETET S 9
REFIZHEDL Z S, RAHIEIM L TRBIS S 720
Tk, MRS THIBL, MELTHT v 7 %HICHA
AL ENDH Y, WINIHh R Y OF e ETLI LR
L., TOXIRMENS, PROEDEEESALIL
@’waH%LM&LtﬁAE&‘ow i, B
FISZ28SBL L CRBICETT 22 228D, ok
e 1T _tﬁbo&$%iLwﬁwwuu
LEZOLND.

WEAE, B R AN ERRH S o A EAEIZOWTIE,
Hofb 77 >~ baia L, ZHIA L THIEET S 1
W B D A oh s O 19995 £ H - (1,
1997) . 3512, THISEDEFEDUNEDOWIIZE -
T, KON E UTREREMIZOWCT LRSI L o
I EMS, SHRITETEAEHEOHNLOH X X
WELELEZONSL, BELOFENIOOTIE, B4H
HELTEDONTWELOD, RBREIZL A
BAZowTh, KA R % KA O ARHENAL F 6 &

HIEWTEL, L2Lads, BEEA ORI
B2 COMY MAIEN BT 722 2HTHY, 4
FERZF st b, F I RABHERESARIER
oG E LTHEL 228 GliNls, 2001a: @il
5, 2001b) DAHNAFEEITT XA v,

Ny IRAEHKEHEERE LTIV EIZL » &
LERIREILE, KEPELLTONETHL. K
WaEARE LM BoMENE LT, fibskd

DEAREWNTCONEAEL, V7= E0 MG
HABRWELZS GO I BB oD, KUY HHT

KA ELTHOWORD L) ho AEIIT IS EH L
<, FTH (1981a) 12X HIET A A TL0AHLO M IC
Dunn&iZ & » TEHL T s h, HE~ORI%)
EEMIINZOPRNTHSH L3N TS, by

435 77 (2008)

il

TiX, 1950410 o BARD, TR BT
HMEAL 2 AL L. =0 1% B ARAT AR 3 R %o e i 30 7
MBS B W T BB THM OB R & EIN{Ls D
5h, ﬁ&#u#%ht.if*lv—ﬁrowfuﬁﬁ
KB OW A O M, AN BEO T8 THEN L ASA A
5L, iﬁ.ﬂ[ﬂﬁ{ﬁr’j@r.%{L}iU@nno)lTlﬂk T RIEBERMPE
%mm%ATWWWW’%%Lttéﬂé ZDH, K
MLERBRTA—= 2 RO BGEAILAY, HABVEICE
A—7W%@%*%Qgiﬁuméﬂ AKE Y 72 i B
BARBEISRZ. BUETIE, BHEERET MBI
EAENRN=HMPRED L ETIIE-TWDE (BRI,
1997b) . F /=, M4, %ﬁ@%ﬁﬂﬂﬁdu &0, BA

CFTERERTOEEN L - EHE LA TILHEEOW
FELTHINSIR TS, mwﬂ@%ﬁi.ammhw
DASTTED 72D E LT E NG Z 0% »
(#0, 1997) .

IHALAEYERBE UTHER 2 8% L 225y
C/NIA e <, MMt am e % S L) Ky
O, ALY = oHED T o 7 — WO AT
RS LRI X 2RO/ EO 42 R E
B (HM. 1975 AT, 1988) . WIS, KEY
PR RSN X 5/ ER NS E 2 ) R h 257
B, BHITET MM EY G, 1975 S S,
1988) Z AWM TEBD, Vo THAUHOMERD
fBiZBTH kRl e Shb, T2, KEWE
WoTHhEHTH D, N—=27 L BHILTH L0 T
EIRTER XS L ) A ECOH DL D
EHRERTWD Gl 1981d) ks, HERL o
)y TRAHDSFEENEDORETH D D h % LK
LTELLENHDL., —Ji, Filfh =285 7,
HDHVCEABLANEY T ROHN D K&, IR
ORI FHTH LB WET LGRSO
LT, 2B LMo 51218, SRR T 2 80NN
ORBHRBT TR LEL T L7720, #EMOGBMIZAT
ut%i%hfwéGWﬂ 1981d) . ITRCIIR & 80
WY IR T 2 BB LB RS L o T
LA, )y TRACHIEMIZOWTE, RGBT
FI R VSRR O R E R B et s b
;@iﬁh.Uz:ﬁkm&wﬁﬁﬁvﬂm_kwfﬁ
AT REREIZ .

TFHRIZBWTIE, DAZ/EREREEE (2004a) 12
A AGERHEIR O S LA X R TV AR, Tl
B ToHpR N — 7 GO NEHTEORE L L BEIZHE
AL7Z3H0THY, LFLIHY v ITEAEHERIZ R
LENRZHDTEL Y., FITARMEICBWTIE, ik

56 —



WA Y TEA OIS S %

VLSBT 2 v THAEHOHENAL & FH % D 5128
LTOEMMIEHOM V20U T, UTOLS ki)
i ol FOE, R ABEL TS 2 RIS X
BZOTIELEL, BEFRBNO—AIZE W TIHER/N
BT e M L7s.

Y IR AERMEE OO LTI, £7
Uy IEAEKBEROBHIMHBAL I EDO L) LELTDH
LOPEERTLLENRS L. IRIZE, HEELRE
B AW AL L BAREDOEL L DR EZY] ST
LI EDPRIER G, FIT, RYUOHIELLT, Uy
TR A ERONEILE BT 2 WAL & i HuIRE L
OMERE, HF L LI EAEKOF y THRIELHES
TRRI L7z, A EHMEN WAL HR L, L% S
Mi&47> ERBF, HERY > 70 2R @IS 5 mi5 5
AW ATV, B E DM T L O ER D
REERE LA SBER L2, T/ HEoOBREREIIOV
T, BEROHICEETHEOEBEOFEO S, S, T
REFIZ & 5 AR 2 R O HR (L o B B OV /il 7137 3K
BRIz & 0 Hlr LA,

WL, T L7 AN R E AL L MAIREBIZHT 5
MBS NT, ) v T A IR B ST OR R
DIHOBE R o7z BB X I, )y TEAE
2, AW THEDICC/NEFRL) ZF=rn Lok
WA ERYELEL. LdoT, Vradan
Ko Tt 2 HENAL 0 5 7201213 C/NE O i A5 3
Thh, BEDPELEOREMOEREBR AT TR
WrEzo5hb, DA THEEREEN (2004a) T,
Dy I ACHIENOC/ NILOFTEIZIZHRSA L HIKE
FAELRTVE, FIT, BHERELTOBAA L
IKBHEODB R EGHY ¥ T8 A EHHER OB KT
TWEE WS L, F72 Mib S HEIRS o BB
I AMANDOHRARAADITONTETBY, BRLXL
TOMNRAELR ) ¥ T A IO BETH 2o ks
MoshTnsd, LhL, KEEHWHRE Wb
DEICHL TERLMF A NZ VA=A Efi5 THe
MW EREWE LB THLA, FHErhbl
Es, AMEENETEAAARD ITHh R WS LT
I BB HELELAOSND. —J RELHAOHIN
fBizBunTis, AL EMEEE L CROT 5K
LHEN & 2 ik i IE Lk S fibh T d (XS,
1999 ; 805, 1997a) A%, AKAHE L & B IZHMEL % M
HITHAWEWEWHET S R, 1987 ¢ R, 1996) =
W23 0, SR X B HEEALRIB O MHE A BE O
B, 1987) &N L. FIT, I LIHIR o wy
MY T HATCBIENOBHRIKITTREIIOVTHH
af & tr-o 7z,

BHIC, EELY IR AENERORH I TOM
B OWTHE R ro 7 WLk, U rak

FACHB 2 EEL HRARNE Th 2 AR RO
VO E, KA ANERREORI X » TREN X
NBBNABH B, HABCPRE R ORBCRH I L 2w
FRTA, WEHEERERZFRLTFOIRHEMFETH Y,
BB - TwD, Fh, BECFINTHIZ, ORCHHREIC
WARTED M OBEALHT SO TCHHATE S

EEEAIGRENR TS (FEKR, 1967) T&hnH, 22T
BERHCHIH R BY, U T AEMHENO KX
BRI ND RO TR L 72,

AR EITICH2D, BAR KR FR A GR R IREE
PRSI, AR e IR & AR OMIER S
bl KB W272E, LhLEHT L EEHITEL
BAWL RS, shii R G R IR S B8R R
FEHE I, RMTREOBIAI G 2o TiiE L E A d4Es
W S2nAa7E b2, AR LoMERZ V20
Fo. WIREENFEEEARE 2, 72—V
DR FLEFLZ OV TEELRHBE TR E W20 ) &,
Kim LOMEW 2 Tz, ST R FEEREEN G
WORLH AT, A oMRM L S ELRHBE 2 W2
Wiz GARTRE R ARk R A BB e 12
DU OBNITOWTHIRE R W72 L & HITH%E
NI DWW T O BRI H 2 W2z,

AREFELE, HAROMRBRUIE L EMEERE R IIRDL S
NPFBIRBCHM L Cirbh 720 THhH D, LIFdE
Y XN AR R R IE A v v — HOVE BRI
HEGME L Y 5 —DlBRED )i £ I REICE L#

BLE 727307z F2 DAZTEBBICEWT, i
TR AIC, SO R A RIR, A B MR el A

X, AMMEOEEZ A TuZl LEBIIETREX
PR B TPRR COMEDRTIIOoOWT, HEKE
R &2 W7z 72 07z SO E R D A THEER i YOIEER
EMMAEREN -2, 208w 0wk 2, @L
OPBR L CORETELHF L w2 u R
BB OIgEt v ¥ — R PR R AT, R
DOERE E W ELRHB 2w wie, HFHREAKRS
Mt vy — 0 A ZTRBERBEET RS, %
BUHM OERERB IOV THE AL B S 2 wizZn
7o X0 A ZTREGUMEN B HBY A IR T D A TR
ERYEEERE LRSS AR G, ARIMEDFITIC N0 %
COWMW T W27 3512, A THREREN R
FE R EHB A O )i 2SS WM LR 2w
VSARYAS

Vol ilihboi&# e Bz L 1ITS.



H AR AL v 7 — ) A SRS,

I UYIHAEGHIEOHEZTLEBHRIREICRETF v THE

)y IHAEKE, BTN 0L Rtk D
bt T D ANEOHERKE & R HIZR L L E X
S5R5ZENs, HRLOMEICKLTIZ, ToWEE
L BRRBEOBALL R LSRN T 2L ELH 5.

I, HERMEICRE LT v TR AR, F 8=
I DF vy TELTHSER DD, F v 28=lldF vy 7L
R KB A ARHHEALO 7S FTALREL L) BN
oL onrs, MTEHERcmBEE T TORLPWERT
EHhVWHOTTEHLGEBEND L. 09 h, ik
H O RPN TEA KON L LR O F v
N—OMt, BEC XY HAEREEkAY TH Y, s
NiF o TOBRRPRIEZF v 3 —12E DRy ko
Twh, THSH0EVE, BB L IR
BT ENTHINS.
SALRZERS, KETIE, 2BHOMTLEOR
BAF o~ HBLTHBLARESMORLRDF v
T R CERIEE v, HERERRIC B 2 4L
EIBHURIE X OBR A, F v TR LB TR L
7o, HAEHMENOWEE LR, B EGTE T
ERREL, HERH O 7 L &2 AR S 3 5 Y B4 T &
fro WHAZ X B0 T & Ol f UMW 5 O RIFRE
I SBH L. T/, )y ITEAEHEROE#HOE
flitciz, BALTE2ELTI2HMETIE, BROMAKT
BRI OHABRMI AR TN ERLZE (Fill
5, 1988) , F7-, B TEHASOC/NEA20LLTIZT
WLEMBREBFOARENDKEIS L ARD (FIs,
1982) L) THETONMAEREEERL T, MEER
FOHBICLORE & AL OC/NROAILE IR
L.

1. ¥ EFE

1) ULdEAERDF vk

NV IRABHOF Y MU, 2BEOF v 8-
(D4 77— KF 7 A ¥ —KS5K-MI0 KL =B ke 23
F o= a2l vy ¥—CS125, LF, Fv/3—ARUB
E95) BEHLE. 09 bF v~ AR
T = rw—=HFRIZED28H, F v/ 3—B Tk 1k
BHOF v 8= HE2RMEHOY 2L vy ¥—HIZK B
2B DI E B EEND. DATREBBNOY v T
BHZDWT20014E3 A2 S 4 fl FAIEAE L, A
LCWigAEHod b, HEHSembl FORZMHEHL
T. 2001E5 HI6HWZF v "—ARUBICL W F v 7L
L7zbo (BLF, v 7ARUPBETS) &, LAFOE
BRICHEM L7z, GEI1ICF v S5—ARUB, Fv7AM
CBORIRIZOWTRT. B, Fv 70L8RERIIE

— 58

W35 W

(2008)

B/ 38R
A

W) T479g kg !, REHERIIT1gkg 'TH Y,
FEiZ675Th - 7.

Foy ML EFNFhoy v TEAERIR, 52LFE2
TP ARL, BEEANE LS BEEEEL R
WhEBREZMA S AOMERD . T, W
(105C) WX D EALEFy 7O ZMEL. &
512, Fy7ALBONEBESAERDLD, ZhEN
1.00, 2.00, 4.76, 952mm®O % HIGE L, #X5 0 EE
ERB KD i3, Fyv 7ORKIEA, Briflrw
LOEBAKTIRTHN, KE0WLDE—FIMicEVWE
DLDDS 72D, TITREY LHEEV) T8
R %,

2) HB{EDFHE

)Y TRAEHERED FIZoWTiE, BHE 2R
T VIRHAERE., DA TRBREANOMEEIZE W
T, 20015 H15H 216 HZF » 7{L L, HEABAELL 72,
HEAEE, HHEBODA A EREEE (2004b) 13
WMENTHWEMH LU OERFEICE LTI F
Hht, CAEHF Yy 72 15mluE, B E30cmDARM
WVl b ETRAMATER LE, BEMEL
THESAEMKEREME, KEFH L7 2b, R
KT, BEAICDOOTERNYFORT S RO %
ATFOBRZEOHED S, TIHOREBBSIAZHH L 2.
ABR & P RS, ChoolEEZRF&YEL
T, BAEEF v 7T TCBRAALAREZL RO}V F
£ FIRITEZAZBICHA Y. 2oz, HRY
DOEIRIZ, EFELIBIEEALS5mMNEDOEFHRIKT Fif
MR bR o7z, HREWIE, o= T
By, 0L TH-7- HRFOERE, BFICRBRXLH
BIEDELULHER, Fo 23— A BHR (LM
MAY H290m’, F v S—BIZX HHA (UTHEB)
223Im°TH Y, RIBEMOBRMBIZCTN I BBEESA
(Bl 0 eptsig, 325gke : BRFR, 40gkg")
A240kg, AIIKRBHE (BHRER, 190gkg’; RBEER,
210g kg") 40kgT 2 Thotz. k. HAEHF Y TE&
HREBSAADEEE G2 oVnTIRE 1 KR L7z.

C/N

B1F HRKHO MBI R (GRAL g kg ")
K4y P205 CaO MgO K:0

HFAXLKF v T 44 20 81 27 1.1
EREBHA 221 387 496 95 279

HW L MR ot B A & SRR (S 70 520em
WE) oEEE, REx ¥ — (a7 R



W

LT-32) &y —%us— (EERERIEN SK-L200T)
WWED LIEM Il L, HREY 12T T8I,
HROFHEEZWE L, FREHMOES, KL15m M
FoOBEEED I, WHOBEFEPL5mOYE L7-5o
EREREEBE LCEINLA, 72, B SRR
Ti (AT v 7 GV-100S) o7 ¥ T= 7 Mg 25
L, BEFMICHEIDP D7 v E=7 H RAEIER G L7
e B, O IEA S 10emBEEINER & L7z,
hRLIEZ, AFy FAFT7Ta—5—%M1 L CTHAOL
BHEG %36, 86, 117. 148 R U344N HO G5 WfT - 72

A5 0l L oHERUI VIS HERR (LR AR OB & lal
o AB AL THEZNZ TIT- 720 &Y HE LI

7 B NZHERT203H 2R @ L ESVAR S (Fheh
10cmBEOHRE T T) KOMuTA Sl B2 JRILL, &
BUREL D — B2 oW THASEZ I 2 1T - Tt oo i it
WA S ERFEERD. UL FOEBIZIE, ZOdiEE
B % i L 22 AR D L Ik h o ERE 2 Mw
7z, BB, BRI OVTIE, HRBECHICERIC
M7 DAHMIHRS L, ML 72 0& R L 72,

3) 1{bZHR

Hefi o %A 7 & FRRF R ISER I L 7ol o v
T, EWEKOERILDST 110855 &5 ERKEMN
Z, pHZ# 7 AT, BA8E (EC) & HAlE
Keahizk b Uz, 720 RFHZ1045 R O 2 mol LT
LA LGB EMAT LN E S BABL, A
DT YELTREFERLCHBB L EMBREREOAGR
KA ANE (Bremner, 1965) T, Wi EELn
% Griessi®h (G¥F - W%, 1962) X oW L7 Wi
el MBRBLIEMBRREROGEDS MEE
BEREALIIOTERD .

HASE IR 2 W T, NC-Analyzer (EAALZ 1%
Sumigraph NC-90A) {2k ) EhFER EERERE SN
L7z, 3500, HERGI48. 203 U344 H [ o> ui s iz M ikt
[ZonT, EEEAGRETROEBY 2L

B E550C THRIKIE L, IKALRi O TR D 5K
GRERDIH, VrEENENSTFEY T oBID
B, AN TI L, TR LRTAY LG BIION
TIRIEFYOCIES X D E L 7.

4) 71/ —-IVHEEEDOAE

Kuwatsuka and Tsutsuki (1977) ®JiiElZk 5T7
J=LWEAEMB L%, 74U y-F =Rk (H0E

H, 2001) THWLLZ $4bb, HROKEHV 2 HF
WU, SRR 6 L2z onwT, 10045 &

DOImolL ' 7P A UYWAY 2 — Vi (Ay ) —N &
0.1mol L 'NaOHZ BRI T 7 © 3IZRA) HEL, 30
R E DR, ABEL. AW ImLIZHEMAKEMZ T
5mL &L, ChICTHERD 7 =/ —Lik#i% 5 IR
L7zb0&5mLMATHLIzAME, 100g L' RES b

59 —

Ky I EATOHERILIZ S % 0F5E

Uy AEHSmL #MA T 307 BRI %2760nm DB
HEEZMELL., REHRIZ,-C FoF P RE/FEEH
THERE L kg (W) M- opb Fox v g B HFREH
Ho(g) ELTHIILA.

5) TAESHERORZEICL 5 0E

HER @ % 52 SR L 2RI owT, LY
OFETHECL B0 ZIT -7z, FOR, HERTHEGRE
36, 86, 117RTUBMTHOREABII D W TIEERML T & ITH
PAZX B0 24T - 7208, 20311834411 H @R BT 536
WORE 2SR TORE LD OZHESME L /2.

WA e F I LAY —H =), H1LOAR
AKEIMZTEE S, 952, 476, 2.00, 1.00, 0.210,
0.053mm fif & Wi\ S /2. ZoB, i boikiid
ARAKTHIFL, L Ml E b RO EZET
BEER DR L7 #60 Lokikix, FhfFhE—-7—
(2O TLOC TR L TR, L <o
Miadblh & U7z, Wi idfEoREVENSFI~F6& L
7z, 0.053mm? A i L 7oA E b e TH 2 L
oot ACOMBRET vl 2 KR %E. 45
YERAWTIMEZ L, KR EED (FT) .
B 502, IEHIZ10,000 x g TLO W k.08 L, TLEE
(F8) & L (F9) 247>, F7ROFQm 513 i fs
WAL CERAMERS, B L TR L7z Fom
X, 9FECEMRE L

FI1~F3Mi5 D FE R TR LB IINC-Analyzer
(kA 2% Sumigraph NC-90A) 12X b ¥ L 7-.
FOM 322w Cld, BHRBOZT I oRFE 2 oHE
BIRFSNER (BERNM TOC-VE) TeEEe%
T A VYRR S ) o A0 E-HPLCE (Aoyama and
1996) CTHAE LA Fio, FOM5 0 HERES
FZme KES AT (Bremner, 1965) TH#H L, 4%
FEPLAELFIVIEE HRBRERL L

6) 1F%FaN—aLER

)y IEACHEMEN O R A R o EERER R
RT3 WL, REH - 10 (1982) o FHIC# L CTiirat
L7z BRI, ik oo HERT o 25 TR0 2 & SRR I 1 BRI
Liz@FHz 2w Tl 72,

F9, 250m L AR Y ¥ L0 A JIRERMS I 13 A
LIRM L -8 i 38 (pH(H20), 6.19 @ &R,
145g kg R#ER*, ldgkg' C/NH, 104 *# 1Y
220) OREMT1I0g % AN, HEERERBLTA
WEAHHEAR AR 300meg 2 MA T |-G L., SJhiz,
I mgNHI¥EOMMBET? v Ty ABREME, X512
2molL 'O 8L A ) 7 AERI00m L TR L, KER
A (Bremner, 1965) [k hEBRBEFREZ WL
7o (EEAIoOEBERER) | K, BERCRE L T
ARAELWMET YEZY L EMATZ DD, SISICHEN
KEMA THEAFEKREDE0% KPTHELZ. SRR

2o T

Nagumo,



EE IS ooy

VEFL 74 VA ThHIZELEHE, 30CTHHHBA ~
FaxX—FL7 [ rFax—2ar#rk pdok
HBIZE Y BEEXEL WL 4 v FaxX—va
F2MEHTITY, VETREEERA L. oy
OEEMOBERBRE L ETIVWbo B R s
L7,

E 5. TAONESHTRONLMSG DD B
%<, %h%h@ﬁ%%h&ﬂfékszﬂé P45,
T&‘bf)iﬁHEAf IZF1&F2, HEE B CidF4 & FS5MH 4012
04 vFax—arkgriiof. $4bh, Th
SOWE, FRFENRMEWR PO EEEICIE L CTHE
T300mg I EBEML THRMKICA Y Fax—- 1L, 4>
FaR—3 3 FAIHEOEBBEEEL N L CHRME
fbkEE2HHLAE B, HHELT IhsnEnFh
ZowTC, HEKEZMA I IRICHBET v €22 4
BRERBROBRZMATLOOBHMRILE ZHE L
7z.

7) AU TkEYE AV g EER

HERG203 T H, 344 H H K USB61LH HoHEZ2WT, %
AL SRR L BRI S2FORGL, 27vF

LM AR RS (BAKPES BRER 22, 1984)
Zif o7z, BIROMME N LOREM 1500mL (e
LT418 g MK 1o8FE. VrBRUAIILELT
omg Y ROHEET v A, 8 YRR RO
kAU azma, 3 6ITRMREOHN % 212541
M2 TR Lt.;h*/fhﬁlw$vb-ﬁﬁ
L, BAEKRO0%KFIZHB L. 120Ky M
D2NWC, ax Vi f uuf‘& /\T) AL TACIROET §-2
mE25C, ®EE60~80%. FOLLIMHUIT ($10,000Lx)
THHIT1205 0, WERI2BEMNCREI L 724 v FaN—¥% —
WuﬁmeHﬁ%%Lt.Hﬁmﬁm RRHFKED
60% KaEMOL I ICEAERAKREMA. £/ o<
VHIZ1I0B BIZEEI & LC10fdfh e LU, 210 Bl B3
ZUUHEL THE BURRE IR E R 2z e LT, HEW
EMA SRR OARENZ X (HEHX) %%
G, MR a2y R EEE L. T RT3 T
fTof. a=FOREICO>OTIE, RENH 2 H
CEEEELCH -ORy bT2MEY KL Thb
L, 1B 3 8#%IC, B HEoRsh:
Ay MBI bz a~e Yy F2EML, 1L &
IR Z21T-72. 502, 2HEHOa< Y FRERT
BOWMBTEIIOWT, RO I THEBRERERT S
ML=

8) MiEtniE

ﬂ%ﬁlﬂﬁ\ BEOEWERST L7720, L5596, 7«

— VR ERR S v FaR—Y a3 VIEBRIZBWT,

fh%hwmwmhﬂ.%ﬁﬁ,*b%#b%ﬂLtﬂ
HEROELE LTI t R Eii»>7 F72,

‘—/S

ral

et v & — b A ZAHE M iy

— 60

$35 0

(2008)

2y R R RETCI, 2y SR, RN
IR RO R O SRR R RIC o T, A, Bo
FNENHEN203H, 34411, 561 HH OB MM X % O
MEHRE D 7 KEMOEIZOWTHREL.:. Thbb,

Ky MEEBROVEL (n=3) 2925 nRESRTH
THEE (p<0.05) OH LYY, Tukey?D% HBEIZ X

D Ve % Bow L7,

2. BREEE

1) EALAEATRF v T7OMK

B2 EITHIPALICHM L7z A F vy TORE L&
KEZ (T, F v TOEEIL Aanu# DR
D, Fv 7TATEEHELGZWEE “ClaOkg m?>, BEIEEm
it%ﬁfﬂmmm*f%of R LT, wﬁmﬂﬁ
WF o T BTIRFNLEN20kg m E320kg m 7 E A D
BWERZ AL F, FyToOGARIZA, BEDIC
0.25kg kg ' FETH - 7=
%1%Kﬁk*ﬁ+vi@ﬁﬁﬁﬁ%ﬁ? FvTA
EBTIEINROMICONELECDHY, Fv7ATIE
4mmmukm%v7#%/ﬂ%nbt DL, Fv T
BTEHIZ2mmE FOF v 7H7HULEZ Hdi,
LI, 2BMoF -k BonkF YT
i, ATV OHRE CEEPIP -7 L, B
P VET DAY E BTG - 72

BoE HATHF v TDOEEE G AR

. #HE (g m ) Gkt

: BELZVLEG BELZESG (kekgh)
F v 7A 150 (100)” 220 (100) 0.25
F v 7B 250 (167) 320 (146) 0.26

72) o THIEF v TAOHIE100& L7 %

O FyJAS FyIB

500 -
400 —
K,
= 300 — —
b
R 200 —= [
] N N
o NN
100 R ]
o L . . N N
10UF 1.0~2.0 20~476 476~952 952klE
Fi11% (mm)

I HACHFy TORED A
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— HEREACRILY)
- - - - HEABAGSHR)
—— HREB(hLY).

AAAAAA HAEB(OVE)

=:8
—X— X\Lm

5
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20014 20024

(5/16)  (1/15) (9/13) (1i/12) - /11 (3/12)

20034

(5/11) 1/10) (9/8) awmn (1/6) 3/7)

HEBR(AH)

2N Heth oAk
KENIL) D L olpl) 2 49

2) HE{thDRE, RERUVT7CEZTHRIRBED

1k

B2 KICHERD B O HEE oo i e 28 (b 2 797, I L HERR
Mas e, 699H U CH 2L i2h7z» THEL 72,
GHd, WMENEE IR I8, ik h%
1NZTEEYLAMETHALE, IR A T, HER PG
5 HBIOHWLHE, AT E IZ7T0C 2 B 2 Tl B LS
EL, 20RO ELGFETIE0CERLZHENINS
Mofz. THISH LT, HEBIRAVHEILLEE b %
R CHER L7278, WS TH AN RAB0C &/ 2 % Y
THotz. HIEA L BOWRME D@ IZHER G 514811
A0 ITHEFICAONHAY, TORIZEDLSOMLE
LIRT L, (TN MICHER L7 280H 2 B 2 5 Yid
SO EH L7228, 1481 A £ TRz BAt
ALDRLHBOHETEEL, 4200 Hep ok idash
Bl o72bon, 500~600H LY F THUBARRH
WK TR L7z, HERSI50H LB E TodE Ly % fg
LBk, WL TR, RESMAVF 7B LY
LRIEARLNF v TAZM 2L LA did -7z L
Wahs.

B3NN oM oL bz 3. HOMA, Bo%kt
BHERS R IR 2 WA L7225, BIZERTADBIHANE
HERFIS9H LN I HER B AGIE O 1270 DL F o 13Im L 7 o
7o THICHLT, BTHHERBORERMIZIA I NS
Polbon, ZOHOWAIELRL69THTIZIZA LN
SERD, 15901 NiX154mPE A% Rl 2z F o
A, BEHISTT ALK, ARV E L7 ok

IS, WEPEVF v T THILE L & AR O Y
BREL, F oy TOREREOETIEEP I PENT L
PHI LN THS.

OO 1 1 1 J
0 50 100 150 200
HHBEH

M3 HERUZHE ) HEE O AR AL

B3RIHEM PO T 2T HAREDHER 2
T, OHIMA, BOTUESTHRAEEIZE L IZHERS6H
HAbo& b, ZOBRIKTL, 127H HPBEHBH S
Ntz F72, 5611 H KRT1040 BiZHE B O E A
ALXDEDo7b00, 69 HIEHICTADEARRREHW
&, METHLIRENIASN Do, T UED
T EN IO SR LTS L TE D,
COBFNNIERIZ L D EERTOT 'S TR & MK
WHELF LIz EZ NS,



WARRAMRBAME L v 7 — 0 A THRBISIERSG 635 5 (2008)

B3 K HMHEY 7 BT A ABREOHH Y.
(Hif7 : ppm) HMopHIE, HEMA TSR UIITHH, HEB T
X HERE H % IH7HMHIZb oL Eich - 7-b oo, HRLN
N 22 56 69 104 127 162H ML TKRERERIEAOR 7. 72, A, B
HEMRA 98 440 370 76 ND” ND EbHIT, BERIZANGAHEL, wFholzsw
HEB 100 640 280 110 ND  ND THM B BRI o7, ECld, A, B s
z) NDidBeHiZe L. 6HHIZLAL, AWII7THH, Bi8HUIZH &3
Hwlizor L, TR MKTLAE. A, BT
3) HERICHE D HIEOMIKOZE L i, 20HUZCRBAALIDEVEEZ R LA
A RISPHMUEC, 5 RITEAE, Sk, 2% xR, 3MHUOR, ADBBL Y AEIS» - .
FRROC/NI, S5CH6 KTEBE s s RoLL%E Mo EGARFIX, A, BrLHAEROHEoOMHIZONT

WA4FE HERUSMES p HRUE CO¥MiR

— A pH (H20) EC (dS m*‘).
HEm A HEE B HERE A HEB
3611 8.16+ 054" 773+124 277+118 459+259
8611 893+0.18 827 £1.02 107+053 6.76 £2.72
117H 874+034 8.83+0.25 136039 150+ 148
148 H 852+ 050 8.17+0.72 3.07+1.29 3.96 183
203 H 842 +0.08 829+021 231017 253+1.04
341H 828 +0.25 832+0.13 2.39+0.04b "’ 2.01+0.19a

z) O L3R, ML OO o £ B AE. y) bil—47 @l SH 2B Bab i,
tREIZE D S WAKETATE DD,

HO K HERUIME ) GKE, RFER, RREEROC/NILOHR

- K (kg kg C (g kglwm) N (g kg '#9) C/NlJt
HEM A Hee B HEHE A HEIE B HEH A HEl B HEAE A He B

3611 0560137  063=007 1= 5 438+ 15 18133 205+ 87 24950 24096

8611 0.61x£0.14 0.63 +0.04 11542 451 £26 29.3+9.1 311138 150x43 164+6.5
11711 0.66 £0.05 0.66 = 0.02 139+ 4 443+ 5 334x81 265+ 25 136 3.0 168+ 1.6
14811 067 +0.02 0.66 = 0.01 418+3a"’ 437+ 4b 318+22h  263% 2la 132+08 167x15b
20311 0.70=0.01 0.68 £0.01 424+ 11 12019 326+19 290+ 19 13.0+1.0 145+03
344H 070001 0.69 =001 417+ 12 136+ 7 341+13b  309=% lla 122+07a  14.1x03b
56113 0.72+0.01 0.74+£0.02 376+ 14 390+ 8 33.7+06 333+ 14 11.2+25 11.7+6.6
70113 0.71+£0.02 0.71£0.01 38920 38121 358+22 35+ 19 10970 11.1+80

z) WP Y720, y) MO LE, SRR DOIBO I £ B x) ) AT o[ LB ZabRiig,
tBRIEICE D 5% KETHELEDD.

F6ER MRS W& ROMER (L)« gkg W)

N K95 P205 Cao0 MgO K20
HERR 18

HEEA HRB HEE A HEWB HEHE A HMB HEAE A HENEB HEMEA HERE B

148 H 272+ 8% 230+35 24606 194=35 889+38 718103 74x02b" 59+07a 11.3+06b 83+14a
20311 30710 266 = 52 24939 216+27 962+38 808+168 69x12 6306 111+26  99=27
34411 293+17b  258+14a 22020 21906 804+73 771+ 28 6409 6.3+0.1 114+13 135352

z) HEMEO BEE, MR R ML EO I £ B y) MR o —HICB 2R %2707 7 Xy M
B, tBREICK ) 5 % KETHEADD.
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YA T Y T ARKEOHEIRILIZ S % 072

LW B RS, 561H iz E Hi20.7kg kg™
FMZBMEE RS F72, 86T TIHANBLDR
BRI NN D - b OO, FOBRIIFIFLEALTERA
L ol Aol M8MINZHEMAAB LD

(B o UANE, AL BOMICAELTEE hdh

oo BRHERD, MO HE3M4THICHEMANB L Y A
WED o 2 UEA S &I e o7z, C/NIEIZ,
wﬁ‘iL@lﬁFHET%BGHU IZ25F8)E T - 7243, 8611 L

KI5~ 16I2 2R P L, ZhDH LR T 34 M
lnl%fﬁl,f:. F72, HEBD haieerm R L, 14811
HESMITHNTIEERA L) RIS E R LA, £
OBMHAOLIIFHEEY. T0IHHICIZE LIS O &
otz
TEARI MW TIL, IR TR A TR R RS W #IN
WHH, MMMHU TR LD ALNR. LaL, liro
EAMZDOWT AL E, YT RIoAEH Y A55048111]
CHEWCA TH SIS - DA, A, BRITHIS 2%
Ax o7,

FAHR G o MR LEOBLE R, M
A, BEL7 Vv EZTESERNEZ L. TR L36HA
h LBV lZRLZ2Y 117~203H L H TR
WL, 344111 TR LAV THER L 7. i# WIZA
WCERTBRZWHINZ L7, MBESELEICO VT
u.A,Bt%t@“@?%&t.wmch#m&kf

HAEA

MILHEN (g kg 'B2H)
-— N w S w (>3 ~J [v'e)

o

0 50 100 150 200 250 300 350
HIRE

AR HERRICE S B RS
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w2,
Zitb A, B
WTIEEAEBI SR dh -0l L, BT 65
A TC0.39~0.69g kg OB THERE L /2.
(1988) (&, AEWE FOHREOEHRICE S 2
oW, T H SRR O KL

20311 11z
s

WEZEALGE

#
o

&,

I #L2
WHLGET L E LTV D,

B Ti30.34g kg "I T ¥ o 72,
BT H - 7298,

LERED%IZ

nzzs, 3611AZ

E|HEEN (g ke 'E29)

o 7.

IR FEOARILAUE 2 B BB
T8 H O WAL & B A T 2 BB
KBS Labe sk, Aff
FETH MR, 3MHERB L THEHEOMEL & A
BALRA R C B CldEL Tu
5.

o5 5 Bz

i

LR 7 2 ) = VI E RO AR IR
Tz —NWHOEYIE HEATIZI36HHE1238gkg™
VW TH -T2 WFoHWEmL, 2
THITWE %

H#AEB

HEEOHA

AI17H A %k

s Bl S R

12i31.7g kg8
K BIZ2WT 43611 LI
HEMEL-oEHE, B6ITIHTEML, %@&mmﬂ
1326g kg e T WL &L
LD EuwEEsad b,

o7z,
203))’(0*344“ Hiz
T X
¥ 5 (1988) 7):/\—70)i1?ﬁ[ﬂ1t C,
SR 400 0D 7
MITITIT e NISEL 7278,
HHDPR2IT kT

WL BAA

K7 =7 — iz
CfFo TR E D, 30~701 D
FO®HITLIZNIZ
i Lok




ARG v 5 — 0 A SRR EEE 5835 Y (2008)

Wb, F72 3617z )= VWESRICALEBTA 36 HIZOWTALE, NEMSHOF Yy 7TAZINWE
XM HEDONTN, =7 /) —VROKY HPACIE, BRI EA952mm& ) M WFIi 4T
R EMEDGMIZoWTIE, 65CUEThhiz2 M HD, 476~952mmDOF2M /3 F IR E, WM T7
BILLE, 60°C LA LCld 3 MIEILL I8 B IS RE AV 9 (ﬂf HLLLEE D, ZHRITHLT, X oREFHI T
F,1976) L3 RABZERS, TREHIEORIEDE TBEMHWZHEB TIE, FlEF2o M misrt 2 a4
DT xS — VIPE O ’ﬁéi’;ﬂf;%@k%‘m)né. HHLHICTET, 200~4.76mmdF3M 5>, 1.00~2.00mm
4) KIFESEICEL ZEDOMROE OF AW 7 K 0°0.210~1.00mm D E5 4> THy 6 # % L o>
6 BUCHEN A & BRI L1250 L7 &0 505z 72, HERGWIHAOsC T A i, HENMA B TR & Zaw
E@ﬁ%%ﬁﬁ. T8, FOOKEMEMm ;O fiLill AR LN, INEMZHTHEN LG AEHF Yy 7D
LCwhwdy, ZR2BRu2MIEEE0%HETH Y, WA DXL Tw5d, HERIFEASHEET S &,
ﬁMKiéﬁ%u%h@Eké<u&#ot&%i%h HENA CTlE, 952mmiL NOF1E 5O KIE % k4 & FA~
5. F7W 7 OIMAHEZ D, ¥5120.210~1.00mm O F5H 73 &
8 —
] 71 = —eo—HEEA
BooL oo = BB
ab
X
20
W O
4
w4
e
T
Y o2t
Y
1 -
0 [ 1 1
0 100 200 300 400
HHEBH
WMo R H071/—w%ﬁ HoOHER
EROEIZE DME 5 %K, ™1 %RETAHESEDD
HEAEA HEB
1000 1000
§ 900 is 900
i 800 i 800 - oFs
‘w700 = 700 a7
® 600 — 600 [ | ;E:
éﬁ 500 u 500 | Ora
8 400 400 | mrs
| 300 300 | oF2
K 200 200 F
B 100 i 100
0 0
36 86 117 148 203 344 36 86 117 148 203 344
KA HREBEH

B6 1 HERUZIE D KRNI S N7z 53 sz T O R
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PR TEACKOHERALIZ S 2 %8

0.053mm & D/ E L, EGHE THRET 27 58
BRKEP-7 HMBTH, FlMGARRmA L, F4~
F7W 50238003 A M3 A H iz ds, HEWA &% &
WiH Tl hdh otz
COEHNE, BIEOR VAT v TR TSN
2, REXMASVFy TRV ERKRLT, M
WhF v TOMMAL AR EIT L2, S, RE
DR F o T ERGTHER A @ )i HSHERU o R - 4
PHEMEBI Y KEDP T EDPHBRL TV D EHEC SR

T30 H 2586 H HIZHF TR LAk, X

SRR 7

AEFRE, MIA, BED, MBI RBIZL
oo TR HRAHINICH 7. F72, Wigk %)lﬁafﬁ‘w]
W OREMIT O THLA 2 Wi 55Tl 5 R s R 1N+

BARNAY B - 7228,

<, F8MisrTiz8HHIC

TR L.
C/NEE, HiliA, BE 3 ’*x’/‘?zﬁ*‘k% W B

F6LTFTOWMMB 5 Tlddh T 0 £1hi7%
WP L72bo0D, FRULRITA

%. MiZH D, CoBFEEERNMZEZBLTEb S hh o
TR, Wi, A% R K OC/NIED i 7= RPEAYHLAY ~7;f705ik(//NJ:t7b‘lﬁ'J< AN, 2
BERT. RhERIE, HIA, Br HF6EFTM 5 T NETICWE SRR ESWIZE L8 (FI
<, Fl~F2zul &5 5005 CTrp W A58 - 72, 5, 1982 . L - HEM. 1972 ; #EWE S, 1980 : Suzuki ef
iRt o2 iz >WTiE, HIMA, BEBIEEA LM al, 1975 ; Suzuki and Kumada, 1976a, 1976b) & —#
HABRA HiEB
600 r :
§ 500 | I
# 400 | k- F3
a0 —X — F4
‘:D 300 | : F5
W 200 | 1T re
O —+— F7
@ 100 F A
O A L ' A L L ] L I} 1 1 1 1 1 J
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
HAEA HAEB
100
] 80 |
&
Ibﬂ 60 -
x
2 40 |
i |
& 20
0 i 1 1 1 1 1 J L 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
HAEA #EB
60
—— F1
5 1 — F2
40 - - F3
jzf\ 30 b —x - F4
~ —%— F5
© 9 t |- F6
. LT F7
10 --~- F8
O L 1 1 1 1 i ] L L 1 1 1 1 1 J
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
IR HEBH
BT OHERUIRE S KR W S R ok ER, SRERMOCC/NILOHR
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PP (T e > & — ) A TRBUBAFE RN 8 35 Y (2008)

LTw5,

HENE A T, MR oM E & HIZF5 X DR A
rOC/NIERA L, 2038 HIZIZF1RAAL O Wi 53 Tid 202
FIZFAD, 344 HIZEFIE 33200 FE o7z L
AL, F6~F8Mis;oC/NIIZHERBIFASEAL THIEE
AEBIL 27 HEHEB T, 361THOIFMIZBIT
HE1I~FoOR KW 53 DC/NILIEHEA L XTH LD
p <, MR ORBITH D CANILOIL TR D I
WIZEDRED LN, MMIHHIIBWTHFIEF2TEEN
FN36L2TTH -7z, HBTH, F6~F8Mi s C/NI
RSB L THIEEA LB L - .

AW THWZY v THAERHIENE, TAEKT v
TUMIBSA L ARBREMFLE LT 255, HERW
WO/ N D - 72 FI~F3OM A M 513 BiCHAE
KF v 72 ERELTOEDIH LT, FRhED#D %
C NI OHAME TIIESAA L AKEELFRELT
VHEHEEND. T bo L LM RFIMISNE, %
LR E L s £2 51D (Aoyama, 1985) . L
T2t T, BRI AR T v 7% ik LRI~
FoMisr OC/NEDK Mid, WIEOMAVHELB X 0 ki
EOMCHERAD SBRERHTH-722 s, BHRO
EITDHMATHEP 2L HERIRSE. ThUL, Wil
TR O RE A AL e R AFADE D EAL D S o & 5K
LTwb,

BTR I, KBUOTIE SOk KR, TRESELE
KROCHEENLOWER T RS, FOMD 5z
Tid, EMEZRE L Tohnizd, HomszE s
D, KOWMOHERRH 1 kgl ) offtiz LTRLE.

HENR A OF 9 7o 4 e id, 3611 H2586H Lz
TN L 727, BERIOREM & & HIT P LAY, HEAR
BTt 36HL L36HHPMETH->EH% <, Rla3
BBTH2IIOoNTHIRLL. ABEEERIZ wiho

FTHR ORI F OBDOEKE,

HERTH36H A S86H BT THIML, Fokid
THRMICH 7. T CHBENIIE, wihol
WTH36HAIZL - EL, WAOEITE EHITKT
L7=7%, i3t B & 0 HIRA O Ak < Hi L
2o WEFhoOBETY, 14811 HUEEIZIZ 4 BUF o R
i E R L7z, CORBEOFIM AL, 12 R H
MO AEWICHEYD» S 2D EHEXNS (Aoyama,
1985, 1991) #%, Chanyasak and Kubota (1981) i,
BMOHEM DKM OC HIRENLEZIE LT, B
DHRATZHERTIEES ~6 BRIEDOHERSL Z L 2HE LT
W3, F7:. Garciab (1991) &, TAHRZ FHET
BHHERED RN O C/ 4 BRENIL A, IR TIE5 L
FPOHENSD L LCTwb, AIFETH L NZBRIMED
CHBEENIKOKETL, ThoofilE L Tw5.
5) TIREEREERCRITEE

BRI, KoMARE EIRMLTHET v €=
DAEMATA ¥ Fa~x— LSS EMBILED
EALZRT. B, JTITWIREEERLEEIE 1~
Fax—Ta M HBEOBBESERIL, v FaR—Va
CHIOMBREERE ALY WIHTH D,

HEA oMy, 148H H B Cld BREERILRE 1D
iz ] U728, 203111 & 344 8 BiZiZ Eofiiicdz U,
EERMBERVPEOHE LTI LR, A VY Fax—T 3
SHUIHABEL LA EREIR I > L EEMT S
(REM - Hil, 1982) #%, AWETHW L) %RCNL
AEHOARD 2 IEM L2250, ERESEEOWS
ABtiICE2boeELLNL. LT, HIEA
DEHEITIE, MBHHORH TIIABILE ISR L7
A, 203H U3 Bb 2y SRS B o2 Lt
MEhd, ZHCHLT, HHBoOYGIZI, 1480H®
AR THEP LY OROERBRHRESGRIEEN LD
20N, FOHLEVICHBLOBREEKTLAZL®

BIRFR, BEREBREC/NILOHER

. i HERTH
HROH HOH

36 86 117 148 203 34411
T-C 153 219 16.7 99 6.8 79
HEMLA  AREREN 25 49 41 2.4 23 23
CAiBRIEN 5.9 49 4.1 39 30 34
T-C 26.7 270 14.1 8.7 59 72
HEWEB AP BSIEN 20 47 1.8 25 1.7 2.2
C/AHBEEN 15.1 79 79 37 36 3.3

AROWAK Lkg (e¥) M7:9DCFE/ENg. z2) (T-N) —MEEREN.
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L N

Y v T EAEMORRCZMT 50558

FlE A vFax—ya ik EEmEBAbR R0k
(WA mgN kg 'z 1)
- e 0B
) 148 203 344 H
HENE A -5+43“' b>’ 3018 b 41+ 9b
HENE B -140+£29 a -56+4] a -10x30 a
THICRE E AR AKOARTE; R LSS () oRFER L RIE, BmgNke' 1. 2) #
Mo [, AR TR TG TR O - YAl + kAR . y) [H— HERE B ab BIE t BEITE 1%
KETHEADD.

?, AN FIEZBWTL LTI E D
2hb.

IS (1982) 1&, BERA-BALFa KA hokit
MO E AP EA LR A LT, NEWET
HRETHERNEWGOC/NED20LLTICRT 5 & 448
PRI SHESLELTWS, AWIETHSRELAY
YAFAEMAENTY, 34M4B HICHBEA B S5 h
o 72HEEA TEANEWE LIRS T 5F1~Fon K 2 mi
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BIZBWTH, %K E D HR202H LT LB % i 5 0wz 4 %
OERIED L L, MEofE R L2 w2 5.

EREERVEERE
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Bull. Apple Exp. Stn. Aomori Prefec. Agric. Forest. Res. Cent. 35 : 53 - 97. 2008

Studies on the Composting of Apple Prunings

Kiyoshi Sakamoto"”

Keywords © apple prunings. shredding size, composting. maturation process,

nitrogen source, piling methods, violet root rot

Summary

In Aomori Prefecture, the main apple producing district in Japan, the most desirable and effective way to utilize
the great quantities of apple prunings that are an annual byproduct of apple growing would be to use them for
maintenance and improvement of soil fertility of the apple orchards.

From this point of view. the present study focused on the following four points in order to establish composting
methods for apple prunings and methods to utilize the resulting compost.

1. The effect of the shredding size of apple prunings as a raw material for compost on substance change and
maturation in the composting process.

2. The effect on compost maturation of the amount of poultry manure and calcium cvanamide as nitrogen sources
mixed into shredded apple prunings.

3. The effect of two piling methods on maturation of shredded apple prunings.

4. The influence of application of apple prunings compost on the occurrence of violet root rot (Helicobasidium mompa).

To study the effect of the shredding size of apple prunings on the compost maturation process, two composts were
prepared: one from coarsely shredded apple prunings (compost A) and one from finely shredded prunings (compost
B). Both were mixed with poultry manure and calcium cyanamide and compost A was maintained at a higher
temperature than compost B.

Particle size fractionation of the compost samples revealed disintegration of woody materials and a decline in the
C/N ratio of coarse particles during the composting period, the changes being faster in compost A than in compost
B. When the compost samples taken at 203 and 344 d were incubated in soil with ammonium sulfate, compost A did
not show any immobilization of inorganic nitrogen whereas compost B showed slight immobilization even after the
344-d period of composting. Thus, I concluded that the maturation process of the compost from the coarsely shredded
prunings proceeded faster than that of the finely shredded prunings.

In a seedling growth test using Komatsuna (Brassica campestris L), no inhibitory effects on plant growth were
observed for either compost after the 203-d period of composting. This demonstrated that irrespective of the shredding
size of apple prunings, the 203-d period of composting provided an end product that had no inhibitory effect on plant
growth.

I compared the effects of the proportion of poultry manure and calcium cvanamide mixed into shredded apple
prunings by preparing mixtures with three different proportions.

The amount of ammonia volatilized in each compost was influenced by the amount of mixed poultry manurc and
calcium cyanamide, but the changes of volume, temperature, C/N ratio and particle size fractionation of composts
during the composting period were not obviously influenced.

Seedling growth tests using Komatsuna were performed with samples of the three composts taken at 203 d of

composting, and no inhibitory effects on plant growth were observed for any of them.
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As a result of the above-mentioned tests, the sufficient amount of a nitrogen source for apple prunings compost was
that of the lowest of the three mix proportions of nitrogen application, which was about 30kg of poultry manure per
100kg of shredded apple prunings. However, in the case of about 4kg of calcium cyanamide mixed with about 10kg of
poultry manure, the same effect was obtained.

The existence of ammonia volatilized in the early stage of composting suggested that it would be possible to reduce
further the amount of the nitrogen source.

To compare the effect of piling methods on composting of apple prunings, three methods were utilized. In the frame
piling plot, the compost materials were piled in a wooden frame while compacting them by foot. In the simple piling
plot, the materials were simply piled without compacting. In the recycled use plot, the materials were mixed with
highly decayed apple prunings compost without compacting. Coarsely shredded apple prunings were used in all three
types.

When comparing the frame piling and the simple piling composts, there were no obvious differences in chemical
properties, total carbon, total nitrogen or C/N ratio, nor were there obvious differences in dry weights, total carbon,
total nitrogen or C/N ratio between the particle size fractions of the two composts.

However, in Komatsuna seedling growth tests using 203 d compost samples, the growth of the seedlings was better

with the frame piling compost than with the simple piling compost, although no inhibitory effects on plant growth
from the simple piling compost were observed.
On the other hand, the fermentation temperature of the recycled use compost was lower than those of the other two,
but the C/N ratio was maintained at a lower level, and when the compost samples were fractionated according to
particle size. the ratio of coarse fractions was lower in the recycled use compost than in the other two and the ratio of
fine fractions was higher.

Seedling growth tests showed that when recycled use compost was applied, the Komatsuna growth already
exceeded that without the compost at 68 d, and at 203 d it was better than those with the frame piling or simple piling
COMPOSTS.

Thus, my results showed that for the composting of apple prunings, not only the commonly used composting method
of piling in a wooden frame, but also the simple piling method without compacting are applicable, and the use of
highly decayed apple prunings compost reduces the period necessary for composting.

Furthermore, my investigations into the composting of apple prunings with smaller amounts of nitrogen sources
concluded that 10kg of poultry manure and 2kg of calcium cyanamide per 100kg of shredded apple prunings are
sufficient.

To test the influence of apple prunings compost on the occurrence of violet root rot, one-year-old Malus prunifolia
trees were planted in clay pots filled with medium soil mixed with apple prunings compost. Then they were
inoculated with apple shoots on which isolates of the violet root rot had been mass-cultured in advance.

The inoculation tests showed that both andosol and alluvial clay soils are suitable to be used as the medium soil, and

that 5: 1 and 10 : 1 ratios of mix percentage are good.
For both soils and both mix percentages, the violet root rot was more induced with the addition of immature apple
prunings compost to medium soil than in medium soil alone. This indicated that it was possible to judge by the
inoculation test whether violet root rot is easily induced or not with apple prunings composts of various maturation
degrees.

The inoculation test was performed twice on each andosol/compost mixture from two periods of composting. The
results showed that apple prunings composted for less than half a year easily induced the violet root rot whereas more
mature compost of 200 d or more did not easily promote the infection.

My investigations demonstrated concrete. practical procedures by which farmers can produce apple prunings

compost.

" Aomori Prefect. Agric. & Forestry Res. Cent.
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