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BHBKILE | 25 ko/min OB THS. L, ZhbOEER
) (YROBRFTR., ST ERERHS

u?ét , YR FEIC E T AAICEREITE 5 &
Lt.%ﬂi«v/bﬁhioﬁﬁab &y
/\%?575:1001& L7z, M &2 Kk T25kg/min & 75
2 E91222 ) 2 0F L MR & %G L 72
BRREE OB I, BHE 418 & 5 1SRN
FE 7 L — 2ROBRETEHR L, BERIZIZEED
FRCIER 2 & AT R 2 A U, EHEE O 5 %
FREEZZEICES>TEREL S0 L THEIRT
5. MBENOEEIZEH B IED T v 7 # W,
2) Bk
(1) Eikgsf A3 K OBEREE
2) D 1) EIEBRICHIE L 7=,
(2 HUAuTERE
WA/ S8 — 2 M5 728, KO A& EA
Hianszlllz — Nzt K32 A > 2= Hcfidk
AL T, 2o fmiRiER L OB e % S A L
7z, Xby MROAHEIER (E%3mm, & &5mm,
KiEE50mg) & RDRDICHEAR Chif¥3mm, FigE35
~80mg) ZHEA L, RAE DO = v ¥ v R K
7,200rpm, 77 L 2 ZIEAKFIZ U CRRER L 7=,
() fEERER L FE
[LENZINT, JERHES BB & 96k O F-Bifmic
& 2 NERHEAEE DL, Ok, 1EELED
OBGABR % 1T - 72, DR L fEELBIC DOV T,
Wﬁ%u%%%®M£h%Ea#mﬁﬁ%§%ﬂi
¥E (VINEALH) L2368 LT, MigllEL <h
WL, HEsEofRE, M3 2) 0@ EEK
Thb. #FHFEHEIAKRTDHD, ERHIT B S &
U EZE I @ L Tz,
3) ABRRER B L UHE
(1) R & el R
58RI, NEURHMAA BA B D 5 11 infs /1 & fEn]

Tk, MW BE A5 LI T, BT B35 LT
DOEINIEEE T, LE L7z ETHRETH 5 & f
Wrahs.
T [l 138 1 3 EDRF 0D Rl ik it 0D 5228 93 Ay
PR L D R K E W 13mTH - 7=,
(2 HnMEGE
FIOKNS, Rk L URL v MIRIEROE T &5
MEHIR L2, WEYAH2UEICTh 5728, Bk
0.5m & 3mAlfE THEAKE L £ - 72, BRI
FDISNAME £ T A AR s & Wad &,
XUy MRAIERHISMTH O, KRAERHT4.6miZ#
U7z, #hricik, #HE T A NORREE 5 O FE 8
BHENEI R AW CE 5 2825, AREAGIEZ
Sm& 5.
&ﬁ,%ﬁ%@?7uﬁ&@ﬁ%%?ﬁ%u%¥

Mo <, JEE R

5 LI , A2 TE 5. TD728,
11513 &1 IV\WE%JE/J) R S T B AR 23

PNEHNIZ BT +mEHTE 5.
(3 fEXERER LI
NERHRAT BB O BT E A O 12, TH
U TIATIT A2, T ERRENIX1.55 & BT h - 7-.
72, EROBAILNS KE L, IEROHG S ESIC

F8x ARG AEOEILEE A & iEEFE

EEHE (kg) 0 100
AAERA (E) 37 27
wBhEE A () 32 28
EFEERA () 29 30
EEEEGR A (E) 30 21
ZHEE ¥ ZF (m) 1.3 1.3
ALEBFZ (m) 1.3 1.2
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30

SR - {URRAERL
Iy TV Bt

20+

& - 3

—~

BATIERE (m)

30 Y T T T
S XLy MRRER
IV B blEn

201

LB

—~

AP (m)

F19X EBROETEH%H

T ZENTE.

[ [EIZ 364 2 F-8An & REORMIS B A O 1 SR
FHHESIORNL, fEERERE A ZSE 9 RITR
U7z, HERHHS B RS D 1022 72 0 O 1 R I AT
B G %2 & CT13minTd D, fEERERIT
45a/h, HBEEDFRIZSTH 572, —F, Tk
M2 K %102 72 D OFEFERE 4 13minTH 0, A
FHEIH B IC K 2 HEDRHECH O 1 SERER oD JiiE sh R
FRB O N 572, ZhE, AR FHIEATH
BZLEN5, BT E TOBBEAZ L »h 5
7272 Th 5. HGEFEDROM LE LT, EfTH
JEDBEKRIZ X BB OEHENEZE L SNDB A, &
BT ERETH 5.

FESEF DDA EAEELRBA T, MFITITRE X
ENENTZ, FHATOOIBIEMERIL78%E K& <,
FERE 2RI B DX TH 7=, —F7, HERHE
RIS & 2 BRSO OHBEE MR FHm & 0
S 2ITNEN36%TH D, F7EEE IR E O X
BTH T, FELBIZBENTE T imTR, 5H

FIxk MIEFEROMERERCHBRA (1H)

BHhh & By 7 AR F8H
ETEE {m/s) 0.44 _
TR 18 (m) 6.4 -
TR (min/10a) 13.3 12.9
BiEEEDE (%) 44 -
TFSERER (a/h) 45 47
TEZEBF/ LA (b/min) 109 142
REFFOLBEB (b/min) 80 80
DEBENE (%) 36 78
% (8 38 ch Y
AHEEBEEES (%) 89 59

SIS &9 RSN L | I HLAENEE
BRI D59%IZ§ E a7z, La L, ORI
TIE, IHRBBGHNIRZEEL , HHAHO K
VRO EIA NS o 7z,

LIk, AH 3 fa B ER A% & Rl 23 A 1m L)
b, HEWT I AN I5RE LU O [ N1 SE3E A3 1141 3 %
W2 X ICRE SN TV S EBBICEA L,
JEMEREDBE/EREN 2SI e A TE I RML 215
7z, Bk, HHTZ IR v FiRB K ORI
EETo 5.

5 INEMEEDS XT LA

BV ERYNEEED, RRTIIMEEBOANE, H
ooy 7 FRE, TN 7y 2 TO
SEPRIESE S K D IEERKROE /B LR TS, %
2T, VAT LM FEICKD, HAEEEE 2 0
— 7 RHEWHEOMADRIZ LD v F VIHEMEZEIC
Bb2BHNOWERE LML, 20720, £,
BV IVWNHEEEDOETMLAEKD, ETLEXT
Vs MRATTu s I AR L, ThEMNTY
Sab—vaVEEGEL, hYERVINEEEY 2T
LDOB)REE T L 7=,

1) UNFEMEEOBEE

—%IZ, ENEEE AT 5 7 v — 7 T
SRR A 5 72 v Y OINFEIRESEIE, ERO1EE
FOMEETITDON S, EGEORMIE £ THRAER
L, EEED N (AL —4&) HHHTEE R
EL TS 28 S5 vy 7 £ TREIL, 2V FFD
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HEA BT 7%, HRNIEFZ CTRS. Z0OM, fii
O3S (FEEER) IRREMKEL, 2077
IZHREEANGT S, ZOLS L Tirbh I
EEAXNRICS, VAT L0 EFEIET 55, KE%E
T O & AR SEBE B O AR RE 2 DT IR
7.

Bk, BUEF S VR ENC BT B RS0 )
FESEIZ DO THEEIR S o0 Rl A BEt # LTk D,
SHTIEZ DORERE L HNWTW 5,

(1) PRI

RBRZFEAEHS-FEETH D, fEEHOR
TR RN 22 2 RIERUZ K > TIEERER 1
5. X512, 1BRY720 OREBUIFEIZ X 24T &
BT, BIfZE#E KX,

Z 2T, 30 A 5 500D HU A SRS O B
1B, 2.0mP2 52.5mD 5 X OB TCUEY 720
100g7> 5120g DRI % RS 2 56 OIFERER
HELEZ A, FH14.5(f/min, FEHEfR2.7{H
/min®D EMAE k572, 7270, FIcEEGEL
HRRENBWFAEI v OF — 21TV 7=,

@ #4720 REK

18 72 0 ISR F2 BUT R, AR, 4EK,
s, BIRBREFIC LD KE<LH TS, 22T,
ZEEE KD 57280, hAERMNTSH 2 /205 %10
a 24720 80K A 5 90A A & M7= [7] T DRI DFH
AGF AP -8 2 A, IHERFERIIRBIY 720
SR REAEA320. 911, A5EHE 279,818 D IERL 3 A 12
WS KERAEGE, X510, HERFEOMEY -0 R
HAEFAAL-L Z A, FIH108g THMERZE15.5¢D
R AZHE D FER E 2o 72,

() WA

BRI A-REIZ, K &523mm, [E364mm, #
E307mmdD 3 ¥ 7 HIJEICERTHERAE NS, 1
VT HICHAD D REMBAEREL 25, 1F
IF180 T > 72. RETHMITE >V T HIT,
N & 2 AR T REME R 5 5 £ TROAZ h
3.

EHRIZIE, EIE1mA 5 1.3mo E NI % E1T
TE5r7u—REMRENHH I NS, BRTxdRo
ru— 7 EMHI, BHEE6, HI0RITNTHITIE
THY, MEEEN6 TV TFE10T Y T F D2
M43, kb, 637 FREEHETRETSH D

$10x 70— FR/NEEREDHET

B B TR R

HiETk | 2R 1030 2100

(mm) 2408 675 1030

-1 1110 1100

etk | RS 1105 1100

(mm) L 530 950

HEAHE (k) 265~270 510
IUTUH A (kW) 45 7
AVTTFHRESE (B) 6 10

HRAMRRI45 H Y, 102 > 7 F R 2 E R
THATE S &5 KEO#EIHEE U TGMELZZED
T, MEEMERI60HTH 5.

N5 OEMH A e K AIBL151E LT O [# AR
ARETAEEEREL LA, BENT v IAD
IV TR ARRE L EY 5 L28.8m/minTdH >
7=,

@) FEHEAE

BATIGEPRH A T ¥ 7 F & i 2 PhEE, St
O X IR P EANEEORE, B+ 7 v o 25E
47 R RE 7 38 % OO SRS ] X i N O HUH A 12 &k - T
Rih.

ZZC, RBHEXEA20ak U, by idE L
TR A S AT, 285N 1 ROfESEE A
JEICHdE U 2= Rt A x5 & U, PR S E ]
3 s v — I ERE S FHET 28 DL LT,
SRR X ) A 10 4% 3 & T O E R A G F 5
L7z&Z A, 66mTdh 7=,

U RBIEIX BN O A EEEHETH D, b
5w 2 BXE AL E THEATE B4 EME L -
TH5. LrL, REHEMOHIERLHUS B
IZ&k-> T3, EXE»SHih-MEE TUIEE T
v O PHEATET, EHCE A X % fE TR - 5
vy o NEE THEBL 2T EES WAL H DD
T, 22T, 66mAERAO Yy EREEEEE L,
100m, 150m, 200m®EHRFEEEIZ DWW TRET S 5.

2) WHEEDET AL

(1) EFLOMEEK & HEBE

W LT v F YWY AT 4ET L
i, B20XITR T &K, AL — 4 L HliEhfEXA
ORPMEEEFIL, 2V TFFANORERALAETIL,
a2V T FEREET TV, EREEREL - F
ApERETRL —F v, IHEESERIEL —F >, ¥ 3



IS R v Y E ORI R RIZBI S % R 17

LN AT

FRU—FRE

HEERARR

AERARSR
EEETN

3 VT FAD av7rEs - ce ig
REBAHET N =30
- ; ARENR

Sm Smﬂﬂmw %

hat
I 3B

Yial—vay Ocs

HEA—F

B0 AHxVINEMEEOLEKET IV

2l =Y g VHIEL—F VTR I B,

PUMIS, S20XISR 8% 77 AR &HIHIL —
%V@%&@%%%ﬁwﬁé AL — 2 EHLD
MEMEER Z L ORIMEREET LIS, Y2 —
Vg VL —F U5 TEENREGAO6NBET
BRIMEEART, 2V T PR —McksbZLizth
THNORREEET 1S Y T FNORFERGAA
ETANGEERIMELA 525, Lard, AXL
— A FRRMEET T TIE, R A ERRAESE £ A
TEBREIZHENL, XL — 23RBS & rhibr
UHEMER ISR T 5 & 910, oV 7 EiMEET
T 6 DES &2 T AEREE T 5.

IV FFANDOREFAAET LI, VI —V
a VHEHY I 2L = g VL —F U0 6 DF%
TESM5Z26N5ETOM, SHERIEETTILH
52 TMBa Y T AL, Eittioa Yy 7+
MR RICA S &, HREEREL —F v \F5 %
g

aVTFFEBMEETETLIE, Y=Y 3 Uil
L —F oD TESBHLOIRD | H#HRESE
HlHIL —F > LOBTEFORORD & Lash o
LR %%%if%%if:/rféﬁ%?
DIRMAEY I 2L — L, ZORBREEID2ZDHD
fa5 & UTPREESERIEL — F v \3% 5 .

AEREGREIL—F ViE, 546X oS E
@6% FC X B R AR U QRS L —

YIZBZ 5 E A L, PHEFEERIEL —F 13,

WHEFADRIT R & AR & I LT, R
PERICELZRRTIESZ Y I 2V —¥ 3 Vil
—F UKD, X5, EREEREL - F T,
P OZZRRER R EIRRE 2 FIT LT, 27
FHERAEEE T L OBEE RIS 5(F5 % 3@ =
5. vIab—vaVilfiIL—-FUIE, KHET
LR —F Y ORGRAE T, & SITIMEBIET 2%
M43,

Kk, BMEEETNOEBEL LR T 5 7291
7Rt A KSR Y.

LR

L
e it
B - ® ......... N A=1— B
x‘bé——sv Y=a-X
¥ {
x—»l]—»Y Y=—X
a
x+ Y Y=Y+X
z
~®-
X Y Y=X-2
lz
X—»J_ —>A ( (X>Z)
0 (x<2)

EMEE (FHm, EHEEEsD)

_Al_a

F21X

S DERAA

o
cu
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—0

WPV U

Wm

£}
|

b
-

&
M)

]
A

Fo2K] AL —RIRRMEEETINL

=
il
i
#
—0
LR A AN

Wai

$23F HWEEEEHRREEET IV

2 B‘RIEEETL

v —J AGEMEFIC & 2 HEHRESE & SRREE O
HEELTEIAXRL -2 L FREEEICOAERT
5 HENESEE TN T OBRRIEXREE T L & 220X,
23NN,

FRDF XL — 2 RIHEEET LTI, 5A S
NP SERE R O P M & AR (R 22 146 5 IEAEL
BAREL, AL — 2 p3EES D T
Signal? 1 £ &2 DT, ZhzHEAKBICHRRETE
ZRFERKpnE T 5. fpnid TV T FIZRIAD B R HE
WICE 5L TTipne L TR XS, Tipnha v 7
FTHRRICETSEWmfE5% 1 & LT, ek
AVTFIMFETAIEEREL, av T 1Ay
DOTipn %51\ T, Hi7zaRAERFBICHZIRL 5.

23NN HIMEE R ORRERET LTI,
HREEICHE T I2BERENDT, EFTALAT
Signalf§ 5 &> Tz, ZhliHE, A XL —
APRRMEEET L LR CHEREE RS, TR 2
VT T OFEEIRA A5 5 Wai (IS HHB1ESE 2R
T’ i=1,2, ) ERET 5.

B, ANV -2 RRIEXETLEA TV I b
RIaBEEiVisual Smalltalk c 7 a7 3 4L L7-8 D %
24NN,

) RFEHGAATT L

3V T FANORFERGAAE TILIEHE25XNIRT &
I, AR — 2 EHiEEBORRIEEE T L
5, AE—MEF TRENFAEI NV T F DAL

operaterPick
m s fpn signall signal2
l s fpn sig gnal2 |
s =27.
fpn := NormalRandom mean:m sd:s.
SIgnall ChangeSlgnal cgSign:Ct.
'lP fpn * s nall,
tlmeOp txmeOpp +( DT * signall ).
Tpfpn >= CF

ifTrue: m =1.
fpn := Tfpn — CCF ]
ifFalse:{ Wm :=0].

ARl ANL—2RREEEETINOTOT I L

ERTESBHADT, Tho#R0 T, HikTRE
3T F ORE %Ncontainerk U TR 3 5.
IR TZ 5y 7L, EREOKZ I
FOPtE 5T BD T, Neontainer? ik 2 » 7 F
BUTET 2 &, ERfEE4IanTRe L 4 2155 Stp
#1192 LRIREC, ETEED v 7 TR KA 5
Wea v 5 FEERC T, #7-&Ncontainer!Z = %
5.

Gk, Stpfa 3 320N g & 5D, EikfE
%ﬁw—%/_ﬁeh,ﬂ/rfﬁ%ﬁﬁ%?»@
BE AT 5 E5OERIHEDN S,

@y 7 FEREEET L

a7 FHEBEET T L AS26XKITR S, HARME
FEIRM AR 915 5 StartTransph* 1 Tdh B[], HAL
W A TransTICHER &, HEREME2HRE T 5.
FPRAESEICA D ERERE OBE SIS T 5 &, H
1?%91’5%*“(“%5 ZEAERNTED, CtE 11275, &

IHERAEEAHE A, SRR & R O P2 g
ﬁ‘%ﬁwf_ﬁfﬁzlnﬁ%ﬂffﬁ IRB L, HETESD
—DTH5Cn%k 11275 LRI, HRIEX(DPT
HBILERNTIEFDO—-DTHBHCtE 0127 5.

LU, CtA 012k 5 &, [ARRICHEBRR S 0 12
5DT, Cnd 0&%D, TransTOfEIE 0 & DK
ENz®, HUCH LIZR->TLES. 208 %
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TR

Eo6Xl LT FEMMEEETIL

Fi< 728, SE20XNR$ & 5 12 HERAESERIEL — F
Y ERT, StpfE s L CtCnfE 5 & kgt LT,
WAEENT T L Z & DR T& % &, StartTrans
fBRz0ICLT, ay7r HHliME(EETLICE A 5.

Kk, 3T HEEHESET TV & ERAESER L
—FVOWEEE T u s T LML L 72 O EFETXNITR
7.

DO EF LR —F VIZDONWTERL LI IF L
F 0 &F->7zmethodbe LTT a7 24{LLTEHED,
Fmethod #d64| L THEL X B Z L I2kD v 3 2
L—Y g VT35,

3) YIab—vagV

1 EHAREBEE LTy I 2L —Y 3 v aEl
U, HRBE XN O ARRENNE X5 £ Tk s

Eicky, EMEERMARNT 5. Ak,
FTUTHON TS IERERIE, BFIZIAD RN
M 2 BUB O R4 AT 5 728, M+ (REUE (R

transport
| sigT sigT1 needT |
sigT := ChangeSignal new checkTransport:StartTransp.
needT := DTPT/ AVV.
TransT := TransT + (DT * sigT).
TtimeOpt := TtimeOpt + ( DT * sigT ).
StartTransp := sigT.
( TransT >0)
ifTrue:[ Ct:=1]
ifFalse:[ Ct =0 ].
(TransT >= needT)
ifTrue:[ Cn:=1.
Ct:=0.
TransT :=0]
IfFalse:[ Cn == 0].

check Transport: signal
| sign]|
sign = signal.
(signal = 0)
ifTrue:[ (Ct = 0 and:[Stp = 1]) ifTrue:[ sign := 1]]
ifFalse:[ (Cn = 1) ifTrue:[ sign := 0. Ct := 0]].
Asign.

7 LT ERMEET T IV EEREERIE
W—F>DTATZ LA

EX2) ERAEEZEIR/MIE L, Zo#HHND
[EAESCFN TS LN AN - | A

BAIN DI )1, EiHEO 3 v 7 FERAEE ST,
FEHRRRE A fLA DA 723 BRIX 2 S5 11RO K 5 IZRE
L, BRBX Z L1230 DY I 2L —¥ 3 VAR
L.
BohzyIar—y a3 VEER2S, GRERIX T -
1-OL-2-O%FEAT, RIETHICKD HRZ
o TWB a2V T DL ERETEMBBAIZL 5
AT FOROEE 2 < &8O K5 Ik
. Zh&0, vV EESEE T ILAPTE DR
HEAMMA CWBZ L ATERTX 5,

4) HHERG K OB

BER HABRX

&S Fh | E#or TR | EWES(m)
(A)
I-1-® 2 6 65
I-1-@ 2 6 100
I-1—-® 2 6 150
I1-1-@ 2 6 200
[-2-® 2 10 65
1-2-Q@ 2 10 100
I-2—-Q 2 10 150
1—-2—-@ 2 10 200
I—-1-@® 3 6 65
I-1-@ 3 6 100
I—-1-Q 3 6 150
I-1—-@ 3 6 200
I—-2—-@® 3 10 65
I-2—-Q 3 10 100
1—2—-Q 3 10 150
I-2—-@ 3 10 200
m-1-® | 4 6 65
m—1—-Q 4 6 100
m—1-Q 4 6 150
m—1—@ 4 6 200
n—-2-@ 4 10 65
m—2—Q 4 10 100
m—2-Q 4 10 150
m-2-® 4 10 200
30 | i
251 — ESFLILTH(HENA) ’
e ERFEHDLTFENIN) '
. — = ERHEATFHHAN) '
3 aof e EREBOLTHEDIA) o—-- J
Z
5
+ 15k |
& e
(@) !
1o} - F—TJ

Ll
1 i 1 -l
20 40 60 80 100 120 140
#2855 M (min)

28 LIl —PaEROA
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(1) EHRIEE & SRR 1 SRR

V3ol =¥ g VEERD B RIRERIX & OfEER
D40, fweoIME, K, FEME(RZE % KD TH
1218 U, BREREEIC & 0 228 X h 2 iR
ONFEE A 2N IR T, Kho I AL -4 &
EEEED 2 AMEXE, DT2AMEEESEE 1 ANA
tSAﬁ%,Mﬁ4A¢¥@%AT®5

BOXNZ K b, FEHEEEEA65mA 5100mil 7% -
T3, HEHIPRIREIZBD D 7 < MBAEERERIZZ
boRWZENFND, £, HEIRFEEEA100m %
Bz 3 E12&D, DE2ICHRIESERER A8 3 i A
RAZ300, Bl v 7 FBA10M T, SHEfEE
BEA150m=R°200m & £ < % - T3 HAL- 728 &
EBENWIENINNLD, X 51T, 6

F12R Y Ial—Ta iR (KRIEXRE)

HERX EHE(h) | BAME(H) | BXE(h) | HERE(R)
1-1-® 37.18 32.54 52.58 3.87
1-1-@ 37.71 33.50 52.07 4.54
I-1-@ 39.85 34.90 55.07 5.53
I1-1-@ 41.71 36.22 58.57 6.25
I-2-O 38.11 32.82 4725 4.33
1-2—-@ 37.56 32.83 59.21 535
1-2-0Q 39.85 33.13 52.15 6.18
1-2—-@ 39.36 34.95 51.30 4.99
I—1-® 26.45 23.48 29.60 1.82
I1-1- 25.87 21.45 31.12 2.70
I-1-® 27.22 23.70 34.88 2.83
1—1—-@ 29.21 25.77 33.78 2.70
1—-2-® 25.34 20.57 3125 245
I-2-Q@ 25.81 22.02 3293 3.17
I-2-0Q 26.89 24.17 30.67 1.94
I-2-@ 27.31 21.73 33.25 3.30
m—-1-® 20.06 16.15 23.92 2.17
m—1-@ 19.55 16.42 23.85 1.88
n—-1-0Q 20.56 16.62 24.85 2.33
n—1-@ 21.52 17.65 26.93 2.54
m—2-® 19.40 15.73 2327 2.22
m-2-® 19.14 17.67 23.10 1.82
m—2-® 19.59 16.62 23.15 1.66
m—-2—-@ 20.33 16.68 24.95 2.16
45 r
1-1
40 | =>_/~<:
1-2
w 3D
1 _
% o-1
i 30 e
f) ’”'"::::::::=:=.-4---""'”:":::.: --------------- ;_2
25 F L
m-1
20 b ke St 1
foizizimiogm mTiDiT -, m
15
65 100 150 200
ERIERE(m)

20 AEIESERERE

OMEFRE E T 5 &, 200mD R FHEE A g4
B354, RO ENP S EEA 6N 5.
)RR R & R HE 1 SRR
FEO K XI2&D B v F Y IHEEEDRER A
T BHEANNT 5720, Mgy 7 FEelo
R () 10 dEE GRIERE) oMk
WO 2SR A KD, PISKITRT, Zh&
D, WEHN 2 BEO 3 ADOBA, ERRIEEEA 150
mE TTIE, BEka v 76l & 10T %
WZ MBI PNA S, EMPERE2200mE &K<, 7
BN AANELL BbE, MEEDEN TRIEER
BOZEPKE L 5D, M3 v 7 F B A3 1010 i
HIHERIC KRB EEZONS,
() F7fEh T & HRIUHE 1 SErE

30X, EHEREEA65m & 200mDIGA D7)
EAREERFR O BItR 2R . X2 b6 s K51
7 TIDOBENNZPE - THEAESERERNE RIR ISk 35
PILEn oM 62k ic, Mk, Hkdo X
XX W hrSh v FVINEEELE SN TS L,
— A S E MRS O [ T B AU, HEE MRS T15
MDD & 2 KIFOERHEAZEAT 5 Z & ORI
FEEAERLNT, ©LAWEIEENTXE 344t
NdHIL, RT3 Z & Tl DR SERER o 78
XN S,

F13FR EMEERIC L S RERKEREZDRERR

% h [27FE | ERE#E EHTERE (m)

(A) (18) (m) 100 150 200
2 6 65 *
2 10 65 * * *
3 6 65 * *
3 10 65 *
4 6 65 * *
4 10 6 * *

5
&) *FNERE 5 R TBERErEV & ’ET?’

SE HEREREGSD SEYRTESH200m

30X FHH EABEERERE
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6 Hm =
SUERR A VY R OSITIEEMALRR % TS
3 7-0IC B BRI E LT, ENEEEDHES)
Hhiderk EHBARREE, 3 OISR ASO BT & |
IHEAESED Y 27 LM & FEhE L 7=,

(1) FEPIEEE O 5 S il o B %
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Research on the Development of Mechanized Production System
for
Steep Sloping Citrus Orchards

Masahiro Mivazakr*, Koichiro Okazaxki, Noriaki ISHIZUKA* *,
Toyoji Takatsuy* ** ,Koji INooku, Koji SEKINO,
Hiroshi Yamamorto** **, Yuji Nacasakr* * *** Hiroaki TanAkA and Osamu SUMIKAWA

Summary

The objective of this research is to develop a mechanized production system which enables to reduce hours as
well as improve the working conditions for steep sloping citrus orchards that are located on the slope steepness 15
to 25° . During the research the following activities were performed:

(1) Investigation on the present situation of citrus production and a mechanized production system for steep
sloping orchards.

(2) Development of fundamental techniques required for a mechanized production system.

(3) Evaluation on reducing hours and hardness of work by a mechanized production system.

(4) Analyzing the process of selecting operation systems for citrus production.
1. Present situation of citrus production and a mechanized production system.

Citrus orchards with the largest quantities among in Japanese fruit industries, are remarkably spread in steep
sloping land. Since steep sloping orchards are well-drained, exposed to sunshine, and well ventilated, farmers can
grow sweet citrus fruits that fetch a high price. However, the mechanization of such orchards has been lagging
behind because the use of machinery is difficult and sometimes even dangerous due to the steep gradients and
high-density planting. As a result, farmers had to tend their orchards by hand, spending long hours stooped over
their trees. Moreover, farming is facing growing problems due to the shortage of efficient farmers associated with
increase of farmer's average age and decrease of the number of young people. Therefore the abandoned orchards
are increasing. To cope with these problem, a new mechanized production system is in great demand for farmers.

To mechanize steep sloping orchards, it is primarily necessary to construct passages for agricultural machines.
The construction of wide farm roads or paths to allow the passage of large sized machines is not suitable on steep

sloping orchards because the construction costs are high and there is a risk of landslide. Furthermore, the total

Department of Hilly land Agriculture
*National Institute of Vegetable and Tea Science
**Shimane University
***National Institute of Fruit Tree Science
****National Institute of Livestock and Grassland Science
*****National Agricultural Research Center
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yield from the orchards decreases because many trees have been cut to make space for machinery. Therefore, a
walking-type machinery production system (WMPS) which needs narrow farm paths will be adopted for steep
sloping orchards. The fundamental designs of the WMPS are as following;

1) The basic specification of machines ;(a) The operator does not ride on the machine, but walk behind it. (b) Use
of crawler treads, rather than wheel.(c) The machine has a very small turning circle.(d) Overall width of machine
is less than 1.0 m.

2) The design of construction farm path ;(a) Width of path is 1.0 to 1.3 m.(b) Gradient of path is less than 15°.(c)
Layout is rib pattern which the connection path acts as a backbone, while working paths are located laterally to

connection path.

2. Development of fundamental techniques for WMPS.

1) Low cost pavement of farm path

To allow machines to travel smoothly, a low-cost cement aggregate pavement using soil from the orchards itself
instead of gravel and sand brought in from outside was developed. The cement is mixed with a coagulant powder,
water, and soil, and smooth down the surface.
(1) The optimum mixing ratio of soil, cement, and coagulant in pavement materials is 100 : 13 : 0.3, respectively.
Pavement depth is 7 - 10 cm. This pavement is considered to be enough for machines of WMPS.
(2) This pavement can be carried out using such as rotary tiller and power sprayer. The farm path is constructed

at a rate of 25 m2/h with a team of five workers.

2) Mechanization of pest and disease control

In order to reduce the works of pest and disease control, an air-blast sprayer was developed. The sprayer has
crawler treads with a pivot turning mission. It is equipped with a power sprayer and an axial fan, and emits a fine
and dense chemical mist. The operator can direct the spray precisely onto the target by controlling the direction
of a fan drum, that can be adjusted freely between 35" upward 20° downward. This sprayer has a liquid chemical
tank with the capacity of 300 1.
(1) This sprayer can be adapted to the farm paths for WMPS. Air turbulence associated with the fan drum swing-
ing automatically shakes the leaves of trees, so that chemical spray adheres to both sides of leaves.
(2) The deposit ratio was about 90% on both side application in one row of trees or two row of zig-zag trees. The
working efficiency was 15 a/h, which showed about 33% reduction of working hours. The use of the sprayer
enabled to improve the labor intensity required for pesticide application by comparison with the power sprayers

with long hoses.

3) Mechanized fertilizer application

In order to improve the work of fertilizer application, a fertilizer spreader for side dressing which was a mount-
ed type fertilizer unit attached on the bed of the transporter was developed. The capacity of the hopper of the fertil-
izer is 100 1. Granular or pellet type fertilizer metered through an auger attached the bottom of the hopper is led to
a discharge pipe and blown out with air from a centrifugal fan. Mounting and unmounting the unit on the bed of
transporter are easy operation, because of the transporter's hydraulic lift system.
(1) This machine can be adapted to the farm paths for WMPS. The maximum discharged capacity is 25 kg/min
and the width of application is 4.6 -5.0 m.
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(2) Fertilizer can be applied at a rate of 100 to 150 kg/10a with a working efficiency of 45 a/h. The labor intensity
required for fertilizer application was obviously reduced by the use of this spreader.
4) System analysis on harvesting operation

This verse shows the comparison between two types of transporters carrying different numbers of containers, 6
and 10, for harvesting. They are used on a narrow path on a steep sloping orchard in order to improve the harvest-
ing operation.

Since the harvesting operation of fruits is a complex system influenced by a capacity of the transporter, the
transporting distance, and the number of workers, we applied a systems analysis method of building a computer
model and simulating the operation. The model was programmed by Visual Smalltalk, which is known as an
object-oriented programming environment.

The results of the computer simulation were summarized as follows.

(1) Not all the bigger type transporter with 10 containers had higher efficiency than the one with 6, in case of a 20a
field lot with a wide road enough for a light track in a common sloping orchard.

(2) In the cases, which require long transportation over 100 m to a light track, the bigger type transporter gives a
slightly higher efficiency.

(3) Introduction of additional labors brings a drastic reduction in harvesting time.

3. Evaluation on reducing hours and hardness of works by WMPS

To confirm the advantages of WMPS, we set up a model orchard in an actual farmer's orchard with a mean
slope gradient of 25° at Yoshida town, Ehime prefecture. The model orchard of 1.0 ha was improved by adopting
the developed farm path system. The working path was placed at an interval of every two rows, with a path density
of 1.2 km/ha.

Field experiments were conducted to determine the labor intensity of each operation and the yearly working
hours by comparison with a conventional production system for four years. Investigations of yield and selling price
for the model orchard were also performed to evaluate the productivity compared with the area average. The
results of investigation were summarized as follows.

1) The process for improving by the construction of paved farm path with 1.0 to 1.3m width and under 15° of gradi-
ent was shown. The rate of removed trees for the construction of the path was only 6.5-11.3 % . The improvement
of citrus steep sloping orchards for the WMPS didn't cause yield reduction in spite of some thinning of citrus
trees.

2) The WMPS using an air-blast sprayer, a lift transporter and a side distributor were proposed for steep sloping
orchards. The tests showed that WMPS enabled to reduce yearly working hours by 35% as well as improve the
working conditions without a decline the quality of fruits and yield. These results indicate that the introduction of
this system enabled to avoid hard manual labor required for the maintenance of orchards on steep sloping

orchards and extended the scale of farm operation.

4. Analyzing the process of selecting an operation system for citrus production

In order to make a guideline for selecting an appropriate operation system for citrus production in sloping
orchards, the decision support system, which was based on the Analytic Hierarchy Process method, was devel-
oped by using the Visual Smalltalk. The process of decision making by using the support system was shown.

The three types of production systems, which are a facility type, a riding machinery type and the WMPS were
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analyzed. The facility type is composed mostly of sprinkler pipelines and monorail transport lines. The riding
machinery type is constituted mainly of a speed sprayer and a light truck. The WMPS is composed of an air-blast
sprayer and a crawler type transporter in the main. The hierarchical structure concerned with decision making
process was constructed, and then the following results were obtained through the survey on orchard managers
by using the decision support system.

1) To select the appropriate one from the three production systems, the connection roads to orchards and the gra-
dients of fields should be considered.

2) The works of chemical application and transportation are especially demanded to rationalize.

3) Managers having comparatively a large household scale in gentle sloping areas select the riding machinery
type. The facility type is selected by managers having comparatively a large household scale in steep sloping areas
and having the demand financial supports. Managers having a smaller household scale in steep sloping areas
select the WMPS.
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I Introduction

Recently, the spoilage of fruit juice by thermoaci-
dophilic spore-forming bacterium Alicyclobacillus aci-
doterrestris has been observed worldwide. Fresh
fruit juice and juice concentrates are often contami-
nated with spores of A. acidoterrestris®'"®, and they
have survived after pasteurization*»*. The bacteri-
um produces an off-odor compound, guaiacol”®, but

not any toxin in fruit juice.

The growth of A. acidoterrestris in fruit juice has
been regulated by nisin which is an antibacterial pep-
tide from Lactococcus Iactis subsp. lactis**. Sodium
hypochlorite killed the spores'®, and egg white
lysozyme reduced the heat-tolerance of the spores®.
To prevent the spoilage of fruit juice by A. acidoter-
restris, ultra high-temperature heat-treatment (UHT)
is the most effective since this bacterium has not
been found in any commercial UHT juice®®. Howev-

er, the UHT usually spoils flavor of fruit juice. There-

(Received October 5, 2001)
Department of Regional Crops Science
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fore, the control of A. acidoterrestris by the combina-
tional treatment of antibacterial substances from agri-
cultural products and pasteurization are examined in
this study.

Barley and wheat seeds contain peptides of
a - and (3 -thionins, which consist of 45 amino acids
and inhibit the growth of various microorganisms®,
but there are only a few reports on the inhibition to
Gram-positive bacteria. In particular, the growth
inhibition of A. acidoterrestris by the thionins has not
been reported at all. The «- and f-thionins were
also heat-stable and extractable from barley and
wheat flours by 0.05 N H.SO.,® and by 0.05-0.2 N
HCI®. Barley and wheat « - and /3 -thionins are also
called as «- and fp-hordothionins and «- and f§-
purothionins, respectively. Most fruit juices original-
ly contain citric and malic acids, which are widely
used as food additives. If the «-and p -thionins are
inhibitive to A. acidoterrestris and are extractable by
citric and malic acids from barley and wheat flours,
the crude extracts containing «-and j3 -thionins may
prevent spoilage of fruit juice by A. acidoterrestris.
This report describes growth inhibition of A. aci-
doterrestris by the «- and /3 -thionins, extraction of
the «-and p-thionins from barley grains by citric
and malic acids, and control of A. acidoterrestris in

fruit juice by the addition of the extracts.
I Materials and methods

1 Purification of « - and /3 -hordothionins

a - and p-Hordothionins were purified from a bar-
ley cultivar "Ichibanboshi". The grains were milled
by a Cyclotec 1093 sample mill with 1 mm ¢ mesh
screen. Milled barley flour was washed twice in a 20
mM phosphate buffer (pH 7.2) containing 1 mM
thiourea at 4°C for 1 h. It was then extracted with the
phosphate buffer containing 0.5 M NaCl for 2 h. The
a-and [ -hordothionins in the extracts were precipi-
tated by adding crystal ammonium sulfate until a sat-
uration of 50% to 90% was obtained. They were then
purified by high-performance liquid chromatography

(HPLC) with a column of Wakosil 5C4-200 (Wako,
Osaka, Japan) using a gradient solvent system of 0-
40% (0-50 min) acetonitrile containing 0.1% trifluo-
roacetic acid at 0.5 ml/min by monitoring of OD:u.

Each fraction (0.5 ml) was dried out with a centrifu-

A
<
N
o)
O B
15 30 45

Retention time (min)

Fig.1 HPLC profiles of purified «-and j -hordothionins.
A: «-hordothionin; B: /3 -hordothionin; column:
Wakosil 5C4-200; gradient solvent: 20-40-50% (0-30-
35 min) acetonitrile containing 0.1% trifluoroacetic
acid.

gating evaporator. To prepare the stock solution, « -
and /3 -hordothionins were dissolved with autoclaved
distilled water. Portions of the stock solutions were
re-analyzed by HPLC (Fig. 1).

2 Assay for antibacterial activity

A. acidoterrestris ATCC 49025 was pre-cultured at
37°C for two days in a yeast-peptone-glucose broth
(YPGB: yeast extract, 2.5 g; polypeptone, 5 g; D-glu-
cose, 1 g; MgSO, - 7H:0, 0.5 g; KCI, 2 g; distilled
water, 1,000 ml) at pH 4. The pre-culture was heat-
ed at 60°C for 1 h to activate spores and inactivate
vegetative cells®®. A portion of the heated pre-culture
containing 5X10* spores was inoculated into 1 ml of
YPGB, which was supplemented with 1-100 /2 g/ml of
purified «- and fj-thionins. Purified «-purothionin
was purchased from Takara Biochemical, Shiga,
Japan. « -Purothionin is further classified to « 1- and

a 2-purothionins®. The purchased « -purothionin
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was identified as « 1-purothionin by amino acids
composition analysis'®. The minimal inhibitory con-
centration (MIC) was defined as the minimal concen-
tration at which no increase of ODsw in the broth was
observed after two days of incubation at 37°C. The
viable cells were indicated by colony forming unit
(CFU). CFU was counted using potato dextrose agar
(Wako, Osaka, Japan) (PDA) plates containing 0.1%
DL-malic acid. Autoclaved PDA was mixed with a
sterile malic acid solution prior to plating, and the pH
of medium changed to around 3.8. Samples were
diluted with a 150 mM NaCl solution and were
spread on the PDA plates. Colonies on the plates
were counted after three days of incubation at 37°C.
Peeled satsuma mandarin and an apple cultivar
"Fuji" were homogenized by High Power Homoge-
nizer II (Hirosawa Iron Works, Tokyo, Japan). After
centrifugation (10,000 g for 1 min), the supernatants
were used for the antibacterial assay. In the assay for
antibacterial activity in fruit juice, A. acidoterrestris
was pre-cultured at 37°C for three days in fresh 100%
satsuma mandarin juice (12.3° Brix, pH 3.5), 30%
dilution of apple juice (4.2° Brix, pH 3.7), or com-
mercial mixed fruit-vegetable juice (9.2° Brix, pH
4.2) containing juices of carrot and apple, etc. The
strain ATCC 49025 did not grow in fresh 100% apple
juice (13.7° Brix, pH 3.6), but grew in the 30% dilu-
tion of apple juice. The dilution of apple juice was
prepared by diluted with distilled and autoclaved
water. The pre-culture and fruit juices containing « -
and p-thionins or barley extract were separately
heated at 80°C for 10 min'® before inoculation. The
juice in 2 tubes was inoculated with a portion of the
pre-culture and was incubated at 37°C. The CFU was
counted as shown above and the MIC was defined as
the minimal concentration at which no increase of
the average CFU after two days of incubation at 37°C.

3 Extraction of «- and S-hordothionins by citric
and malic acids
Barley grains were milled by the same method in

the purification of «- and p-hordothionins. Milled

flours (1 g) were mixed with 4 ml of 0.05-0.2 M citric
acid or 0.2 M DIL-malic acid, and the mixtures were
incubated for 30 min at 20°C with 10 sec of bortexing
every 10 min. After centrifugation at 2,000 g for 1
min, the supernatant (2.6ml) of the mixture was
stored at -30°C until it was added to the fruit juice. A
portion (2.5 1) of the extract was analyzed by SDS-
PAGE and silver staining'®. To compare the amount
of «-hordothionin in the extracts, another portion
(50 1) of the extracts was fractionated by HPLC
under the same conditions for the purification of « -
and j-hordothionins. The fractions containing « -
hordothionin were dried out by a centrifuging evapo-
rator and were dissolved with 50 /.1 of distilled water.
A portion (5 1) of the sample was loaded to SDS-
PAGE. The amount of extracted « -hordothionin was
compared by area and density between silver-stained

bands in the gels.

I Results

1 Growth inhibition of A. acidoterrestris by purified
a - and S -thionins

The MIC of «-and p -thionins against A. acidoter-
restris in YPGB was 5 ;2 g/ml for « -hordothionin and
a -purothionin, and 10 1 g/ml for j-hordothionin.
a -Purothionin (20 1 g/ml) reduced the CFU in
YPGB from 5X10%/ml to 1X103/ml for 6 h, and the
reduced CFU was maintained for three days (Fig. 2).
The CFU in the medium without « -purothionin was
the highest after 24 hr of the incubation, but
decreased after 48 and 72 hr of the incubation (Fig.
2). The pH of the medium after 72 hr of the incuba-
tion was 6.5, and the pH elevation was probably
attributed to bacterial conversion of polypeptone to
ammonia. The reduction of CFU may be caused by
the neutral pH of the medium, because the growing
pH range of A. acidoterrestris was 3.0-6.0%,

The MIC of «-and pj-hordothionins and « -puroth-
ionin against A. acidoterrestris in the satsuma man-
darin juice was all 15 1 g/ml. The reduction of the
CFU by 20 1 g/ml « -purothionin in three kinds of
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Fig.2 Growth inhibition of A. acidoterrestris by « -

purothionin in YPGB. Open circles: 20 2 g/ml «-
purothionin; closed circles: no thionin.

fruit juice is shown in Fig. 3. The CFU in the sat-
suma mandarin juice with « -purothionin decreased
from 3X10°/ml to 100/ml after a three-to-five-day
incubation at 37°C. A similar inhibition was shown in
the mixed fruit-vegetable juice, but the inhibition was
relatively weak in the 30% dilution of apple juice. The
viable cells in the dilution of apple juice containing
«a -purothionin decreased after one day of incubation,
but they gradually increased for two-to-five days.

2 Extraction of «- and /-hordothionins by citric

and malic acids

a-and j3-Hordothionins were extracted from bar-
ley flour by 0.2 M citric acid and malic acid (Photo.
1). Since the difference of molecular weights
between «-hordothionin and /3 -hordothionin was
only 41 Da®, «-and p -hordothionins were detected
at the same position in this gel. The citric and malic
acid extracts seem to contain similar total amounts of
a-and (3 -hordothionins. A concentration of citric
acid higher than 0.2 M and/or an extraction time in
excess of 30 min caused viscose extract, which

seemed to be unsuitable for addition to fruit juice.

Log CFU/mI

0 1 2 3 4 5
Culture days

Fig.3 Growth inhibition of A. acidoterrestris by « -
purothionin in fruit juice. Circles: satsuma man-
darin juice; triangles: 30% dilution of apple juice ;
squares: commercial fruit-vegetable juice mixture;
open symbols: 20 2 g/ml « -purothionin; closed cir-
cles: no thionin.

These extracts also contained considerable amounts
of proteins other than «- and p -hordothionins, and
the protein composition was different between these
extracts.

a-and /3 -Hordothionins in the extracts were sepa-
rated by HPLC (Fig. 4) but the amounts of «-and /-

(kDaj
1 3
106 - -
80 - »
49.5- mu
A28 -
- 30 kDa
ZT.5 - it
W
18.5 - m—
]12-16 kDa
- and f-

Hordothionins

Photo.1 SDS-PAGE of barley extracts. Lane 1: marker
proteins; 2: 0.2 M citric acid extract; 3: 0.2 M
malic acid extract.
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hordothionins were difficult to estimate by peak area
because the baseline of the two peaks of «- and /-
hordothionins is obscure. To estimate the amounts
of «-hordothionin in the HPLC fractions, the frac-
tions were analyzed by SDS-PAGE (Photo. 2). «-
Hordothionin was detected in the HPLC fractions
from the extracts of 0.5-0.2 M citric acid and of 0.2 M
malic acid, but not of distilled water. These HPLC
fractions were still contaminated with unknown 20
kDa proteins, and the band position of the proteins
was slightly different between the extracts of citric
and malic acids. The HPLC fraction of the 0.2 M cit-
ric extract contained larger amount of « -hordothion-
in than that of the 0.05 and 0.1 M citric acid extracts
and almost equal amount of «-hordothionin com-
pared with that of the 0.2 M malic acid extract.

3 Control of A. acidoterrestris in satsuma man-
darin juice by barley extracts
The effect of the barley extracts with 0.2 M citric
and malic acids on the growth of A. acidoterrestris in
the satsuma mandarin juice was shown in Fig. 5.

When the satsuma mandarin juice was inoculated

+ o-Hordothionin

B-Hordothionin r

OD224

y

T T 1

20 30 40 50
Retention time (min)

Fig.4 HPLC profile of 0.2 M citric acid extract from bar-
ley grains.

1 2 3 4 5 86 T
M w— == A2 kDa
—— — — ] II-J'|I;'I"-5'I.'.I|.'-|‘III:II'III'I

Photo.2 SDS-PAGE of HPLC fractions containing « -hor-
dothionin. Lanes 1 and 2: standard « -hordoth-
ionin (1: 0.2 1 g; 2: 0.5 x g) ; 3: water extr-
act, 4-6: citric acid (4: 0.05 M; 5: 0.1 M; 6: 0.2 M)
extracts; 7: 0.2 M malic acid extract.

with about 2X10° spores/ml of A. acidoterrestris, the
average CFU after 2 days of incubation increased in
the orange juice containing 1% and 2% of the citric
acid extract but decreased in the juice containing 3%
and 5% of the extract (Fig. 5A). The average CFU of
A. acidoterrestris in the satsuma mandarin juice con-
taining 3% of the citric and malic acid extracts was
regulated under 1X10* after 5 and 10 days of incuba-
tion (Fig. 5B). The 3% addition of the citric and malic
acid extracts in the juice caused a little pH reduction
from 3.6 to 3.5, and such pH difference did not affect
the growth of the bacterium?.
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Fig.5 Growth inhibition of A. acidoterrestris by addition
of barley extracts in satsuma mandarin juice. A:
CFU after 2 days of incubation in the juice contain-
ing barley-0.2 M citric acid extract. B: open circles:
3% addition of the barley-0.2 M citric acid extract;
closed circles: 3% addition of the barley-0.2 M malic
acid extract; squares : no addition.

IV Discussion

The relation of A. acidoterrestris cell population and
guaiacol accumulation in fruit juice has been report-
ed”®, When the bacterium was grown at a rate

exceeding 1X10°/ml in fruit juice, the fruit juice con-

tained a sufficient amount of guaiacol that had a
noticeably tainted odor®. Another report indicated
that the guaiacol content in apple juice did not always
correlate with the number of cells, whereas the mini-
mum cell population for sensory taint was about 1X
10*/ml"™. Therefore, to keep the cell population of A.
acidoterrestris under 1X10*/ml prevents the
spoilage of fruit juice, even if fruit juice is contaminat-
ed with some spores of A. acidoterrestris. Purified
« -purothionin (20 ;2 g/ml) regulated CFU in the sat-
suma mandarin juice and the mixed fruit-vegetable
juice under 1X10°/ml after 5 days of the incubation
at 37°C (Fig. 3). Although a slight difference in the
average CFU was observed between the satsuma
mandarin juice and the mixed fruit-vegetable juice,
the cause is unknown. Also, 3% addition of the barley
extracts with 0.2 M citric and malic acids regulated
the average CFU in the satsuma mandarin juice
under 1X10?/ml after 5 days of the incubation (Fig.
5B).

In contrast, the inhibitory effect of « -purothionin
against A. acidoterrestris was relatively weak in the
30% dilution of apple juice (Fig. 3). Apple juice con-
tained a considerable amount of tannin?, which had
ability to co-precipitate with various proteins'®.
Therefore, « -purothionin added in apple juice may
be co-precipitated with tannin and lose the antibacter-
ial activity. Although many strains of A. acidoter-
restris were grown in apple juice??1®202 the strain
of ATCC 49025 was not grown in 100% juice of the
apple cultivar "Fuji" in this study. If many other
strains of A. acidoterrestris are not grown in the
apple juice, "Fuji" may be resistant to this bacterium.

Most fruit juice originally contains citric acid and/or
malic acid, and the total concentration of these acids
is around 1%. 0.2 M citric and malic acids correspond
to 3.8% and 2.7% of the acids. The 3% addition of the
0.2 M citric or malic acid extract raises the concentra-
tion of citric acid (0.11%) or malic acid (0.08%) in fruit
juice.

In Photo. 2, the silver-stained band of purified « -
hordothionin (0.5 . g) was wide but pale compared
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with the band of «-hordothionin in the HPLC frac-
tion from the barly-0.2 M citric acid extract. If the
amount of « -hordothionin in the HPLC fraction from
the barly-0.2 M citric acid extract is maximally evalu-
ated as 0.5 1 g and the extract contains about a half
amount of 3 -hordothionin (Fig. 3), the extract origi-
nally contains about 100

1 g/ml of «-hordothionin and 50 ;2 g/ml of j-hor-
dothionin. Since the MIC of «-and /3 -hordothionins
against A. acidoterrestris in the satsuma mandarin
juice was 15 2 g/ml, 10% addition of the barly-0.2 M
citric acid extract seemed to be required for the con-
trol of the bacterium in the juice. However, A. aci-
doterrestris in the satsuma mandarin juice was actu-
ally controlled by 3% addition of the extract (Fig. 5).
This result suggests that the barley extract contains
antibacterial substances other than «- and /3 -hor-
dothionins.

Barley seeds contain various antifungal proteins
other than «- and §-hordothionins. A 30 kDa anti-
fungal ribosome-inactivating protein (RIP) was
extractable from barley seeds by 60 mM acetic acid™.
RIP of an Andean crop Milabilis expansa inhibited
the growth of a Gram-positive bacterium Bacillus
subtilis #, and the ribosomes of a Gram-negative bac-
terium Escherichia coli were inactivated by wheat
leaf RIP, but not by wheat seed RIP. Photo. 1 indi-
cates that the barley extracts contained 30 kDa pro-
teins. These reports and result suggest that the bar-
ley extracts using 0.2 M citric and malic acids may
contain RIP, and the RIP possibly inhibit the growth
of A. acidoterrestris in fruit juice. However, the heat-
tolerance of barley RIP is unknown.

Antifungal radish 2S albumin and barley 2S albu-
min-like and Bowman-Birk inhibitors had synergistic
antifungal effect with « -purothionin®. The radish 2S
albumin alone inhibited the growth of a Gram-posi-
tive bacterium Bacillus megaterium, however, the
antibacterial effect of the barley 2S albumin-like and
Bowman-Birk trypsin inhibitors from barley has not
been described®. Moreover, no synergistic antibac-

terial effect of the radish 2S albumin and « -puroth-

ionin was observed®. Barley seeds also contained
antifungal proteins, i.e. chitinase'®!, j-glucanase'?,
thaumatin-like protein®, non specific lipid transfer
protein?, and puroindoline?, but the antibacterial
activity of these proteins alone has not been
observed. However, synergistic antibacterial effect of
a-and p-hordothionins and other antifunal proteins
from barley is not yet examined.

Purified «- and j -purothionins were toxic to cul-
tured mammalian cells®, but the oral administration
of a-and j-purothionins to guinea pigs (103-229
mg/kg body weight) indicated no symptom within
seven days®. This may be because «-and fj -puroth-
ionins are digested by trypsin and chymotrypsin®®.
However, more study on safety of «-and /3 -thionins
from barley and wheat is required. The citric and
malic acid extracts of the barley grains contained
considerable amounts of 12-16 kDa proteins (Photo.
1), which possibly include the trypsin/ « -amylase
inhibitor family”. Since «- and p -thionins of barley
and wheat are digestable by trypsin'®, these thionins
have not been reported to be allergenic for human.
In contrast, the trypsin/ « -amylase inhibitors are
major allergens associate with baker's asthma?%.
The inhibitors are not denatured by pasteurization

because of heat- and acid-stabilities?.
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Summary

Heat-stable antimicrobial peptides, «-and /3 -hordothionins from barley and « -purothionin from wheat, inhibited
the growth of thermoacidophilic spore-forming Alicyclobacillus acidoterrestris at a concentration of 510 x g/ml.
Viable cells of A. acidoterrestris decreased in satsuma mandarin juice and mixed fruit-vegetable juice containing
20 . g/ml of « -purothionin, but the inhibition was relatively weak in 30% dilution of apple juice. «- and /3-Hor-
dothionins were extractable from barley seeds by 0.2 M citric and malic acids. The spoilage of satsuma mandarin

juice by A. acidoterrestris was prevented by 3% addition of the barley extracts in the juice.
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800 g TR Th - 7=, FMIXIZEH W TE v ILFIC
KBREOM ENBED Oz, LELICHIETESRD
GHEMHHEH W TOBX Ty L F R % LA
1Z1E770~800gfEE DRELNHR S h, ZOfEIE, 1
5 BT BEAE % 1T - 72 L RIERBE X T~ L F % L

FEIR FRMERBISICH T IBREATDEVD S I DIREICKIETHE

166 (848) % 171E(91R)

1}%1) jﬁﬂEW@Z) % % “5( ﬁ:) .
- JLF X < JLFX < LF X < JLFX

A FH3% 1124 1272 1195 1402

ST uE 893 1251 930 1309

L 57 573 798 810 1182

MR 31% 1310 1362 1041 1355

PR¥EAT U 995 1120 987 1225

2% £330 624 826 857 1150

bRk et 692 1006 871 1206

b ¥-& 591 821 826 987

5 3T 518 804 833 1179

4 Ftmne 403 5% 718 1015

B 87 367 550 629 953

MR 3% 523 767 745 1166

R 406 740 686 1065

BIELR 375 749 706 1018

(LR HE 300 447 631 912

(LR & 320 448 659 998

)1 EAC19924EXVE2EEN

%50 1992 044 (81F) R 14, B IECaRs
2 R mHETORIEEAEICE-D X R CTl8ke/ 10a4EA
FH A TUTHESRR RE: AV XBRERIE ALK : CDUILEL BEsh(15-15-15)
3 HEMA161E(FR#81E) 1200144 A 13 B I3ME, 6 130 — FIN R =
WA 17TVE(FR%H9E) :20014E9 B 18 AIEAE, 11 H 290 —HFINHETA
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FA4R PNEHICHEIBZSIIDERE (SPADfE)
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- T F161E (81F) %17%(9@)
< VFX < VFIX ft < JLF[X < JLFIX
SEE 43T 42.4 43.7 40.7 37.6
TN 38.7 45.7 38.3 39.8
HENE 37.2 40.7 37.6 39.4
R FE 3% 41.2 45.4 36.7 40.6
R EATE 39.4 43.3 38.5 41.6
2% 55 37.5 39.9 37.5 40.6
b ARAEYE 44.5 48.0 37.3 43.1
(S5 39.6 43.1 38.1 41.2
7%5h 4 H 3% 40.5 43.1 38.1 38.7
B Yadic 38.8 40.4 37.9 39.7
FHENE 36.6 38.5 34.6 40.4
FK 3 3% 39.8 43.4 38.8 40.1
2% gt 36.1 40.0 36.6 41.0
7% 51 38.4 40.6 36.8 40.3
bR AEE 38.4 42.4 37.5 40.5
AR S 35.2 43.2 37.8 39.2
FEHx 41 0UIREOEEBEERSE (mg/100g FW)
- A F161E(81E) E1TIE(9F)
-2 )LFX <2 LFX - )LFX < VT
B RE3fE 24.2 38.6 46.9 63.0
ST 12.2 14.6 20.1 45.5
L S5, 7.9 8.9 22.1 35.1
7% R 17.5 34.0 48.3 56.1
(7€ Yakid 7.9 13.7 30.3 58.3
P £33 1.7 8.0 27.1 40.8
{LRAEHE 26.1 21.3 28.6 41.6
LRk R 14.8 11.4 15.4 47.1
b33 I 12.3 12.3 25.4 34.3
AR YE 6.2 4.6 26.2 33.2
4R 7.4 7.4 12.1 36.2
RIS 8.7 8.6 30.9 46.0
7% Yided 9.0 7.4 22.6 48.1
LR 6.3 13.6 16.1 35.2
{bARAEYE 8.0 8.3 22.7 28.1
bRk & 5.4 5.9 11.1 33.3
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EVBA0929) KD K& o7,

2 HA4aCDES

FBARIZHEA TV OHEGOSPADIE (I /L2 D
IR AT & FO CHIE U 721 5 0~80D $fiti T &
N, BUEAEWVIEEEGLEN) 2787, SPADIHE
16, 171 & &, X I L OBERIIX Ol f Tt FH
BALZWEERMLZ., v LFOMEL L TidE—
Jite FH & T HE ~ L FIX O SPADIE A1 T3.7 (161F) ,
2.4 (171F) EMEIZH - 72,

3 A40CDERPEE

MR OMBERESER G R A 5 RITR T, ijiREs
REEIIHEME GEAX16MEL X OERRIIX8E) 126
W&, 1.7~38.6mg/100g FWFLE TdH - 7248, Tk
. CGEAX17/E & L OB IX9ME) Ik W\ TiZ,
11.1~63.0mg/100g FW & F1FE & O @ Eiaic b -
72, £7-85E, ME iYL FX (FE 54
~26.1mg/100g FW, #kfF : 11.1~48.3mg/100g FW)
FO v FX (FE: 4.6~38.6mg/100g FW, Fk
i : 28.1~63.0mg/100g FW) 2k T, BahX

(H1E © 4.6~13.6mg/100g FW, FkfE @ 11.1~
48.1mg/100g FW) X0 & #HHNX (FfFE 1.7~
38.6mg/100g FW, Fkf : 15.4~63.0mg/100g FW)
IZBWHHRESR G BAEVVHAICH 572, X6
IZEB B 2 LR OEHER 2 < 5513 E
WEOhRESE R GBI E L & B HAIZH - 7.

B AVDEBRRD THBAVFAYT I =&
HEFORIIRT. A VFATTx— MIBEICE
W TIE29.1~62.1mg/100g HEHHE TH - 72013t
L, BEIZB W TIE11.1~16.2mg/100g HEHK T
D ERIZRETERNEWEAIC S 572, F o
X (F1E29.1~51.2mg/100g e, FiE11.1~
18.2mg/100g HEvk) K0 & ANIX (F1E33.2~
62.1mg/100g ¥k, Fk1F16.0~19.3mg/100g it
W) TEHERNAEWEICZS D, FEOEMAXIZ BN
TIEAEBYEX (29.1~46.4mg/100g H#EiHKR) &
D L ALEAEHE X (41.6~51.5mg/100g #Eiik)
TEENE AR B > 72,

MR OFEE (Brix) 287 RIORd. FiE
FHE X Ti34.50~5.10%, FE5h1X134.60~5.77%D
HPIZH D, FEIX THEE S ENEAIZ S 572, F

FEoxk 41IVIRBOIVFFLT7x— MEE (mg/100g #HTR)

i ARG H164F (81F) %;17{45(9145)
- )LFIX < VFK < LXK <z VFX

A 43T 34.6 36.5 11.1 12.2
TG 31.7 36.5 16.4 14.4
R 35.0 33.9 13.2 13.9
7% St 32.1 29.1 12.4 14.4
R FEAENE 29.1 34.3 12.9 17.9
REE 46.4 39.8 16.7 18.2
LR ARHE 51.5 42.3 14.7 14.4
LAY B 41.6 43.4 16.1 16.9

V335) HEE3ME 36.1 35.4 16.0 17.2
BN ik 39.8 36.1 16.9 17.5
R 42.7 36.1 19.3 17.5
R 23 42.3 43.4 16.5 18.5
R EATE 49.3 39.4 16.5 18.3
RELE 50.0 26.9 17.5 16.8
bR AEsE 62.1 49.6 17.9 18.1

lds s 48.2 33.2 19.2 18.4
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F7R LAAVIREOEEE (Brix %)

%5 KRN 171 (91E)
VT K < LF X
L 43E3% 4.83 4.60
s v 4.77 4.50
TEYE 5.00 4.90
¥ 3G 4.73 4.67
iR op 4.67 4.90
fREY B 5.10 4.63
fLRAZ e 5.07 5.03
LR & 5.03 4.53
V532 4H3E3% 5.33 4.83
Y 5.40 5.03
FEYR 5.77 4.93
RIS 5.27 4.67
T ok v 4.97 4,93
IREE B 5.20 4.60
957 %4 5.23 5.03
A= S5 5.20 5.10

72V L FXIZE W TIE4.50~5.10%ThH D , <)L
FIXIZFB W TIZ4.67~5.77% L 2L FIXDIE H A
B Ay MENZ b - 72,

WEBOEK (Y2270 —2, ZLa—2, 7))L
7 b= ZDHEIE) EH8RITINT. FEMAEIA T
BXEBTAZEEVWTIR FShar 720, 3
HOPEDAFHE RIZHEMX (3.09~4.55¢/100g FW)
&0 HFRNIX (4.22~5.74g/100g FW) TE<L, <

67

LLFIX (3.09~5.74g/100g FW) K0 &~ )L F[X
(3.98~5.37g/100g FW) TEAXANZENMEANIZH D |
PEEE (Brix) &6 CAEANZ & - 7z,

WEOT7 ZaLe v BERES IRITINT. FE
DT 2 AN Ve RIS AR TR 2 E 0
B oo l=n, FEIX (26.0~33.0mg/100g
FW) 758X (24.5~30.5mg/100g FW) &0 & &
WEIE2RED 67z,

A4 3O, EHOEEREREBI0RITIR
T, BE, MMEL ICEROERERIREDO T
KD EENMEAIZD 572, TEVILFROEGENS
<, HHXOERNE» > 7. F-HEiE 23RN
120N, EREREEE 7.

V% %=

1 443 04EF

FA4 AV BT, A FREEETY 2 LIS
K0, AL e EHREHE AL U72z43 - K
HEHENIE T & LR & RS DAL 755 % #
FiCc& 2 Z L AT TG L72sy, RlBRDE16,
17EIZB T, YL FXOBHEIZEYILFXE |
m 5 i %R L, REEAROREE TOYILFOF
FME M fifERE < 7z,

E8FR A1 AUIRIOIEMEK (9/100g FW)

H171E(91F)
B HEAENZ B LFX < VFE
v agu—R TN=—2R TNIh—A Tagn—RA T —R THTh R

HA S &1 1.94 1.02 1.03 1.52 0.76 0.81
EE (ot 2.07 1.08 1.10 1.71 0.90 091
AR 1.97 1.05 1.04 1.92 1.05 1.02
RHESRE 1.91 1.09 1.01 1.64 0.89 0.87
PRI 1.95 1.00 1.03 2.05 1.07 1.09
R 3 2.16 1.25 1.14 2.10 117 1.11
{LRRAEHE 1.94 1.17 1.03 2.00 1.07 1.06
R & 1.93 1.08 1.02 2.15 1.15 114

B A33ME 248 1.42 1.32 2.13 1.17 1.13
BE 73 2.50 1.42 1.32 2.74 1.54 1.45
B S 2.39 1.37 1.26 2.29 1.25 1.21
3G 2.58 1.42 1.37 2.02 1.13 1.07
(7% 123 2.54 1.48 1.34 2.34 1.21 1.24
Pe £ 2.29 1.46 1.21 2.15 1.28 1.14
{LRAZ e 2.32 1.37 1.23 2.13 1.34 1.13
{LRkEE 2.36 1.37 1.25 2.42 1.41 1.28
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2 EGLERERZREZEOEMR
K42V DOEGSPADIEIZ X 4 T VIEHOSRES
w (WY %) SMHB (BfE D r=0.57878, FK1E :
0.55693) MR o5h7z (BH1K).
%mm;hi,*@iﬁéw%ﬁukbﬁmﬁ
20, BB CIIERFEOBMIcL LY INE L
L, :7‘7%@%@%$1§H%mb“(mé.

Ir=

I P EI DY [ SR 7E £ v 2 — Bl Zees

#15 (2002)

3 BERURECIRBOBERERZTSEDMER
BRIZL K OB ETIT RIS 23 TR E e,
27 I VBRISRTTRE S TECO TR S R
% . WHEEICIETE K D & L OB AEDRNIZIK
N NAUTAKETTONEIE & U CRIICHER T 5. B
KON, ABAEEL 2548, 73 7 Bes v
INIBO LI IZAKROERFE L5800 0,

50
FEIXR SO UIRMOTXINECEEE (g/100g FW) 48 .
46
g 4 |—-—gs — e e -]
T #16/E (81F) g . o3
LT[R VTR % 40 L J *
\ + & P 161
A £ 28.0 26.0 € 38 7 ..‘
PR 24.5 27.5 ﬁ( :i L y=2.6623x+32176 |
L S 29.0 25.0 32 =0.57878 p<0.05 |
R3S 26.0 26.0 30 . ; ] . . o
fREgIE 27.0 24.5 A EREREERW
2% £ 55 27.0 28.5
b ERAZ HE 26.0 30.5 50
ek 275 25.0 . —
B A3 30.0 29.0 % L e
YA 29.0 26.0 £ :2 O .
L T 30.5 26.5 a s 7,vim i
RIS 29.0 21.5 * s * .’ * - 17T¥E -
2% £35 31.0 26.5 30
(A5 73 33.0 31.5 0 2 4 6 8 10
fepk & 30.0 31.0 A FERERESERW
FBIX 40 DERELMALEBNDERESE
(EZM % DEIR)
F10R 410 DLERESE EWK%)
71 (948)
B35 HEABNZ B2 VFK < VFR
S —A Thm—2R TITR—A PEYA=E TRha—=R TR —Z
WA FE3MG 1.94 1.02 1.03 152 0.76 081
EE (ot 2.07 1.08 1.10 1.71 0.90 091
AR 1.97 1.05 1.04 1.92 1.05 1.02
BHE3E 1.91 1.09 1.01 1.64 0.89 087
7€ 38 1.95 1.00 1.03 2.05 1.07 1.09
RELE 2.16 125 1.14 2.10 117 1.11
et 1.94 117 1.03 2.00 1.07 1.06
A& 1.93 1.08 1.02 2.15 115 1.14
Vi 3 2.48 1.42 1.32 2.13 1.17 113
i st 2.50 1.42 132 2.74 154 1.45
LR 2.39 1.37 1.26 2.29 1.25 121
7€ S 1Ed 2.58 1.42 1.37 2.02 113 1.07
7% 1:3: 2.54 1.48 1.34 2.34 1.21 1.24
TR e B 2.29 1.46 1.21 2.15 1.28 1.14
fb.ptE 2.32 1.37 1.23 2.13 1.34 113
{LRkEE 2.36 1.37 1.25 2.42 1.41 1.28




B S | AREYEHERIC BT 344 3V ORE

e O —i A & HEO @R = v v LAY
WERT S Z EAERIA T B0, BRI
FEIZOWTI, HEOEREE L EE BRI
ENTVBED, RKIFEIZEWTHEEICB LTI T
DKEVEMIRRESZ SR L &4 3 VIREBOaSkRESS
FERLE ORI E B (r=0.79746) »3:8
W HENTA, FAEIC O TEIEMEIC AN THBIRE
MK - 72 (r=0.57364 28 2 X, #114K). ZDOPEH
DU E D FFE T HIBEO KB RESE R &= A
K< T, &4 a3/ RPOMREEREEPKEL
BRI L S RIEL =2 8 12H B H, AikBi
DIAET T Z D &S BfdIHA L 720 H» 3T
e, BPSEREHO MRS IR b O LRI I 1 BRI A
O EE I KU 10mg /2 1.100g & S h
T3, BUERIIINFEROFER 20T, FHEEHM S
FOEEMNMETH B EELOND D, ThieHEIC
ANTE ZDOFRERIX Sk 23R 1B L Tl e~
LTOREBRTH 72 WA 5. KikBR T2, AHEY
FERIZ &0, AL EIRHEH K 0 & 1EYOEE & 22
WAHT 2 L0578 AEfIEED 5 g, ARikbi

FAa BRI ER SR

FAa BB ER TR

(mg/ 100g FW)

(mg/100g FW)

70
60
50
40
30
20

70
60
50
40
30
20
10

69
- y=5.52M4x+8.6739 ——
1=0.79746 p<0.05 B
-
*
L 4
L & * I
’gﬁ_, 16 |
L® " N .
0 1 2 3 4 5 6 7
TR ERMERE B HE Z F(mg/100 soil)
L d
¢ 3 Y y=11.754x+28 422
, =0.57364 p<0.05 |
» N *
rX 3 _ R
. , TR
0 1 2 3 4 5 6 7
7 LY BRHE 22 3R (me/100 soil)

2 S 22 DIREPDIBERABER & HIED

KA MEELREEIR DORAR

F11Rk RIEHHLIEOKBMEHEESE (mg/100g soil)

—_ I F161F (81F) FBLTEOME)
-2 )LF X < LFX < LFX < JLFX
HA 43T 1.89 6.81 0.87 2.39
L Y 0.43 0.41 0.55 0.96
e S 0.28 0.20 0.36 0.12
PR 3% 0.85 1.70 0.53 2.06
PR #ATE 0.33 0.31 0.21 0.23
7% £33 0.30 0.24 0.19 0.16
{L R ARHE 1.37 0.78 0.13 0.44
(AR5 0.88 0.40 1.07 2.40
b5 53] HJ/IAE 0.27 0.34 0.24 0.11
4 HpTHE 0.22 0.20 0.11 0.08
SHEVE 0.18 0.16 0.08 0.08
R FE 3 0.53 0.27 0.17 0.72
R EATTE 0.21 0.22 0.09 0.36
FRE R 0.16 0.18 0.07 0.11
95774 0.15 0.37 0.06 0.07
LRk F8 0.27 0.18 0.04 0.11
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DOFPIZ I TE, AEYITERIZ2 S L & E O fhe &4 2y OFREDOBRT, HIEORRA A ¥

MROEME DL T TREBELBNEHEREIN DER T BRI O EE © SHBETT 2 B E» b

7. LEZ6NS.
BPREDHIRIRIE & T DR AR DV T
THEVESNE L, T B0 CIE ORI M ooh -
IRTVAVD, ARICETIENEHTOLA 2 Te 5 . 16fF
Vi, ENEEY SISO IR L CEIE kR o gt |
T, SHETOSEN - BRI TR0 L NEw . Gy
NILTH o7z, gg jz |
~ 0
4 EHMINEE £ ERE S ORIR ool m o ® w0 o @ D
P 4 A T TSRO RANE AT I TR (42 (0o
5T 5, A4 A VDERKNIA YV F AT T 70
- MEEXRTHBD, ZTh5 RO b L Fr %gz_ T e
ICETRECHR (Fray oL —b) BIuvF—¥ 1E w0 a a
DAEFIZ &> THIRE TR B & ERT LB, N e -
Freeman 53 B5 8ROl A A+ v IR % 6ERE 124 *“S\E’ 20# o — -
ZCHA TV AP L, BEOA Y F 47 % Q IZ —

— MEHEOBIREB N, TOMR, A A VRS
BIE 212/, A VFA LT 3 — MEDSENE

0 10 20 2 40 50 60 70
TS VERER A2 (me/100g soil)

X BEBRZLARMEL TS, ¥4 aViEHIzEsh FIX AADALIREWOAIVF AT Z—bEEL

5703y L— ML, ZOHFFHITA F I FEFH HROKBIETRS - ORRF

MH 0, B TEOKN20%E DB, 2070, K

YE ORI TOZR IR D A A o G &%

WZBEHL L, BEirh OIEA L XILD LR A Y » 7°0

FAYT A - P ERICPEES X B LA B ggzbe% . 166 —

RTW5, KRBRIZ W T O KA A + 41& © %—_
VEAVFALT A L EREOMIZGHIMESE  REw| ey v
(F1F © r=0.14664, FKE : r=-0.1931) '7A® 6N @Em T 0147450430

Mot GEIM), AVFAYTI— baRkEs S I

A avoEEEORIZEOMEBE (FE  r=-0.5893, 300 500 700 90 1100 1300 1500

BAE © r=0.4310) ARB SR (F4X), BEEH F1= BEE

BN VFEGRBEL Kot 72, FEICE "

WA BPERIX &0 & LBIEEbE X O & 4 2 -l 17
YDA Y FAYT H— N ERAEERARD 5h TR

ro. SRR buCi Bgehoks K50 Fasio poos |

VERRE £ ot > YR 4112~ 63mg/100g soll £ F5V 20 R .

Tlnh LR E h LN L N i
FLRYVLFRIEIAVF A TER - ERE N 0300 500 7(;0 9(;0 11)00 13;) 1500

BmEgs v 2R #HEon s 5. Shl, K F A AR E ()

VILFRIGIZEK DA VFA T — P EEOBERKIC
DN TIIIARE S HEDRD BN o 7208, #ksE

B4 FAALIRFOAVFAITR— b EEBE
A4 3 NIRE & DR



S AEYERBERIC B T34 4 2 DORE 71

AVFFT 72— bERIFMEEMMEETRE L
EOWRHD, FBETE 2, MFL0EL4 3y
DOEBREIEWERZER S D, THRRAD T &
EO EE ORI, GEMEVE LTS, KR
BiZknwaid, BMER TRk D FBET B
32" ThHH, ‘BiEd B OMWHRRAL EEK
BEHERKDRTH S, [HCRMED %50 T & R
e RICWMERRIZES & B Z L IZRROER A 5 HER

ENBH, FEEREIIRY 72569, SHROBETHR
MTHhbH., —hH, BEEMEDAL Vv F AT =T

EROZEITE, ERICHES BRIEER (i ik
) DEVEEEERITTEELZOND N, 2D A
HAZZXLIZDNWTEBEDOE Z A+ sididk
W, RiZiiR7Z2 K512, EECOVWTEIA VY F AT
74— P ERIBNEROREINENEER LS
A D0, EE D B OIIERHRE DRI A v
FALT A FPEEVPELSBDRTVOTIE AN,
EEZONDG. EEEREIINMNELGE ENSDT,
ARPIERX T, AF-FHOMMR 2 SR O MK
AR 2258, TOMRE L TERIEN, [
VFATT A=V ERNEE DS D S,

A DAIFATT x— MIIPH MERE
Wo 2HEER RV IR TETH D, R &
LT LNTEY, BUED & Z AHEH DR
LT THW] = TEaRE] Tadh, HERD

6.0

y=-0.2488x+5.5120
55 [— =-0.5681 p<005 -

L 4
\t .’
5.0 ® o Py AT Y

[y v
5 o % S
.‘-‘ ‘ .
o) (4
45 ¢
4.0
0 1 2 3 4
FAT R ERE B®)
6.0
'S
y=-0.0141x+5.4317
55 =-0.6680 p<005 |
& o ¢
~ N ... 'Y
2 50 + <
Z ¢ IS o ®
0 'S
45 — i
40 : ‘
0 10 20 30 40 50 60 70

ZA 2 AR RHBRTE K 5 B(me/ 100g FW)

Brix®)

MHRRA D DX D EEAD RS TRE
HDBEIIIEHSTETCNEBY, A VFFH LT F—
P OBV A EH L 22 5E, EREELS —EHBN
I2S 27 5 AMEIZ UL ERTE 5o 7% RIET
ZDTIFEL, WIHARDGRADPENESE bR
2HEMADRMETE, 1V FA VT 1— b ER
BENZ & TR T 2R & 2D Tid a5
5 7.

5 HHEMEHECESENER

EIPIT SEFHENERR E A 3kg/ak 9 5 5 TIEK
HEDEE & HERD R B D AR E AR &2 LA A HH T
FEOPFEARIEL, XY, LA X, ¥4 aV%
OIEREHTIIINFERN O 2BRE (%) L4
W (E®E%) OMICAOHB?H % Z L2 Tn
5. ZOME»S, KREFRIC LD 5 GREIEE O
HANKEVE, YOI MK T L, RNEERR
JE AN & A, IFEMIOBESE 23 L LR T &
Mg ENh5, SHOEHARBRIZENTEL A T VR
HOPEE LR OMREFERRICF 4 a v OLEERE
HOMB (r=-0.5681) »@H SNz, EHICREL
KOs 4 a v REBomBEERERE L ADOHM
(#% % 1=-0.7413, r=-0.6680) @B LI (FFE5MX),
BROEBEINEWNEEGEIED 5 72,
GHEVERICE S 44 3 ORERORNE VS

6.0
TS
i y=-0.010x+5.8885 |
55 TR =-0.7413 p<005
W”)*
'y
5.0 e * ':‘
*et o Y
*
4.5 - *
4.0 : ; -
600 800 1000 1200 1400 1600
A2 ARE R

5N S OVIREOEEE XM IVIRBOEZSE
(#M%), 1 ADRESLUF 1A DIR
IMOEHMERRZESE & DR
GER171E, %9 1)
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7ZIEDORhRIT, SRIORERIC B\ TIIERD b s
o7z, INETIC AR KD RO S A
AESZFOREDNMA I NS, BERDOEZ
SRR, BROBENLRBUZ K S & D L s

XNhD, AR SN BETIRE N & A
BWET 2 RO D B0, AREBROKEFIEZ
eIt Lianr o7,

ERRAE L PWHEDOREE BOBRIZOWTIZRS
AW EINTOBN, YAa—Z, TLY F—Z,
Va2 a— 2T TER L 2HHIED 0, AR
SMIRY LY VY a9V FITEWTERNES
&2 &8 3 L3O MORKEIA LR T 3
ZELAERL, Yaru—RLrNa—zTldsEE
xS BRI R 57280, FEOFERNY 2270
— 2 THAEME LT — 2 EDETETH B1F
Ycid, ERMHE SRR ORGSR L 50
BEMER D B L RT D, SHEIDE A 3 UIZENT
(3 EEF N R & BERR O BN IR 522 R0 6
Nikh ot F-ARYTEHOE RS Z IS R
HERBEOENSFHRIZ RTTHEL NS &
B (3B AFMEOMIKRE L IcZThThoa R
LI L Tz,

6 HHMEAETZAINECHEEOER
MozaFAR?IZEERNELE 7 2L B UV RIZBI 5
XHO LV ¥ 2 — &7, ER, ZfkaL, (KTF03
DOMEFNZ AL 2RIZER L, 2 TOHAIIDH T
SRV, BREHEOMIMICE KW T 22
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Quality of Japanese Radish(Raphanus sativus L.) under the
Compost Successive Appication

Yasufumi UrasaimMa*, Yuko Suca, Ayako FUKUNAGA,
Jun-ichi IkEpa and Kaneaki Hort

Summary

The effect of organic matter application (organic farming) on the quality of radish was examined. The organic
matter used was cattle feces compost and hog feces compost. Radish was cultivated in the experimental field,
which had been continuously applied organic matter or chemical fertilizer for eight years.

After the harvest, root size, leaf color of radish and the contents of nitrate, isothiocyanate, sugars and ascorbic
acid as indices of interior quality were measured.

1. The growth and leaf color of radish were superior in the continuously compost applied plots with greater rate of
application. The growth and leaf color value of radish of the mulching plot were greater than those of the plot with-
out mulching, under identical application rate .

2. The organic fertilization showed no significant effect on the quality of radish than that of the chemical fertilizer
application. There was the significant relation with the amount of applied fertilizer between the quality and growth
of radish.

Department of Vegetable Science
* National Institute of Vegetable and Tea Science, Department of Leaf and Root Vegetables
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D-2 5.9 0.07 12 122 18 2 15.8 35 6.7 1.6
" E1 6.8 0.3 21 27 39 4 126 %6 6.8 1.9
E-2 6.8 0.10 9 211 31 2 11.9 78 6.8 3.4
E-3 7.3 0.05 8 144 27 1 13.0 51 5.4 3.4
W E#EME 6-6.5 0.3-0.8 15-50 250-320 50-75 15 80 3.5-5.6 1.1-2.9

E) BEY-BALLEIRICHET S

50, RHEMIZBICH T2 ERIEMELLEATEK
W, R RNy LI D W TIEN/ 1085 B v A M
B DFEHENE IS 2003, BFIREREDORN D & 5
&9 fliv kD K BBEIZ A2 572, Lo LA
MBEEROMEA» SRS &, W& OHRZIRED T
BEDDLFAEN B Sz,

7z, HFKIF250mg/kgl) L CilaRIpREE &2 5
OREMED b 5973, ZOMEAE A % &R 2T
B 5,

il A 4 >~ 13250mg/kgl) | Tl E 452 %
AR B B0h, ZOMEEA 5 HEMELTIE
MY, Tt TTII4EE TR Sz, F 7206
A Y IKBEUEA A VDS bRkEBVEIA%E
o7z (BB 5K).

4) KBV & % O - ARIREIC 0 2 ElG

KEMEA Y, Ak, ¥, VB, FPUT LG
NEDOESRM SN, FRCH VI, KEHETE
ZIAVEIZB T 22 W RIS T A B A E E N T
WARIBER L oz, KEWY) YIRITEFIZEAL
B X g, 2mg/100gl) iR & 3 [#H A
botlz. FBE6K).

AREVER Y 232 DAL, ARNRERAT 2 8 5 H

A, FRPUTATELS, XRATHY THEr -7,

AREFHE MK > TRED |, 200 L4 5
DG E B %DREIGE N d 72, ) VIFEDNEIZ S
B 5HE N ORI LTRSS , 35 T1%
K TdH 722, 1ES 1%L, 15 T3I%L
FEED TV B6E).

5) MEREREZEI L WiGREER

R RE B RO B FEARRKG P I I 5 3 EHiPH 13 10-
20mg/100gF/E TH 2 DT, 3 BIBOAE L Tl
Thotz. 7TV EZTRREBROZIAMERE IZDOWT
¥§30130.5-1.25mg/100g A 1E & LT\ 5 A, 2 [H
W O1EL T5mg/100gPl i 5, Zh 6 DOl
TR TELTE2meg/100gll LD 5z, 72,
MAEREREEE R D A A PR O RN OB W FEHE T
H %0.1mg/100gLl LD ZERH 2 MG OEL KT 1
SO NELE TR 6z (BT7H).

M- D nHERE AR O FEUEE 1T 20\ Ay A A [l
BoH 5, 2 M5 T30mg/100gd DB MEA R
57,

4 ZFIETTERL TV 2HEORMK > ENRE
AE R R A R 2O ER & £ &6 22D
ZEAUE, ORI B U 7 HEN O HE S S
flie LT, KFE70% LT, C/NIF30LL T, 45K,
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E5H¥&X FEDP,O,, MnO, T-C, T-N, E£E#E, Cl, SO, * (F+H7:V)

Fl%  PLOs  MnO T-C T-N Cd Cu In Ni Cl S0.

B (mg/100g) (%) (mg/ kg)
A-1 695 0.38 8.8 0.83 0.3 0.5 0.3 0.1 203 294
A-2 407 0.31 4.7 0.43 0.4 0.5 4.6 0.1 120 354
CB-1 206 0.22 4.2 0.3 0.4 1.6 45 3.1 49 130
B-2 154 0.35 3.1 0.29 0.3 3.2 7.3 3.3 103 335
Cc1 101 0.33 3.1 0.3 0.3 1.8 80 3.9 419 1407
C-2 38 0.42 2.2 0.20 0.4 3.1 2.6 2.1 152 357
T Dl 114 013 5.1 0.4 0.4 0.7 145 0.7 262 366
D-2 24 0.25 3.1 0.22 0.3 3.5 2.4 2.1 27 43
CE-1 43 021 21 0.21 0.3 3.8 4.6 1.0 32 107
E-2 26 0.18 2.0 0.17 0.2 4.5 3.0 1.5 25 36
E-3 19 0.23 2.4 0.21 0.3 4.5 1.9 0.9 24 26
FEHEME-1%* 40-80 0.2-4 0.8-2 4-40
FEHE[E 2% ** 125>% 250>%  250>*

* MnOiEzcHtE, ESE ¢ Cd, Cu, Zn, Nitd N/10 HCIWT# M, Cl, SO AR,
LA - LIRS & LT OB WAL,

B LU -2 E DRI D b B UM,

E) F-RBALILEIRICHET D

BOR KBMRNEZOTHRME - BERHBICED ZEIE

I8 BB ST (mg/%21:100g) AR - ARNRERL I B (%)
W | KO Ca0  Mg0 PO Nad | KO  Ca0 Mg0  P.0s  Nad
A-1 [80.9 42.7 23.8 12,84 114 | 20.7 6.1 1.7 1.8  47.1
A-2 [69.7 285 119 240 10.8 | 28.0 52 9.3 059  74.9
B-1 [35.4 157 6.0 619 6.3 | 25.1 53 7.0 3.01 §7.8
B-2 [37.3 25.4 111  2.85 10.0 | 3.9 9.8 13.8 1.85  89.9
C-1 [10.9 95.6 31.2  0.45 114 | 23.3 20.8 29.6 0.45 53.1
C-2 | 47 343 104  0.03 81 | 1.4 1.8 149 0.09 77.0
D-1 316 45.2 16.3  0.23 114 | 43.2 10.1 17.8 0.20 53.2
D-2 | L9 94 07 003 20 | 163 7.7 3.6 0.12 116.6
E-1 | 43 328 6.4  0.06 4.5 | 206 123 16.2 0.14 101.0
E-2 | 1.6 125 14 006 19 | 175 59 45 0.23 124.6
E-3 | 15 93 1.0 010 15| 194 64 3.8 0053 127.8

E) BRI R 2



YD AP A O 1O IRE

BV VI, 2h ) s EORHRSIZ1% M EE xh
TV, AFEMBICLDE, FAEL 268 TXRT
NI A 2 ) T — LT (BESH).

Vv =

1 HEEHEEE

RFAEHIRD & 5 5 Lhka LS A TOFELE,
A o RS OFEE O LRI T LR ko
Ro—o2eEL M52, FR/ME - ZHmHED
PSRRI IS Y 72 5 T, IARAFHE & 3R A D |
—HETIR AL 2O A TIEEHE A BE T H
5ZLERLTNWS,

ST DA EE T REME S IIZ & B &, AR A
DOKHFfEME U CHHET 2541260 TE, 1F
LA DB TIHHEDORNE LN, 5T\ 5,
LU, fERBIC I 2 REBOR O K T3 AR &SR
BRCUID b - R0 £ kA&7 5 A, Il Y% 35
810 LA Tk, FRPHAREO KREERHER £ B Ok
MRS, AREFIHEC/E S W23 IR Bk %
KEFNHD E 0D, Wbwd [ZELUK] BRETS
ZENRZW, ZoHZIE, BELEOERKICILAE ST
WABIBATRERNZAE U T B aTREME A E . AR

abso

83

RBEGIZ BT, [2UAK] ARELTWBEA, A
B TR IZ B W TR 2 fultEn s 5.
ZOMEL U TIHRERPHRENHRTH 508, Kl
HHEIHO H THEEDE T T2 013 1 HED A
THhotz, 2FELAHEBETIZIZO [ZELK] OFE
EFoTORWOT, WHEEORMEICED 5.
NYZDE =L %S UTRERNIZE S THEESO H0
R TIE, 2L OBEMTIEXFILTa~v 4 FR
sal s ) kB EEEESTDh TS, K
A S AR A D I LT BD T,
D& BHEAOMHHIZE BAARD SNV, A
HEIBIZ B W TIE, B0 & W B EREE I ok 72
RS T, PR CTIE104E HuE A & ik
PR 23R4 Ll 26123 2. ARFAER Y & 1046 H
IZAASELTWBZ Ens, HIEMAEMISER T
ZHEfERFEO PHIRALE TN S, AL VD
HIPBR D v T AR 4 [k - BRI L, LEERE 7
O F A lndfd % 20108 A T X BHNE, dwiE, W
Midm it  OKBSEUH 380 R B OV F e )
M ZIZfReoh T 5.

KFED > b TR ELONED S B, SafEh 2 [
WCEAINTWAICHE > T, afEick
R & R CEIR L &5 &3 5iAiE, Hi<id

.
—

F71R BREERCAREER (Nmg/&£+100g)
b 5 OE A 5 B %
B | NH-N  NO:-N NO=-N et NH.-N NO:-N  NO--N &%&f | "J4aREN
A-1 1.3 28.1 0.8 30.2 0.3 75.7 ND*  76.0| 45.8
A-2 1.1 17.5 0.1 18.7 0.5 47.6- ND 48.1 | 29.4
Bl | L0 5.7 0.2 69 | 0.3 194 N 19.7| 12.8
B-2 0.9 12.2 ND* 13.1 0.5 30.4 ND 30.9 | 17.8
CC-l | 6.0 24 N 324 | 04 626 N 63.0| 306
C-2 | 2.4 8.0 ND 10.4 0.2 18.1 ND  18.3| 7.9
D-l | 52 224 N 276 | 0.2 404 0.4 40| 134
D-2 2.4 1.6 ND 4.0 0.4 7.1 0.2 7.7 3.7
CBE-l | 07 133 ND 140 | 0.6 2.0  ND 28.6| 146
E-2 0.6 3.4 ND 4.0 0.4 10.8 ND 11.2 7.2
E-3 0.8 1.8 ND 2.6 0.3 7.8 ND 8.1 0.9
* ND=0.076>

F) BES-BAIIEIRIET S
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FEeFk EIUHETTEHEAL TVWSHAE (%)

K4 T-N T-POs T-KO T-C C/N
FEHEHEAL  39.0 3.4 3.7 1.8 37.1  10.8
REEEE  12.3 6.0 7.3 4.8 26.5 4.4
HeRELyy-* 67.5 2.5 2.2 6.0 33.4  13.6
WEREE¥E 20.0 2.8 8.2 3.9 28.8  10.4
MR 67.7 1.6 1.1 3.0 41.2  25.1
FAvHERE  35.9 3.8 6.0 2.1 43.5  11.3
*EINET ORI >~ 7 — TR L T A EHER

3 —u 9O =HNRESAA S L, RAETIZILHE
I I TABRAY MR Y A (R 20 3 S S e Ty
5. LaL, ey LT FRICMES O
FAERE T 2 [ E] OWFRGNIIET 12D 0,
RO BN HHHIR A > T3 HRLEH D,
BREGIC & REAPEE I LBl o 138 Rk
HETH S, fWfEid, M- ZREHZDILTO
ZHLEHIRKICZE CART Wi THEZ 05,
SHBFEMICEMN T 6 hz, B E L U225
fERROEI N EEN S,

2 IERAEEOEHEREICSH T I5EH
AAGRESE RIS BRI, WANERRESE £ 10.1mg
/100gl bR X - [@35 1 1 riid 580D, 7
VESTHRERIFLEAERDOLNT, FLALET
NCHIHREEROIETH 72 BT, —H,
LRSS CIX 7 v B TRRER PRI S, 20
ZeMG, WY AAKSYEME (30C) FHFDOANTR
AN TORFEEM T LIIZIZIER 2 frbh T
W LR X B h, BT, KR L
KO MW b IR EhTnB LR h 5. £
7z, WEFEEIRE 23100% L ETHBDT, 7V E=
LA K YIRS A A v & LT RIS R
DRBENPDELBSTHED, BRETDEVARIC
37 VDT N AEFEORESBREINS.
AR SR & LA PITEST L A WIBAICE
T35 CThsb. RFERBGICHENTE, Blto
1IN T0.1mg/100g LA S h 254 L,
AGEERO =D OREEZICBRT SN2 54 L1 H
S77. BN ZRKBZ BT 3 I DEEN X
ZOWTIEHLS oM TEH D, Bk

{1}

MEINTWBEY, ZThoDBREICBET2HEIZON
TIESHOFEE L2,

nifgREsEFIE, AKHTIE20mg/100gl ETidn s
DEFhBAEVE X TWE, KFEERZD S 5
2[5 D AE 1 T30mg/100g L LD @l 2 K & h
7z. 205 BT TR LT 4 30mg/100gi2k
WlETH 72, ZOMEIE, T F kL ORI
TUE, ARG AR o 1 B o R S R R =T
15mg/100gf2fE TH 5 DT, 2~3MEIX MR CTRES
AIREAR RICHY 35, WigEEROLEMIL, =
KON S x—fGe LTI E LW, FadoT
VEZTRMMBOMEIHEE 55 L, BEEAE
ERIET BT R < £ 0 ECRE MK
T2 fakttEnd 3. 1HH S X LFAR X T
GBS R VRIS T 2010 L, FSA
HENEH X TG RESE R AR RIN S % 2385
KDY ENIACFA AR R XA KiE e 5 72 2 & %
HLTWE, Z0KHIT, WHERESEROERIE BN
ICEWZ L@ Lk,

KB VR, ARIREY VRSN R OO FE
FNZE6IE, MEZYaTh s, LrLAHFEAETIE,
21835 C1E 1 Ti26~13mg/100g, FrE1T¥2mg
/100gll ERe &, BARhREY v #43150mg/100g
PRz 2 &KEMY VR 2mg/100g ) _ER Y &
N3K95Ths FE6K). V VBRI EEANONE
TR 7212 B TR EANOBERE D 250
TRETEKEEO DRI EhzEnws 2L
J, BARDPIEFEIZZNWILERLTNWS, /2,
ZOFEIE, V VEBEROBWERR, RIEAE &
Hzoh43E, RUBBEEDIE» LEROS &
BRIz H % g s 5. ThoDRFIZHIT 5K
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B VIBOELHOERIIBEHTEHAVETH
0, —HOEA F v ERREATEDIE A L T
ZUHEMEN B 5. 2 UTKREMWY) VikiE, VB
FOBZWHEHHO—DIZED S 3L Ebhd. 2720
ZDORIZDOWTORRMZEHT, BRCHEf ST
LB 0150KMEE CIXEETSH D, HIERE
IZDWTITH T ENMBETH B0 T, WREMED G
FilcHElD 5.

AR 7 ) 133 TR A A T B 08,
ZOBRRIBESLFEO L BEMEHISKER T2 & & 4
ENB. ZhSDEBTIE, BEIBESFELD
Bk & ETIE» UNER 24, SR 0
AMUOERST &0 &, KRR & 4 Zulkao
AORHETHZENEE L, FEEOEMZ K
0 ZHYEH ) PMEAERIX LD 2 EFLRT VW &
FIHG RO TE D, E2ZHIBS9E L F T
ZDOMEAN—fERE S & LT3,

BRRE Y v ROBTER L BES T EO L REH
SERTEELONS. 2oz lHS»E R
BTN, G 59 [k il 2 580 T3 2,
RIS ) DA L Rs 5T, SILFOFEDEN
ol LTWS, 2O, ) VEES T
W N T VKA THEDITH L, H ) ITIRE X
NS VWEGTHBZLIZHBEDTHAD. ZD
ZERBARMDE 6 EXKN1S LG TE S,

AR, ERIGEBRITH S L <, A
AR T & KR % [k & 3 2 IR EEM O
BB LN TWAZE»S, XN TS, Zh
5DMRMIECE S 3 HADFEHLEDTH S L,
pHE KL 2D T, Y5 DORAIKEEMOEA %
EZBERETHAS.

F 7= HAED KA 12D T D BN EE LD 1% 55 7]
FAIRIEIC K > TIrY ZER& Y TH B2, Z
DHETEBWTERIZZED S VD TT — X IZHIE
L7.

ZARPET ) o AN EIL e <, RER T
) ORZIZZ DG S & s 2103 % 5 Z
ES [HRICE] EMTh© 52, —F, B»6
DD BEFE N AT 720, LI A K &)
B L CHIR G 28384 2 OB » 5. AH
A TIRECIINT 2% 5RO\ 2, HERHOE

HI3Z A ) OBWHIUEE & [FFRE O &' % LY &

HBHDT (FHAEK), BIELILLOEFERIITFE L &
WV, ZOF MY T AOFERIZFITEET 5 SIS
Kd2EBbhsd. HMEF bY L5 EKE
HF by LOEEEAB L, TS )T LD
HEA15mg/100gl Bz 3 L AKEME T b Y Ak
HEORMLUELS 55, HARIIRLIZEDIZ, &
Eaa A PRTFANOSIRBFERED K E WAk, ¥
DA THIFE AIEITI00%IZFE L TWBHDT,
PEF PV T LD B, KEWETEWE ZERAMED
BEUTHHLTh AR H 5. T ) o aA
dUNBNT EIE, FEEFELRE S 35 H
B HEORO—D2TH 55 . FHHEAHHIX T
DF b Y LAOERIZONTURITILE S ™ & [FkE
feifi) LA AR X & D iR CRED T B,

FrYTLLEBITHRENLZOEESED OIS
2, TR PICHIEN GRS LT A o= RE40
HWIR A HEALER & L CHOWTWA Z & IZERT 5 &
Bbhsd., FrYwa4FyEiERAA Y EOMIC
Y BEOMHMEIIIERA A YOI BRENLEDD,
MIEIRARARED 5 (r=0.776) , HK & L CH-#HE
DG B E NS, ThEDETDERD
%2 & LHHBEL, 43 A FR AR TR & 9

GADOHBRETEOR#MEELI OIS (B 1
).

KBV A A+ v OAFHE & KRB A+ v DA
fill & OFIZIE, SOHEBIBER (r=0.913) 255880 5
NBN, ZOMIMEIIIEA A DO FMEL, BiA A
VERBAFVEDRIZT I3 TH -2 (B 2X).
BlOFHE T, F&%i/&@ﬁﬁ&%i/@‘ﬁ
BB 570T, HEEDEE W R0A, B4

04
O @] d
O
O
= 03
&
< @)
o
£
= 02 &
®
& O
0.0+ . . . . . .
0.0 0.2 0.4 06 08 1.0 12 14

KB4 Cl(me/100g)
F1X KBMNaf + > EKBMECIH F > & DR
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12 A pvE
10 n O 7=
] IR vy
g 8
T ] O
£ :
; 4' | A @)
2 0- iAA
~ ) TR A
| [& )O OL) [
JB | @

0.0 0.2 0.4 0.6 0.8 1.0 12 14
EC (mS/ cm)

F2E ECEKBMGA A LEHLY
HKAMRE 1 + 5 & DR

YORREGE, T ORIEEEA 4 v K UH N
BDEDTWBEZENEZLNS. BHE®IZXS L,
LR 2 32 e AR o3 & L 7zikBRic 3¢, i
BIRR DIRIRA v R OHEIRFEA F+ v OKRIEERE A
T UICHDIBNBEIRELBNEDILTH DN,
ARHAEIZ B 5 LELOARNE 75 DIREEEE A A+ v RO
flRICK580ThE, BALYohTERS
DOAFHENEHTE NI &Il S, RIZZES =L
FTHEZ ORI E UTiE, AR R &
NBBRITHO & B IR ER 7 2 e O 1R O 255254
WEAND, L¥BE, ZOZ LA THEOR
MO—DLRAELS 3. ZOWBL, BEREICKT
S t% 0 LB & fRBEVER 7y D AT, I
SHBEI B & E 7 5N b HEMAEMOWENY: - N

4 S R R B
ECEBAA Emmm| | g :
7 : a
3 L e A Mg
® Na

17> &1(meq/100g)
N

-
1
T

@ CL o
obED
>
(>

..i., ,tl

H 1 1 H
0 02 04 06 08 1 12 1.4
EC(mS/cm)

o
e

4 % > &R{meq/100g)

AF <2 - 7050z TE, L¥EIER %
ELZRBEDOGA LR D | KIEA F v R OE IR
DERNEETE LA EICAS LTINS,

BIH N 2 LEEGE L — T HMT - 7Bt D & &
DIZ R, Ny 2 BIEOKEVEEIEDO R
BeHLY T L THDEEENTHWS, LaL, A#HE
BRIk BE, ALV T LA XV EMEBEAA Y ED
BHCIZHBIZED 52 DD (r=0.810) , HaxiE
BRELS ALY, WA A VIZANLE T4 F VD
17£8% # B iIcEER W, AFTICEBNTY,
REBEDBEPSTZBHA X VIEHIN T T L TH O
44V D52+18% & Tz, —), B4+ VT
BREEA A v EHHFA A VA TETH Y, liFHT6+
11%% 758 6, GifE A A4 2 131919% 15 ¥ ik
otz (5 3KX) AFEEDX RS A EEKET
HBT 5, BE ALENERHL O FEAE AR &
RAND LRI —TORREZRE 572D
EELIoNS.

S5O NS MBI U T, AR A o P
Tid, ECLAiRRES: & & DRI &\ AH B B £
(r=0.948) 2@R®S5N7z (I XK). ECIEAKIZET
TA A MET DDA RE KT B TH D
T, FHIWRR A 4 v RN/ Z VAT, keSS
REOMIZHBELRD b E WAL L0 L
LU, ARHEEELD > 5 THESED b hzZ &,

FOTEZMIC B W TR EELHHDO—~DOTh
B HHRESER 2 ECTHi ZsM T & 2 etk 2R L
TWw35,

3 H : : H H ®
: : : : : /A NOs
Ectﬁﬁtptmﬁﬁl o po.
f P o
2 S — s - e so.

;.. oW
! i1 A % A
@5 i O
ol @0 o -
00 02 04 06 08 10 12 14

EC (mS/cm)

%3 ECEKBMRRT 7 > 6 S UKBMERE S F > & DER



YD AP A O 1O IRE

BOF ECLAEMERT A, KM A > OIRIREITS!

KO Ca0 Mg0 NaO ##4vEF | NO=N P.0s  CI  SO.  7=4v&t | 14v&El
EC 0.51 0.91 0.98 0.89 0.99 0.95 0.3¢ 0.93 0.8 0.94]0.99
K:0 0.12 0.41 0.68 0.58 0.61 0.79 0.28 0.06 0.23|0.44
Ca0 0.94 0.69 0.88 0.81 0.04 0.95 0.95 0.97]0.94
MgO 0.83  0.98 0.91 0.34 0.95 0.8 0.96]0.99
Na:0 0.91 0.87 0.40 0.78 0.64 0.760.86
h#tvEt 0.95 0.43 0.90 0.81 0.91]0.98
NOs-N 0.44 0.82 0.66 0.810.91
P:0s 0.10 -0.05 0.12]0.30
Cl 0.91 0.97]0.95
S0: 0.97 | 0.90
ToAvEF 0.97

TSI, B LD TR LIS BV T
AT LADOERMAMERL TW5B, X 7=0HIE 52
2L FREE T, ALFERIX TIE T RE IS BV Tk
A4V OFERMPRD 6Ny, FHHEIEX Tk
30-60cm¥E Tl 1 + v DERERD TS, A
FIZEWTE, KEMEAIKE KEWRERA AV L0
MBI ED 6, YRERGIFIERAFTH S Z
ENGRBED Z EPEC TR HEENEDR S 5. F 72,
L HER D IGA EBECER 7 & L Tl A A+ > 3% <
DLGAEEENTO D0, AU RO AL
BOTHERA 4 v BAERML TR HERKE LT, A
FEREE T G HEF 23588 & T 2 RIRMIERIO £ K
BEMOBEER YR, e L ThHIKEEMAE 2 5
NABEBEDHE NS,

1 DOl THERARZIHZ & 5 HI 2580 54 7=
2, ZORRKIZY) VEEOBFENZHED < MEO TG
REfb L 28D gt X h b,

P E&y, OBk 2 KEERN %2 ke Lf
KO BIAKATET B €= 2 TORSERIEICE
W, BINE L TEHAEIIOR ' E DT V3T
VANEC TS Z e L, 72, FIFRES
Thh, EZLENALTRNICESTI LN AN
WIZ, ERIT—EEEIZEEn5. AFERLO

THIROEDTH D, XREDETH 5.

fEFIZDOWTHB L, Yoy ZEZEERDEH W
WIHEE , 2tk - BRAERK Y & RO & A L e
mARD SN GEAX). —J, BFOKENER
AV, A F VRSSO TIE, 20 &S fdim
RN G272 GE5X).

3 IBEERHFEOAEKECH T IEH
IAGREEROE D 20 A DV THBY
720D DEROHLA, I, HIEBAOKHE - Bz
WTNT YV Ay — M A Tz, ZOREIETIE -
7 hEREF ) ERFISEAL, a2 YD
D AFH A I N OFAEEIT > TN 5,
ERPRARIE, & LT 8 KDf4 W,
R 223K 0 0.81%*X0.8t/10a X 51F=32.4kg/10a
AAVIE 253 3.8%X0.4t/10aX 51E=76
R 2R 6%X0.3t/10aX5F=90
AR ERIEA R =1984kg/10a/5F- - @)
F 74 IR
a v e/
IR © 2000kg/10a
ZERU=FE2.69%X 5 [ T E 3R 5 716%=0.42%
W =2000kg /10a X 0.42 X 4[1]=33.6kg /10a/4F-
R .(@_1)
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800
e PO
& + KO
gsoo feoeeens /A CaO
5 O Mgo
g g
- A Z& D Na:0
Wood....
RA00T
%
& 4
T . A
- 200
gm °
) O v &
o2 R
1991 1993 997 1999

1995 ' 1
EZWN)RRBEFR

E4X EZINGABEHRERETHRME -
BMER S EE & DR

P b 0.251F/4

WU & =20kg/10a X 0.25[0]=5kg/10a/4F-

F 27 0.25(F/4F

Y & =20kg/10a X 0.25[0]=5kg /10a/4F- - - (2-3)
Ait=(@-1)+(@-2) 4 (2-3)=43.6kg/10a/4F-- - - - (©)
LD, SRR AR R R

=(D—®©@)=155kg/10a/4- - - - - (@) RN

P EOBEET, $2, 8, 10£DE AW, &
W OWTERNZ#R ML GB6X). ZOBE,
ARENRR AR 7 VR | i B &34
I3, BEOHETHE L., £/, tvb, Fa
TVIZONWTIE, WESEKAEAERLHIL Tnik
WOT, THWIEICEET 5 i 02 2 EIZ L,
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Soil Chemical Characteristics of
Organic Farming Vegetable Fields

Kaneaki Hori, Ayako FukunaGa, Yasuhumi URASHIMA*,
Yuko Suca and Jun-ichi IkeEpa

Summary

Soil chemical characteristics of organic farming vegetable fields in the plastic film green house were investigat-
ed. All fields were not applied chemical fertilizer but only cattle or hen feces or organic fertilizer. Five fields were
investigated. Soil samples were collected from plowed layer and subsoil layer. Soil chemical characteristics of
organic farming fields were different from chemical fertilizer farming fields. Problems of soil management on
organic farming fields were summarized as follows.

1) The effective depth of soil were 22-35 cm caused by appearance of gravelly layer except one field.

2) While pH were adequate, soil electric conductivity and exchangeable cations content were high and cation bal-
ance were not adequate on several field. Sulfate was one of the major component causing high soil electric conduc-
tivity.

3) The amount of accumulated available phosphorus and exchangeable cations were correlated with cropping
period. On several fields, water soluble phosphorus was also detected on plowed layer and subsoil layer.

4) Zinc deficiency, NO: excess or chloride excess were detected on some fields.

5) High accumulation of available nitrogen were observed on some fields.

6) The estimation to the nitrogen input-output balance analysis showed that 30-90% of nitrogen were leached or

accumulated or volatilized.

Department of Vegetable Science
* National Institute of Vegetable and Tea Science, Department of Leaf and Root Vegetables
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