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Effect of Initial Population Density of Root-knot Nematode on Growth and Yield of Okra

AKAGI Isao*, FUKUMARU Erisa and CHISHAKI Naoya

Laboratory of Plant Nutrition and Fertilizers, Faculty of Agriculture, Kagoshima University, Korimoto,

Kagoshima 890-0065

Summary

Damage on okra (Abelmoschus esculentus (L.) Moench) caused by root-knot nematodes (Meloidogyne
spp.) infection is a serious problem in Japan. In order to clarify the relationship between initial population
density of root-knot nematodes and the degree of damage to growth and fruit yield of okra, we cultivated
okra on soils with different levels of population density of root-knot nematodes and investigated its growth
parameters and fruit yields. It was shown that the plant heights decreased with increase in levels of
population density of root-knot nematodes. The relative values of plant heights to control plot (initial
population density: 0 numbers/20 g soil) were 84.8-89.9%, 72.5-79.0%, and 75.6-78.1 % in the level I
plot (6.3 numbers/20 g soil), level 1I plot (45.6 numbers/20 g soil), and level I1I plot (476 numbers/20 g
soil), respectively. Moreover, the cumulative yields of okra fruits had the same tendency. The relative
values of cumulative yield to control plot were 50.3-76.4%, 42.2-64.7%, and 20.4-42.5%, respectively.
The cumulative yields were negatively correlated with the logarithmic values of cumulative yields, which
suggested that the initial population density of root-knot nematodes can be an effective index for
calculating the degree of decrease in fruits yields of okra.

Key Words: initial population density, okra (4belmoschus esculentus), root-knot nematode (Meloidogyne
spp-)
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CEFZE LTS, EHMIZBIT 23R MEIE579 ha (2000
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L &3 5 MMEBOMITIFELEED 1 D& LTHER
mHERoTWS.
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ERCHFEST 22 Mo Tw2A (5H, 1992),
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bty DWHB LUV EEER b DE LT TR Y
FauiHER R (DT, b)) &Lk &b,
PCR-RFLP 47 CA¥E, 2010 ; AR, 2014) 12 & g,
CoFERETERAERLTWE R T Y FaTIZY
~ A4 EALD2T X YF 27 (M incognita (Kofoid and
White) Chitwood) (ZHIBISNE D TH-72. —J7, B
RERFEETME B EEREE (EEBN) Rt
P ORIL, FEMEREN T24R B DL EmE LB (#80°C)
T5HZETHREERBRSE-LIEE, faTkrFay
WHg I T nlE (DT, el Ll 2
OfEETIEIZOVTRBBROR— V= Y HFEIZL-oTH 2
Ty F RSN E ERRER L. R
T A ORI T Y F A EEL, ERoFERT
BBIURETEL ZNEFNWVEEOEASTRANITAZ &
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TR S OB OFEIEN— V= U (1320 g %
i, 46BFREHE) TITo 7 (R, 2014). 28k L 728
Hohpsra Ty F oy 2450 &M T Tk
o EEBL, TOBEERDL. Zo—dHolEdo R
a7k F oy BEOREIL2 RETIT- 72, KRG T
E, 2270 FavoEFEELY TIE0eH720) D
GHEL (BH20g) & LTRL7Z.
2. HiEHE

201747\ HE YR B K27 R AT B T R M N D 25 TR iR
BAEER L. ATy FarBERREL-TEE
ARy b (EEE305cm, H3305cm, BHHEITIL) 12
ENENLR2kg TOREL/ 22T, A7k Fa
TREDORL D A KEORBKEX FHEIX, LNXVIKX,
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BIXd ARBEE L. ERBXORrI Ty F 2 HE
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20g, LANVIRA6G3:145720 g, LIV 1 IXA45.6
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i X 423 = 25*% a 393 = 37 a 326 £ 37 a
LARIVTIX 409 = 13 a 373 £ 20 a 320 =29 a
LAV I IX 368 £ 15 b 298 £ 42 b 288 = 21 ab
LV I X 343 £ 10 b 298 £ 24 b 263 = 16 b
*MHIL I + AR
B4R H O — 3 LT RIS IE5% KETHEAEN RV L 2R T (Tukey HSD #:, n=4)
F2R HABERTRICBIZF /S EROEFTKR
L NS i % Rz
(cm) (cm) (g /#R)
i HEIX 108.3 = 3.2* a 215 £ 06 a 167 = 06 a 1655 £ 54 a
LRV IX 935 = 26 b 198 + 09 ab 159 = 06 a 99.7 £+ 54 b
LV I X 825 = 30 ¢ 180 = 12 b 138 = 07 b 579 £ 56 ¢
Loy I X 828 = 12 ¢ 191 =+ 13 b 127 = 08 b 493 + 37 ¢

AT = RS

FIHH DR —HSCFHNIE5% KEETHEED RN & %R T (Tukey HSD i, n=4)

WERREZE 1L RITRLTWSD, LAV T X
#%56H H, 7T0HHB X U84HH, L~ I XIFHMER
56HHB L U70H HIZHBWWT, X & DMICHERAE
BROOLNT. ZoZEid, AEEEORVLVI
X3 LI X IFHHE6H HE X b, B ARNICB
LZEFZLOFFINEOKTIELTCVDL LHEESNS.

ARERHE TR (%84 HHE) 1I2BIF2+ 27 IR,
ity EFEBLIOH YW ELZSE 2R IIRL, LR
VI TBIOM R ThbHRX L) RLAEREIC
<, SRR 2 HE G RIX OFEHHITH T 5
W) L] OB XONEIZZENZE84.8~
89.9 (86.4) %, 725~79.0 (76.2) % B X U'75.6~78.1
(76.5) % TdH o7z FHIMNOBMEIZ M), b iz
WED, ELEFEMEIC, LAV IBXOHKigny
NBRHX L) AR, XIS 2 HxHEIE 2
NZN54.8~69.0 (60.2) %, 29.7~44.4 (35.0) % b X
024.4~33.6 (29.8) % TH -7z (FEINHNOFft Xy
). 72, HEBEOEVLANVIKE L O XX
HEBIOERIIBOTHIMNBX L HEENRD SN,
BFEPHHEN TS Z EARENT.

ABHRE TR (FFHE%84HH) ICBIT 2 MROAFIRESL
B2BITRLA IR, IRBLIOT I RIEWIhd %2
TRy F a2y DOFEILIMIEOBEAED LN, K
ERMI BAEL )R LARABE S R
BELZABORPEE Yy FEHRIZE CFREL T 0iTx
L, LXVITRBIOM RIIMOBEHKAIH#ITL, WE
ML, MROBL AL VIRETH - 72,

AEIE (BHEZOOH2 5840 H) 2BFL4+27 5
REORFNEOHR Z H 3KIIR L. REDORFIN
BEROPEEIPBORBRRIZEECERL, LV I
X463 H H PR ORUMERMG#2IHE), LV
XIIHEM %700 H DR ODUERILG#428H H), L~V
XId#EMA84HH (HERIGH42HE) CBWT, s
X & DMICE R ENRD b

BT (BHEHZSAH H) 2B % RENE O R
RIZK$ B MRHMEIE, LARVIRK, LRXVIRBEOL
NNV I XDNEIZ, N F150.3~76.4 (67.4) %, 422
~64.7 (51.9) % B X 1U204~425 (349) % THH, *
I T T 2T OBV RERIX 3 SR
Hotz, FATHIFaTOUHEE GHE) &35
T GRMBAHHE) BT AF 7 5 REDRBEINE
EOMRESE ARNTR LA, WHEOMIIIHERAD
HEPRD SNz Tk ) BRI, OIEE T
GhbLEEWMOTER R I T v F 2 BEN, +7 T
ORFEWRROBIREL FT 2 LTOFRLIEEL %
LR H B L ZRBLTWVAS,

BHEIFCBVTHEZTo72IUTF S (1984) O#Hiy
WCENE, AT F 2y OMPEESIR—I T Uk
TI08E /50 g (4 3H,720 g \CHY) DLEoMs, 275
BN OB 5 AT RLNEISEESHNS &k~
LBNTW5D. 2T, 237V F 2 OMNEBED 4
HH, 20 g DBAICDWT, PLEIR L% & 9%
DRFNGE L OBk (FE4AX) ZIICHAKL L A2
I RFEOINE T IX & B L T13% 2 ORI AE
LhEHEEING. B, AW TH S NI RITIUE
BliG#E 1 » HRRBREOREICL 230 TH S, —KIWIC
B QiZhbizo THEE: - NWHEPTOIDEEOF 7 0
EHERETIE, COMEL D D RENFOWMIGRIZTS S
WCKREL BB EFREND,

TEAERBICOWT, BikkHBrofai L Sh b2
Bk E SN TW B HANTFE 2D VIRRICH S
2, REETIEIY YA TR AT F 2L B MY
MBI FavVOHE Fr¥LFTT T2y
(Meloidogyne hapla Chitwood) IZX 5 =YYy B LT
R OBEIZOWT, BB RO O LR HE
(W) 2RI L7k i e shTwa (H
AEWRIER S, 2019). ZHUC X AUE, B ESE R
WCBWT 28 725g DL I, BEMIFRERFICB VT2~ 3
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22720, MRAENS, ATV F a2y OUEE L
7 7 ORFENRRE EORIZS T S LG ERBER,
MR ERZEICIDEHTLLEEZONS. HlzIE,
BIEETEOY 47 (HER) 2XoT, A7 70437
Ly FaTICKBHEEOREITENDD L &I
(1998) IC&oTHEHFEEINTWAE. T EHAICBITS
WMIEEBITIE RS, 7 TR TraTerFa
W3 2P ENDH L EDMESN TS
(Hussain &, 2016 ; Mukhtar 5, 2017). BHEMEOH 5,
FRM LB BRKEL RET 5 720121%, R Mg D5z
RBEZELILHESFICL T 0355 5 ER/IWLE
ThH5b.

L3

KPEOF 7 SEFIZBWT, 22Tk rF Ik
BRWENKELMBELE 2 oTWS, AiFETIR, a7
Ly FaBREORL L T FEBEEL, €0k
FERBBLIORENEEZWNETLILT, Fa Tk
F oy DMPEEL T 7 SOEFTB L OREIE L DM
BRYEZDWTIIT 2 A 72, F 7 5 ORI A
EVERBRX T ST A H o 7z FEIITOWTH
WX (I D 08,720 g) ISR 2 AHAHME TR T &
LARIVIIX (WH%RE 1 6.38H,720 g), LNVITIX (W)

WI7EFE © 45680720 g) BL LAV ITIX (WIHIHEE -
47658 /20 g) D NEIZ = 1 ZF N84.8~899%, 725~
79.0% B L UV75.6~781% ThH o7z, F72, 7 7 RHE
O FRRIGE D MO H ) > 72, FHEXISHT 2 H
WALV OB L HIKDNEIC 21503~
76.4%, 42.2~64.7% B £ 1204~425% TH ), MNH%E
BE GO BfE) & BRI O BB 22 A O IE 3RO
SNz, ZoZ ki, 2372y F oy OMPEEILF
7 7 ORENROPINFEEEZ TS 5 L CTOHR % L
LB EERBELTNS,
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Investigation and Preservation of Local Citrus Genetic Resources Grown on the Islands

belonged to Kagoshima and Okinawa Prefecture

FUKUDOME Hiroyasu®, HIROSE Jun®, NISHIZAWA Yu’ and KOZAI Naoko'

'Laboratory of Fruit Science, Faculty of Agriculture, Kagoshima University,

Korimoto, Kagoshima 890-0065

? Faculty of Agriculture, University of The Ryukyus, Senbaru, Nishihara, Okinawa 903-0213
*Citrus Research Division, National Institute of Fruit Tree Science Okitsunaka,

Shimizu, Shizuoka, 424-0292

‘Experimental Farm, Graduate School of Agriculture, Kyoto University,

Shiroyamadai, Kizugawa, Kyoto 619-0218

* Toso Orchard, Experimental Farm, Faculty of Agriculture, Kagoshima University,

Toso, Kagoshima 890-0081

Summary

Investigation and collection of local citrus genetic resources grown on the islands belonged to
Kagoshima and Okinawa Prefecture were undertaken from 2008 to 2018. A total of 75 samples were
investigated. Their details were as follows: nine in Koshikijima, eleven in Kuroshima, one in Tanegashima,
four in Kikaijima, three in Amami Oshima, eight in Kakeromajima, seventeen in Yoronjima, fourteen in
Okinawa Honto, one in Ishigakijima, three in Kohamajima, and three in Yonagunijima. Shiikuwasha was
the most distributed species and its diversity of fruit traits was observed. Yurimikan in Kuroshima was the
only citron germplasm discovered. Some mandarin accessions could not be identified as any of the known
citrus. Thirty-one accessions includes a large variety of Shiikuwasha that were considered to be important
were grafted on trifoliate orange rootstock. They have been preserved at the Toso Orchard of Experimental
Farm, Faculty of Agriculture, Kagoshima University. Their details were as follows: three of Koshikijima,
nine of Kuroshima, two of Amami Oshima, one of Kakeromajima, five of Yoronjima, eight of Okinawa
Honto, two of Kohamajima, and one of Yonagunijima. Almost half of them were Shiikuwasha accessions.

Key words: Amami Islands, germplasms, Nansei Islands, Ryukyu Islands, Shiikuwasha

F—U—F RS, GEEE EEHER WREIE V12T

##

ol

HFVFA Y RT LM A S i E T YR
EEH RN, EIHIEE LS MR AR Lk
ERLNTVA (B, 2010). HARZ ORI H

20204F10H 16 H &4

20204F11 A 24 H =3
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1926). ZOHDO NEHOWENIZ X o TH ¥ F VIR
FUCIEDS D . S SICE ARSI L 72, HARTH FERIC,
FERHE 7T V700 0N v X VEMER L (F
B, 2013). A X VHEHOBEEIEAILRBIZON, £
NOERARE LTHA 2 v 3y MBI EAE L LToAE
L7z, MEOEES XY THLYyavIhres
VINVHERFIOLHIICLTHELLEEEINS
(Shimizu &, 2016). HJE SR SIS L OIS
WTHRMIFALT, Y4 27— —=2FEL, KHE
LTI RYR, FATART V5 VEMabY, £
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FUNRBEELLZEEZLNLTYAS (IR, 2018). Th
S50H%, HEHDY 1 77 —%—B X OHEEARK
DK VFVHEIZ, OB LAEE L WEELEE
BRTH 5.

eV S X ORI BIBR O R S v XY #EER
DL, MHEOY 4 7T —F—IZHEEMICDEETE
EmbLws (EREREEBBIAERZEE 2019), i
DOFHRL MWD BOIERS » F VIOV TIE, EELEE
BENTWRWI EPLRAEANICH D, FRCEZED
BTRAYFY ) ==V FHOEGIRICE > THIH
ofatkicdh b (HH, 2017). 2070, Zh b
D v F Y BIZEROMAE - BAFITBRAZEST 8T
Hb. FOLD, FHESITFREHBIIBILHAEZ
TATL, ZORBIZOWVWTIZEICHE LA (ARG,
2006, 2008). ZDf%, FWAMINZILH A S FIVEIZIELT,
A1 5 B D D20085E 5 5 20184E 12 A1 THRES 2> 5 5
HEEE TOIBIZBWTER D v &Y BREHEOMA
2TV, FELZLDIZOVWTIIEHFICETELE. 20D
H—IBORERIEIE L2 (BE S, 2013 FA (FifR)
5, 2010), FAENERLHWICR LML WD,
NHE{EDTITITHRET 5.

MRELOHE

20124E 22 52018412 AT T 7 HDTER S~ % ¥ jlis
FIRRAEICB T2 LEORKR LG L. MBI
HEHRIIE 1 RoMY) THLH. ERE, BEKEBX
OIEFESMREE AR, /MEEDB L UEIREROH
TIIHK LWL TEBL. T2, BRE, BEKRE,
MEtEREB L OS5 @mEBUND 7 BIZRRAETH - 7.

AAIZ BV TIEI A ORE: - AEF R Z L2
Z, JAIE LCHEBIUORELRML 2. 5HEOHHRE
RIRAFIZE T 5720, THERRY GPS THEFE#H % i
FRL7-. AEBOREIIBNT, FAMEFLEEZONLY
GlEEL KRG E Lz, IRL B0 I
T, REOBHEIERESREZREHTRAELZ. £51K
BIUOSRORAEZILIEL L7272, RERNSARE L72Y
GbdHolz. MEEBPE o234 77— —BX
Frhy (B@REOY 477 —%—) IZo0nTIE, il
EHETB720, WROBICHERSOBTEE M L TXAI
L7z, SRR DF4 1L Tanaka (1977) (ZHEPL 7228,
FNTIIEADUE T E b2 o 72356 1% Swingle - Reece
(1967) DL HHA L. Chdsic~ ¥ ) Vs
BIWICHENT D, KWL BT 5 Citrus reticulata 1
Tanaka (1977) O G THR T A 4 ¥ TlE % <,
Swingle * Reece (1967) OAFIIBIFB~ V7)) v TH
5, RVYFYVIIBVWC, 20y IAV(IRIHY)
@ X 91T Tanaka (1977) O5HEIIBIT 2 FHIEAHTD,
—ODTNV—TL LTMERFITE2HAE1E, —#KAIE
ruix3IHrvelLiz —F BEWIZIESYY) T
HHdOD, ZOWENAHLRLEEO—HAHEI~ V5

1R ERIFVOFEMS IVHEEHE

AT AT H A2
JE VR B I
= 20184£12013, 14H
BE 20164E2H 18 H
T 5 20144127 11H
BERE 201249 H 13H
wERE 20124£9H12H
TNET RS 20124£9H10, 11H
5.5 201341113, 14H
TR
LN 20084E9H 23, 24H
A E 20124E9A4H
I 20124£9A5H
HIREE 20124E9H 31
e L7

A O d HRBWRBEMAEZRE L2 72720
A7 T ==l TIHMNICEHIES AL T S
(1A &, 1998 ; Yamamoto &, 2017) ® T, %=
L7z fEZEBUEPSR A Y3V 7)== FHD7:
OREAREBEAT S LI TERV. R CTIITEERS
VM ORBICBW IR Z EAET, ML 72RFED
LERFEL, TROEEAZEMLT, Zhith 75 FHEK
WCHEEALL WMARBO Y =7% (OH04) FHEM
THLHOT2HEEZHRELL. 2Dy =7% (OHM)
THAMT, BELMTFRBLI-bDOEEZLNST:
W, HENE S IR VEEBORELERNH L EE
5. BEBOIERS ¥ F 7 I20W TR D20164F 3
ACHAROG#EE 22, BEOREBII OV TIEiiE
BRCEREARZ R CHEEAR L. BERLT24EKICHE
B RAE AT E B 5 s A B O I35 L g i L 7.

B R

JEE L I U S LA B B AR X5 2 IR L 72,
RS CIX THRS T O MERA Lz, AR 12A L
T, REOEKEOSER, REFKROBEGMHATE .
oL, avA3IH v (KS02) FELTORETS
{, BHEWME ST Y~ 75 (KS01), X
(KS07), #9947 34 (KS09) BIXUL by IHh v~
(KS10) 13, OB TIERDOORTVWARWVLDTH .
I A (KS07) 1 EARDL A (C. junos) LIATH S HITHR
AN, TAOFENEMZ T HIHTTIHY
(KS09) DHMBIZ A —TF—12BB b 0D, HAOFER
Yol by 3I Ay (KS10) @ TFERETH A
WHLIXZ D AFEAET 5 BIZEIR T, HFH > Fv L LT
FIH I TWwi.

BETRINEZHA L. BHREN2 A LE) -7
7o, REFBEETEEEL TR R-720T, ¥
WEOADOHTE L 272 LarL, BEI LY (KROL,
02) 2DV CTIIBIHPERNSEDIZH I FEE 272 R %E
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EHCCTHEZT 72, HTHEBRGTEIR L, RO
IHEENZ1I2A T2 5 1 A2 EZ N7, ZHIEE
DAY AIHVERBE 7RI IA I THoT T
M52 Ay (KR1L), A#728% (KR12, 17) B &
) by (KR18) E23EE O BIZE RO BELk
BHBHY, BREZEELTWARVO TS TIIMET
v, 7272l VI A VIRERERB X ORI
BUZHETHOTHRLZY bu VY EHIEERETH 5.

FFEICIIERD 3P, BERY#HETIE
703 INVBEIYIZOFELPED SN LD -
7o, RKAETIZa X (INOL) DOADPHFAETE /2. £k
H Ry OMBIIBAE L FAMTSH - 72,

ERBIZ6EHORETH - 720T, RICHREEE
B4 oz ETAE L. WA Aoz,
REMERROTEV AW LD Do 7205, HEOFE
WIEME R 2o 72, TURTREORFEKREL X OGS
FREREDFMETHS. YAH T (KKI6) Zruady<
IHVEREREIPLLOD, FRPHELVHETH
HIENOFavIhrThhH BEBEBICIGZ IO
RIAVBEL DT BN, FTaTIAIEIOTA
HIREFTHoT. BERBICEARERROT V& V8
FAETHH, 2O KKITIRARMKTH - 72, IRRAEH
DKKISIZY 4 7T —H—ICHRTIRMEEEZ SN
7225, FEHIEAHTH - 72

HERBED 2AHOMETH 70T, HHO3HD
AT L. ARZEOFEMORET NI O A THEE L
2. VAT H—FFELHFL L RAELLZ2HD
VAT = —OREFEEITR R 572 AOIBITHART
AOUAD Fi SRENKE L T D% o 72,

MEHERRED 2HBEOFETH-720T, ¥ 147 7—
F—EELFRE LTS HERMAL. WAL 42
J—% =45 09 %L, KMI0OE KM07, KM09E X OF
KMIIO R ERE SRR R R o7 WiHORENKE
Motz T=FTIRWINLFEETH 2205, HFKITIZHE
HORMMPB L VIFTHo 7z,

HiBlk 2 HORETH-7-. 110 LEOHFHET,
FEAEDRERGIIAETE 2D, BEAICOVTIE
RIS TVDE L DOHNE L, REOFEFEAITAH
BENE otz 4 7T = —DHRENHE LTITH
ERELZ. WINIEEDOY 4 72— —F 22T
WA, OB EICIZREFRD b, REEITS
~22g, RILIREIX118~137, HFEFEEI1X8.6~10.7FF, THE
B21335~6.4% B X OFET-#0130.3~11.2M0 F THA L 7.

MHILIC BT 2 AR BT B 3 RITR L 7.

WHASOFEIL 9 A THICER Lz, FERLERD
VEVENGELTHALL BRIRELTH 7
B, MORFETEITHETRETH > 72, FERHITHEL
Lholz. V477 —%—5RkH, KAEKSZ I=—7»
BL BN 4 70— —Tdb. KEEKZ H=—IC
bHHBREOLHMEDFAAL, OHO2DSHEAFE TH - 72,
¥y =7% (OH04) Z3FA (Fifd) © (2010) 1Tk -T
FFNFEREENTZEDTHSE. Y47 T—%—%Nh

MPALD & FNF LR ey, BRETH 572 BT —
Zixwds, 10AICREECTH-72. h—7F—, 1
HIABIOA— M —IIHEEE CHEEELE LTREL
725N TWwW5 (Yamamoto 5, 2011). Wi d
VA T—=F =LY RERFIKREP. INHOPT
BH =T F—DROEBETH o7 7y V2 FFEIDY
AT YO I L BERDLEDIETHo 278, ER
BBIXORERE»SEZsalra bfEHEZEz2 5 2
7o, Ty VEEEIR (OHI8) 3R TH - 7.

LAEBOMEZIH EUTHo 7. RS AROR
BHRAHEHLH o720, MEOREICIIMEL -
2. ZHhIETFRO/NMNEEB X OCLSREETE L FAETH
B, ¥FNF (G07) 1 HOAFRAEL. RERD
5g LIEWITNRETH o7z, HIRMETH Y, AR T
A L724=7% (OHVM) &M UHEHEZZ 5N
VAT T—H—ERAETE LD o705, HERYFET
EBINC Y 4 2 T —=F—=DHAEL TV D L OfEHREZE
7z.

INEBTIE Y 4 77— —3 HEH#HA L KHO8IE
REDPREFEL TV eh o7z, KHOIE KHI0E Y 4 77—
P—DRKRPL R E S 5ARUEHAELTWSHEEDS
INE L7 WiEORFIRE IS Tz

SEMEBTIT4 AT LE. Fvr=vidv1 29—
H—THoHH, GIEETIINREEDY 4 77— —
EIRXAIL, Y4 77— =X IHFRIENEDZ L
Tholz. RINIH VIZGMEERAO~ Y5 v &%
A7z, BERELEEIS— P—ICMED, FRIZ
H—TF =GPl FEF Y ELVEVIZEAMEZ

Zbni:.

AL BT 2 A RBIIE R SR 0535, RO
2R OERITBETH o 72,

D Eo#Z&EREDH L, HED 3, BEOIN, &

RED 8 i, MNEROD 2 1B L UHIREEO 1 o531
M % 20134E 2 H~20194F 2 HIZHE IR B AR ARk
YA RN EM L CRAF L2 (382, 3%). MM
MWTIE, Y147 7—=%=0168, ¥FNFP1HE, 70

T UHNLE byl ABIOEEAHED 4N
ThHo7z.

R

VRO (WA S, 2006, 2008) TIIEXEHEREOA
ABESHBERELTEY, KMELFLEARBBIY
H-REWIE S D 2 8T b P 2R AU 21T > T b
DT, AFEOFRKREL T T, AEE&TIED S IHED
5 5IBE B E 5 BIRIRIC BT 2 FER A ¥ 0 BIZE R
PAAER S N7z

EOAHPICOMA L TW2d Dk oA (H
th, 1948) O 4 77 —H—Tho7z. BEDOIXIPH
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v (KK15) ¥4 27 7—%—Thh, BEH» 5L
EEF THMmdlilo s/, aX3IH v (KK15) 2594
70 —H—ThWwE, BERBUMEIIGMATLILE
B, MUEHABIIBW TS IREE»EE & % 5 75,
AT —H—IZRBIZOAAEL TS (HP, 1948).
FEBZ, FEES (LR - AR, KFEER) D BUHEEER
AETHRBOY A 77—V —%MELTBY, Y17
J—H—IIEEHEE, S RE T CHEHPAICOMA LTV S
CENEMERTE. T4 7T = =TSR
TETAH I EPMLENTWS (IHAEAL, 1998;
Yamamoto 5, 2011). $t-> T, K#FEXTIE T 1 7 T —
=IOV THR DL ONB T RAEPE L2 FAELH
RS RL D, RENEROBEILZI) 5 b OFAR
HMCLEHARERE»RD LNz RIFETORTER
e & DLRT ISR L2 R &2 PR 7221 %0 > 1 7 7 —
H — @ DNA 5 H O #5 R (Yamamoto 5, 2017) T,
FENIZBU A E BRI N TS, 72720, Y47
7 —H — R R oA L ZIEIc s h, T
77 —H—OMBLELWLPIENTVE. Y1 77—
Y —1ZOoWTIET7T A VA L2558 (Yamamoto 5, 2011)
R Yt AR 55T (Yamamoto + Tominaga, 2003) T b ftho
WIEEO S X LIZRHITE S 2 LG shTn
5. ZOX5IZV 47T —H—ZR oMo IZFR
DONEVWEELBEEERTH 5.

MHARSB L OAHETHELAL Y F3FH 2 Ol
B OBEERETH L. M, WEB L RN
58 FNFDVEMMETH LD LT, MHOHDIFHE
ErTH M EMA L. ZOFF8FIZHpP (1957)
WX o TSN, FR (FRf) o (2010) 12X->TH
BRAENZDDOTHSE. AWHFEETLFLR (M) 5
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VAT —H—ITEBRE R DAFERIBOLNTN S, fiEo
T, MHD & FNFDOHFNZDOWTIIE 2 B IIEA L
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BAFTIEZ AV REFTA 574135 OHIB THERET
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BB CTHRAIN TV, SHORAETEED T T 3
B YA — b —DOWEENE L ko7, DNAGHITH
PUIAUNRF—b—ThHIWHREITEH (55,
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Effect of the Ash Fall on Leaves and Soil by Sakurajima Volcano on Cultivating Crops Growth.

KUROSE Erina and SHIMIZU Katsuyoshi*

Faculty of Agriculture, Kagoshima University, Korimoto 1-24-24, Kagoshima city, 890-0065

Summary

Sakurajima is the volcano in the gulf of Kagoshima, and is increase erupting times and ash falls,
recently. Ash falls affects agricultural production of Sakurajima farmers. Therefore we tried to make clear
the mechanisms of fallen ash to typical 5 vegetables in Sakurajima, soy (Glycin max Merr.cv.
Fukunomame), maize (Zea mays L. cv. luncher 82), egg plant (Solanum melngena L.cv. Kokuyou), bell
pepper (Capsicum annuum L.cv. Kyousuzu), and tomato (Solanum lycopersicum L. cv. Red ole). We
cultivated them in the glass house at Kagoshima University Experimental Farm. As ash treatments, we
dredged plant + soil(PS) or so0il(S) with ash. As a result, there were no differences of plant lengths or main
stem length between control and treatments after treatment started. In PS treatment, leaves surface were
observed by a microscope. Some stellate hairs of egg plant and tricomes of tomato were observed and they
prevented ash on the surface of leaves from being blown away by wind. It was estimated that some stellate
hairs and tricomes would keep ash on the surface of leaves, and ash might inhibit the evaporation of
stomata, then photosynthetic rate would decrease and plant growth and production might decrease.

Key Words: Ash fall, Stellate hair, Trichome
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MEBRIER (bws) Ay T (BdEl7 km, HP623
km) OFFIICAELZZINE~T A4 FokE KL
<, duds, PR, EEEO SEEMESIL, s, 517 PR
EOMAKIH SR, NAXWEET ZEIEETOHHTH
WEFE LTS (KERIT, 2020a). 19144 (KIE 3 4F)
OWEKTHT, HEBRERBEENOXKNETH 724, KIE
KT LZEEICE D RS LB X I2h o 7
WAEITRVE12.2 km, P§4L9.5 km, JEPHS2 km OAHIHI %
HRARO/NERE o TWD (KT, 2020a). WEIZ
20084 DURG 22 IE B 2SRk BE LT B 0, WA (K
WA A« RILK - KILEE - A% E) BRI 2R
T/, ZREEL LTOIAMR EICE Y ZHMICHE
ZRIFLTS (BT, 2020a).

MEOTEEEYOATEREIL, BIKOBEND LD
72 IBAN454E 2763 T TH - 72 DA, BEIK O E DK
L 72104 M T381J5 M (HRANS44E) & % > 72 (fifd,
1985). TAERLE TIRMEK AL TB Y, 20102
520194E D104ER T, 14EdH 72 ) FIR 79210 DK %
RZLTWD (K87, 20200). S5)7 (2020b) 12 &
% L2015%F T IT MBS A A HH L, ZomXln

20204F 9 J114H %At
20204F121 2 HZ 3
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Bi31252[0], MK R 1323,886g m & EisRk L7z (IR B
2020a) .

JER B ORF 2 L2 TV D EEEICKIKIC & 5HE
A Eix, BEREBREEROBFIEEZ RITTI L
X5, 22T, BIKVREWCL -0 THEL T
52 Lt MEOWHIHILL TV ABAEICBWTER
GiETH L EEZONRL. BIBBE (20200) &, B
IRASEVEMN AT THEOBET R E LT, TEWICHER
L72K% 787 =12 X 2 AR B X 2 B Hok 1
LOVBIKT B2 &, BUkoWai, +okKkaETiT) %
ERERLTCBY, ICFEFTRHEE 2L ENM DT
B, KEBPLEL R ERRe N THLELRIEAITE A
ET, BEARARRLAFARNMEL o TWAHEDE
FIF o LE LR FENLEENS.

Z 2 CAMIZETIE, # L VRRIKK B & £ 53 % 7:
D, KIKDPEEMOLETICRITTHERZSHL, 20
TERBIEZHOMICT A LR E L2 BRI
1, EHPEELZERICBV T 2 BB MY %
SHERYY, BRIKALPEZ ATV, KIWKPER O AEF IV
L hRB e RITThedii L.

F 7, HERE L 7ZIKICRARDSID % & L oS s
b33 8, ARUFEGINTORWDIZHIHERED
FZELwll, HESHEYIELT LI LICL S TEORE
AL EME IR TWD (KE, 1987). ZZ THKIX
MBI X DK TBICH -0 B2 O pH &
EC Oz JlEL, #EL.
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I & LT, ¥4 X (Glycin max Merr.cv. fRDE.),
o EBR Y (ZeamaysL.cv. 5 ¥ F ¥ —82), F A
(Solanum melngena L.ev. B b ), ¥ — < ¥ (Capsicum
annuum L.cv. 585), M= b (Solanum L.cv. L' v FF—
V) W BEFEBIIE R SR F RGN O 7
T ANT REWNTIT o 72, 20194 5 H21 H &6 3 %
FTOKRTF4kg ZFAE L7z 1/2000a 7 7 R IVEKR Y M
AR L7z, 3RS U CfEROiER (K Ad v B b s
14:14:14, 14gNm”° 14gP,0; m? 14gK,0Om?) %%
3ghifE L 7-. &REPEIHI LI 020, KBEKK
200ml % #EAK L7z, FFHBBERERMGE 24TV, KRy b
LA L LT, 7H 2 HITKIWIK 2 SVEW I Hch L
7z, HEM TRy PEREA, TEXB2FKHPIHIES S
EVHENEHIT LA, P 22 KILKIZRE R B R R
NI BB T O AU 725 2 WH T OIRE 725 (2
W L2 DT, FEEWOR SN2 d o 722K1H 2> 5 BRI
L7-box v F72, #4i L 72K D& I1320094F ~
20184E D 4 H~10H O HRIKE TH 5154g & L 7-.
MBEX & LT, O MK E WA L7z TR X
(T X)), AR AKX % i L 7= A 2= 1 oA
Xoxid, £WHe6Ees L.

AFEREETH2H (FHEHEWR2H) 26, ¥4 XL
JEUIVIE8H6HET, ;A E—vr&ivhid
8H20H £C, —BMmICHLELITEZRZWEL
2. ¥AXEL by eI VIE8H6H (EEKISH),
FA, ¥—< ety ETIIIE8 H20H GFM#£92H)
WZIUHE L, 80C T4BIM [ JE M L 728, SAEWO%E,
2, MoOEYELZWE L. EOKIEDIKDOA 7 DORT
EBIEET L7720, THH (BIKWE2?S 6 HEE) 124
MRIX & ZAEMORMBATX DL 1T OHALL, BIR
FARBEMEE (EM-30, XA V77 7 ¥ath) oBigEL
7o, BEIRDSTHEIC I B oW TilET 522 % H
&L, 130 pH BLOEC (BREERE) 2 #~7-.
FFHEX B X OB X DK Ry b H 520 g 30 18 % BRI

BIR HMX, FX E—IOIIUEYE

VN

L, K50ml ZNz T30 HRE H S8/ otk B
CIRES LTHB®BHE L, pH A —% — (AGRITEST,
Hanna Instruments JAPAN) (2L 0 pH ZIE L7z, 2O
BE AT AKS0ml 2 M2 CTH/RE H S, ECA—F —
(PCD-431, fhméradithaisstt) CTECEZME L 7.

S

A ZOFEROHERIT 3 M CTHEITA ST, fil
WA X OHER T &M 28 L TRz R L7z (5
1), FEOWWEIIR X LAY H XA E
m2AR LN, LEPEGEXIIE»-72 (B1R). X0
Wy B o IR XA R L C R OA X & R A XA <
Hofz (13, fih LIz BIX X0 Rk
FXIHEL o7z ZeoIE (YY) (TIZLB R 0%
RO o7 (51R). MPEHA X OEORHB
FTIFEOFIIZL L, ERITT, IKAPME LTV T
BY, ST CTRKOMNE WD %R hoTwniz (6B
2. BEORMIIIIEENFLEL, TORBIIKHfH
HLTW (E3IM).

FyETIVIRTH6 BICHEAEE OIS
D, 7HNBCEETOREEIBEL /2. =i 30
MTEERONED-7 B4R, MY ERI IO
WEZETOIMTEIIRONE o7z, FINEICH =
BRONZ o7z, MPHEAIXOETIEZESOHR) (HF
DEHOTENR) CTIKOMNEIZL . M CIXIZEALE
Bl ohzhos (E5K). MFHEMEOBIZEIZ X
D, HEOHRREFFIIMOEWERT X 51, FERIZH-
TR E LT Wiz, (6 1X).

FAETH 8 BICHENHFE Y, 7HI9HIZETOM
KA BAAE L7z, UEBIAG 21 0 H  Tld i X o
FEEDPIREVEBDH - 7228, ZOBREIHERL, I
HERRIZIE SO FER AP A ON L otz (BT
). (B X OROEYE IR X & R AR X O
BUCEE RSN o 7278, WALE X H IR X bk
Lo/ (BB15R). NaE (Y ([ddRX et

HWE (g)
feh IR £ * it L HEYD B L 5 S S o1 i

74X R HEIX 23 a 41 a 26 a 118 a 118 a 182 a 208 a
T3 X 06 b 29 b 22 a 124 a 124 a 159 a 181 ab
FH AT IX. 14 ab 29 b 19 a 105 a 105 a 148 b 168 b

+ R xif I X 37 a 56 a 41 a 36 a 93 a 187 a 229 a
T3 X 24 a 40 b 27 ab 32 a 65 a 130 a 157 a
TR A X 27 a 383 b 25 b 21 a 65 a 13.1 a 156 a

E—=<r  WHEKX 30 a 42 a 34 a 31 a 73 a 14.6 a 180 a
A X 37 a 42 a 33 a 44 a 80 a 16.0 a 193 a
TR A X 16 b 39 a 22 a 23 a 56 a 11.1 a 134 a

=7 V7 7Ry M Tukey HEIZ & ) KHALH TS BKRETHETHEVWI EERT
AKX (n=4) BEHAX  DEREHAX (n=6), MPHEAGX  MPEREHAX (o =5).
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NEITFOX) BREEFFELTBY, FORBISKD
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FAIZRONTERBCIIAETL2OATH o7 (513
).
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BIU BEW O F1BHBEIO% L2 F T, Bk
KEBI—72" 12 1BHEMEION% & e-/-HO3H%ETE
THHAKEKTHEKREZIT, ZORITMEKRIIEZ, A
G 1B H~ 3 BEHORFEDOIHERT £ THHIEK
#fiol:. 1BH~3BHOZhZERRE DA LLE
FEEAEBFE1IRIEL, REBLOHELNE L.
X, 7Y S IOVHEER (R v MEEEAPAL-T  AS
ONE fH#) % v CTHlZE L 7.

BREIVEE

1. JBRKIZDOWNT

ARG L 72 IRR KO SR EZHE 1 RITRL
7z.

HEAIHE L2z, SREAF b U 235 kR
THH, Na' 257019 mg - kg' &FEFNTHBY, Zhid+
MY AR T IRERN0.27% TH 0, WK OFEIE
SIEERZ5% DB L ZI05D1IUT Thorz. T 72,
EC 1304498 - m" (449dS-m"') TH Y, Hido [E
Ky — MR BRI C L 2WBEE b~ PO
EAEFE] OFME M~ M2 EET B TbN A B A
b L AMLERIGEE D EC D4 ~5 dS-m ' I2H3TIZE 5.
L7245 T, MMAKDIEMRES L EC IZIEHA ML
AT DIZHE LTS EHIWFL 72,

F1xk BRKEAE
PR MiA + >~ (mgkg') BEAF > (mg-kg!) RS (mg-kg!)  ZOMfEEE (mg-kg ™)

L sl A SRV - (278 ) Li* 1.0 F 04  CGEMREERLS) Cu 0.01 kil
(RS i SR Na 701.9 cr 1350 H,SiO, 152.6 Pb 0.01 i
Rl :47.5C K 72.6 Br 8.6 HBO, 134 cd 0.005  #iil§
B 7L /min NH," 0.1 So,” 102.6 As 0.03
e 555 U - DR - A B Mg, 11.2 HPO,” 0.1 GBEFAS) Hg 0.001 il
pH:7.13 Cay” 1325  HCO, 88.5 CO, 7.3
EC:0.449S/m Sr,” 0.4 Cco& 0.1

Ba,’ 0.2

Mn," 0.7

(Bk) BEVEESBREBEE AT X ¥ & — 12 X BT



F MY Y AR OISR KDTEEA b= N REDSE T 33

F1R AHREEMZRAVEMAERELE MY NDOEE
RO%T (201654828AH)

i AN =
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Y UERSRT Y T SNE R YNER VYT T b ARIE R YRR b ABR
1:1 1:1

F2K AHEEMERVV/IEHAEEL L MY bOEESBFEEOFRTF (20165£58198)

YERRT v T ¥R TIMER YTy T b HRIBR TURRK b HIRIR
1:1 1:1

EIN AHEEMERVIEHAEELE MY MOERKEKFRSBERORF (2016FE7A7H)

T2, BAFCVOF RZoMomaREEzL LTEFE #12 mg, 5oF1.6mg §i0.2mg KH0.002 mg % B
N5 Cu®, Pb*, Hs, Hgld, H#EH (1975) OB O 2AHAVWIELEERTEBY, ZoOfiz FThlo>Twi 20
FMHZEEOHKHFHIEEOHMHFERTIZ, KA1THIZ 720, MY MORFIIBWTHEKIHNTORERVE
2%, fRoKET, 0F (0.3 mg- kg x1000) ml, bk L7z,
$i (2.0 mg * kg' x1000) ml, % o # (1.6 mg- kg ' X 2. EEEM AW TRRKZEKLEMNT B
1000) ml, 4% (0.2 mg - kg ' x1000) ml, 7K 4% (0.002 FITEt (E8B%1)
mg - kg ' x1000 ml), K5 OFIEIE T, 0303 mg, MRB X OHETHR L 7-:O~@DR BT, &
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Fx, MGzl 0 1 TRE L2ERESH b mE A
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REOHAIIBNC, T=ETY-12 O 1EHTI
100 g 35122 ¢, 2B B L 3BHIZ50g ~150¢ 2
IR LTz, BRERERE —2" @ 3B HIZ100 g £
V%<, 1BHEBIU2BHIZN0 g ~200 g \2JE < 45

fALTWwW B O1BRHEBI2BHIZI00g~
200 g 2R AL, 3B¢HIE50g ~150 g IT)JA < A L
Twiz,

BWEOSAICBWT, "T2FETY-12 O1EHIE
6.0%, 2B HI37.0%, 3B HIZ8.0% OfHEIZ% A
LTw7, BRI —2 o 1B HIZ65%, 2BHIZ
75%, 3BH1X8.0% DMEIZE A LTwiz, A
D 1BEHE136.0%, 2BH1375%, 3B HI1X8.0% Ot
WG LTwz, §RTOFBFEICBNT, LD
O EMLOBIC R B120oNT, BEENEL RS L )0
DIEBRYBR SNz F72, HEEIZ6~8%DMIC%
SHBLTBY, BVHDTII% DHDHH -7z,

F N Y LA R OHEKICB T BN O 1 REO
UL X OIS A 8B 5 IR L 7.

TZETY-12 BLY BE ZEEROMTIZEA
EEREERON o7, BRI —27" 1 1EHLD
2EEHMKREL, 1BHBIUV2BHIY 3BHDIVNE
 BAEADPA SN, WThINTOEEH LD, 1
BHXD D 3BEHMWNS L B pMINAA SN

F b U Y AEALY R ORI BT B SRR ORERE o
JEB L O A 6 IR L7z,

FTRTOMEIZBNT, 1BEHIY I 3BEHIEL A
AIEMDS A SN F72, KEX DD EOBRICRSIC
ONTHEL &L HAIDIH LN,

— RO KRE b~ MMIBEE 4~ 5%, FE200
~250 g L ENTHBY, SHOHERDI LGS N2 K
FHWAKLTHE LA < ME, — B KRENYRED
LDREEIE L, REIIISWEZRLA. Mo MIER
FLAD DAL E TREINSLS Y, BREOKEIHY
RKTLHZEDPHEINTNS (Bolarin 5, 2001). F 7,
M (2008) DA RER W CHERBKEY 4 % &ML,
BEWOECZ 4 dS - m ' BELLTIY M2 LE
WA B OBRIZR B IZONTHEENEL &), RER
INEL BRI H D LR, WES (2002) O
J@KEIORFICAHIR L 72D D %A L 72X O A5KEK%E
WAKLZX L DBEEIRLS LY, REIVNELSED LN
IRRLEEML TS, ThoDZ s, Kz iE
KTBHZETIS MIEA MLAD A0, HEEDESR
L, RFEINEL ZoTWADTR AP LN SN
5 Fo, BREEINIEVDRS MY MIFEE 8%
UEPHZEEINTBY, ZNLULOBEEZRTIOH
TFAEL Tz,

REFFERE RS, F M) AEEAL S ORSKDEK
W& oT, b MEEOHEED AT SRR S 2
Elrodz, ThuL, KIEREICBWT, HEXML AR
B2BEWENRERTLEVHIFERLEARTH Y, At
BT Ty, EREBAHWT I MEEEL, F
MU AR OB K E KIS Z & TEAEE
M MEERETELWREEEZREL TN,
AEERTIE, KELY D LM OBICRZIZONT, B
BB EAL, REINNS L LBEMPIASNTNS DS,
Z i B OBIEBIERT 2 S A b L AMETHhR, £
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s (HES, 2002). 72, A ML ZULBO BRI
LY PR ER BN E oA MEED AR 5.
ZB720, SHOMEE LT, WEEREEDONS VA,
RUBNROFER, wWhWwbHNELZEIHT 200K
BORX ML AMHEDOFFEEZREL T LENDH L. Hl
ZIE, RAROEKROBIER I ORGSR 2 DR ORE
BVHETH L., EHIT, FERTHROESZELRE O
WP 7 CERBIEART IO T 2 IR I T 2 LB H D L
Abhs.

ERERE b~ MEEAE, HBRB = AE L, HARRSE
FHOREEY ML v FEFFM T LA EMT SR
TWwWhb, E72, Bt EEY & U TSN oM
MDA TN T WD, —T, TOEEFMNIIED
TiR%L, BRORBRLMIILBLIADE o7 £
7z, FEHBERE R &~ = 2 7 ML S N7 HE ARG A
EHETHY, BAPRS TR Eroz FEEAH AN
RS - HAREHENIES, 2012). LA LA
5, AWFFERERICED BN EZHE LT, &%
DK EKEAD S F MY 7 ZEACRICEZ B33 T
BHIEWEN MREETLZ LML 250 L
Nz,

F72, AWFZEIE, R O BIRLLAN O 72 2 1Rl fiE <0
YO L WS KAHEROF ML AL, 2o
&9 RIS A OBIRE G LSBT TH 5. AR
ZECHWONAF MY T A LY RIE, SEZ I ST
LTBY, YYOMBED L) ZEHIHE L T b RFH
DEJRLLZLHFELTCDLIIDEEDNE. L7zdo
T, 20X HEFELAMEH L 72w A il o 2 EY
OEFEFMBTE, 5%, MBIEHLIc o 2R 5D T
BhwheEZLD.

Z 0

RN RSBV T, RKROF 2R BEADOF
HrzHMEL, ZORREESOF M) AERL, &
BERE b~ D ERAEFET S Z ST RES, KA AL
B MREOMEICG 2 2B ERELL. F
7o, FORHMICIE, YIOMEXEHFHATL 0, ¥
TREEMTT v TR E D ABROERERE L0
L 7-.

FERIEHZ BT F MY Y A3EAE R OISR K B K
T2, BEEIIEELD D LMOBEOFPEEIIHEL
oz, FOYHEIZ6.8% 2 57.2% TH Y, 9.3% ZmR
FTHOLALN., REICBWTIE, FELREIIALN
Glrolads, BRI —2 TR1IBRBRU2EAE X
D 3BEHMWNS L BN ALNI, DLEXD, B
BN MAERETE A REEAR S .
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Az T LD HI2H 70 IR R E =Y
BB T i BEAER AT B REMENE
NfEfET 2 VN = AMiRiE X > & —  HooRATIR, HH
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WhewizZ2& T L I, BREERFARATMIER
BN RSB S MR EHIERRIC I E 2wz
ZEFILZ ZZRERLSBILBLET Y.
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