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Evaluation of applicability of horse manure compost for development of sustainable agriculture in
Fukushima coastal area

Analysis of microbial microbiota and chemical components of horse manure compost

PaRS EF- 1 P AT
Junko NISHIMURA!  Wakako IKEDA-OHTSUBO?*

EE EHEATRER R IR A5 B OBIBATEICB W T, MIBREE A AN UT-EWEH OBl FE 13 HRER
DOEREERBE L 2> TV 5D, RIFETIE, BERANORHTRE/REEAEITIEH CE 2HEEEHM & LT
AT CEICHIE A <> NAHICEE IN TV S 5HEBEROBEOFIAMMEICER L, XUF A7
—)VOHEIALRER 21T > 72, 4 EEOHE 30°C, Y1V LM 1~2101) ick-TY >, EF, H V%
DIENE S DHRAEE L, C/N Hob EAHENE O FARRY 22 50l (27.4) ISR L7 Z E R B E 7
72, 16S rRNA /a1 DA — 7 o A2 K D HERR LRI O B #E AT TIL, HEEERM & L TREA L
BEEIIEBHERTHD EEZ LN A IREBKIEME OREEEFN S L CHRIRSNTZDITH L,
B OHEREIZ X RIS, Rt S U <IZ@EMEa R MR, HEVE R L, BRRFAE F CHWWY iR %
179 BB FE CAFR TX DR A A T 2 ME SMESBHITHR I S, Banik CHEEBENE L ZL
THOH -T2, F, HIROREEL DR IERCHEEMHEEDBEIECTH 722 L0 b, BlBHAERE kK
DIBFILT LR T X EOFEPEMM T, B A= BB O FEERF ] © B 22 AR %
ST DMAEREM & L CRIAMREWEEZX DR, ARG LR REZ S &1, B OH L
FRpt rTRE 72 A& M ORI 10T CEAMZRBLE D R2MRGEEZ H, fEEmFEE2ZE LR
LABLMBEL CTITH) TETH D,

X—U— N HE L, 5HEBSE (V~), BIESEIE, BN, BEWEM, Fivirlne/e B3

Abstract: Development of locally-available microbial materials is a high-priority issue for future food production
in sustainable agricultural management. In this study, we focused on the horticultural value of horse manure from
retired racehorses reared at a local stable in Minami-soma City as a potential composting material applicable for
sustainable agriculture in Fukushima Prefecture and performed a bench-top composting experiment. The
maturation of the resulting compost was confirmed by the increase of nutritive elements including P, N and K as
well as the final C/N ratio of 27.4, which is in the range of the ideal values of mature composts. Microbial
composition before and after composting was investigated by 16S rRNA gene sequencing, which showed that the
starting material (horse manure) was dominated by bacterial groups affiliated with obligate anaerobic bacterial
taxa from equine cecal microbiota , while the mature compost was dominated by bacterial groups of many aerobic
or facultative anaerobic taxa, which were likely to be involved in aerobic degradation of organic substrates during
the ripening process, indicating that the microbial composition changed significantly during the ripening period.
In addition, the germination rate and oxygen consumption after ripening met the generally approved standard,
which emphasized that horse manure from retired racehorses can serve as a good microbial material for producing
high-quality composts in a space- and time-efficient way compared to other livestock manures. By reference to
these results, we plan to build a local platform to produce horse manure composts with scientifically proven values
toward the practical implementation.

Key words: Composting, Retired racehorses (Equine), Horse manure composting, Microbiota, Microbial
decomposition, Sustainable agriculture.
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BIE, HIER EONIE 77 A TH 5723, £ 30 41D 2050 FEI2IE 98 EANICR D LHEE SN TER Y,
AN OHEIN & B AR, & OIS MERIBIRALIC K D BREEMAIC L v, NEEFROLHENZELE-> T
% (BARER R OKE 2021) . AEOBEIZ 29 DETFIZHDN D NIE 2O 10 FI2hHn-> T
W5 ES o TS TidZewy, 2015 4FICEEY I v b T TR AT RERBIR O 729 D 2030 7 ¥V = > & |
B S, 2030 4F F T HEEZER D 72 D12 A AR B REMAIZELY LA TV D (I JAPAN SDGs Action
Platform) , ¥t FIREZRBAFE D72 D 2030 7 = &' | O ITFike I REZ2 HAZ (SDGs) 2it#k S T
BY,SDGs 1L 17 DI—/L & 169 DX —74 v EBFEIINTWND (UEA JAPAN SDGs Action Platform)
SDGs (28T 5 E¥IT No.15 © [Fe EEJR OB /NS E25FA 9 | 2 Fflie LT, No.13 O[5 H) ] |
No.12 @ T4PE - {4 | LB - T\ D (U544 TAPAN SDGs Action Platform) , 37725, Zhnb D
BRI OAE L HEBEICB O T, BUROEBEA X A V& KIEICRE L CTRBEZEN IR L2 bl
RNV F—H G LD, TNETICAR WA RERREL BN ERDH D, £72SDGs 77 v a v
772021 T, K0 AWERIZDIT/-EY R AL A ) _—v g VA B U RERKE R 2L T
W5 (U4 JAPAN SDGs Action Platform) , 2L H D HEEZZERKT D 72912, B HARKGE K O K H
ThHEBEOERZBIEL, 5FETY—XRR2h>b DIk LTlEZ RHLTE SAIH LTV
D, S OFHGERIZE R ICHENT CHEIEAICER Y M F RIX7e bW ENEEEO R WIEETH 5,

INFETORETE, IEELZEA U LZIERZZH L CER, EE0U VORI 512 X
STHEOERBLEHE, REVBEANAER > TS, BIE 20— E LT, EWNofR%E
REEL, 22Dk U THIMEZ T D MAEMEM OBRFEIBIT H LTV 5, AEMEM I AEm %
ETAIEEN THEEZKB LT, IEWOAEEZR ESE250THY, FICMAEYMEZ 2L E0FES
Pt oW B SR HEIE O F R HEER K STV D (RMOKFES 2021)

BEMH SN TWAESEHEOHEEIL, & LTHE K BodEtMHED L DN, FEl kot
JERFE S LTI EREGEDAEVE Vo EEA L TEY, FSEMEIC L > TEHERICEWVRLD
NHT=H CHE 2019), %% B 272 DICITFESEFEOE NS L8212 L <, #HT A2 1Em Dk
WEFCD, ez tFIEEE LTRiDBER S D, EEIEMICHWDFEEHNZ L - TH, HEEEK
SIEVHRAEL D (Bello et al. 2020) . fREMZRFE S OHILERE L EET 2MAEDIRE S ER-T
BY, FIIBEHONREN LB TIODOENOLERSINTWDER, 20 THLHE 1 HICEERTHL—
A AN EBHEOMILICEE L TWD, IKITEEEMW . A, H, & Wig 5 515,
W, GRS TWD, —F, BOBAITENEE, RE, HEO 3206750, BNMEITE
MBI LZE#EEZR LTS, P2 EES 2 BT, 0 k) RAEm#EES AT YA TV 5 )
0, ZOHOHEPARC MBI EET L EEZ LN,

ZORFEN 3 FHEOZEUNOE 4 OsEREIR E LT TRIEHEIE] 5, KX S5, 000 L4 1
WOV FEEEEINTEY, BELRBAOERIEIRL TV DEH, FESCHEBNEFICREN TH
578, 3 FOZFEIZHA_RFRERER L D70, BEHEORER S KIEIZD 220, £EOHEIER
EEZTOMEEIL 3 MOFEERES B -oTRY, BEBICERT 2MAEMNEENELICKE S BES L
TWADH, ZOENMEICET 25672 EIXIE L A EHEA TR (B 2016) |

B ORI TR A A REBERIC L DRI F R CRERWELZZT, 10 F27RH LIZBES 72
33, — B> s TIE T AEE I BRI AR S ATV, Z o it Tk RO O R EE TRB O/E T
NILTHFHIZANBEZONTEY, BN AT I EMOPEKREZIZI LD, ZiLE TORIK
7R HEMSH U C, BEERE O TR E RMBEIZ R > TV D, A% O itk o BE ER I 3R+
B DEENRAIR T, ZD7DIliEZ O OIEIENLETH S (N, 2021) , Eiiko—
SOBEBKRTH HEHEETIX 130 FHROAARDE] LbWVnbilTEY, R FESICL 2 ARt s
iz X2 BERA DB BREIFFICEA TW AR O —2>Th 2, L LRSS EEZD L, Z0OH
B CHEEINTT LVEEET IR A ADBEEET L E RV ES, BHETIL S<1bRE
IC AN EEAVETE L CWARD TENRHUK T, BIGEEZ H T THROEEE 2 K2 IZED T\ 5D,
BREEICBIT 2 EOFEBRIIT 1, 3578 TH H P (1B RESFER, 2020, personal communication) , FH XX
FERBFETTENDK 21%% 5, NS FHEHN A LN LR E >, F-ARICEBITS
ERAEL, BERIFAEARRICKCE 2 AL T, SMcFEITN 633t OEABEE I EHE ST
W5 AR OBWAFEITFEENRES (77 Ly b)) BERT, EFEE v ary, 70y O
JEEBIXIE & A SV, RAEFER OB D6 OB OIZNIS B ERNE TN TEY, Bk
FHEHOK 9 BIOBNEHAEFE L L TR SN, MNFESRERAEFTENTIEIZDO LS EL
LD THBEEMRICWIETT 21T, IBE L THLZR EITHAT L TW5d (185 R & PERE, 2020, personal
communication) , — 7 TI% JRA I[ZEBWTHHRBEERDOERE « RAESZ IR T 2 FEN ML, KB
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RCH I Tx U TR A 2 23 U CIRE KB 2 Blbh U 7o, 221, MiEEH clEsInTnb U~
WZHEB L, FERICHAT 2RO L IBBEEN EDOLIICEMTEZ 200, ZNH0E
A DTG L HEBEO R 2 BREMAY TEOBLEN DIRGEEIT 5 Z L I2 X o T, ko i
FIEOIIRE DS BICH WD &3, &EHICIE SDGs 727 v a v 77 O REEBICETLZ &%
HHOE LTWA,

FBEE ik

RITALER & M i 5t

EBRAE L L CHMEEFANOMBERIER CRHE L CWA YT 7 Ly MNlESEHOHES Az, 5
Sy DB # A 500g THOWV Y, BENTIRA LTz, £72BE# 1 8% 85C, 24 Frfiz/k S, HEHE
NHBEPFOKSEREZRD, BIEMOWNZOEEZIE Lz, WikiId L0 UDEEKRE (1217C, 20
) ATHEL, R LU T B Lz, +2I0iRA%,30COA ¥ o X—F —NITRFF L7z, 1 #HHH 7=
D 1~2 [BIOEIA T VIR L &2F70, 33 B RZk S w7,

HERE — A% Rl oy 1 A

BRHT% OHERIZB U C, HEIE— R R 21T > 72, K5y, K43, pH, EC (EXURER) , U A4S
&, VR, AR, AR HEIESEEEYSTE (BAR TS 2010 FEK) | ICH#ECES
ECHE Lz, ERaRERFERT MAREEE) Tk THIE LT,

R ORI 2 < F OFE 1% W T 5835 L R R W & CRVE 2 57 L 7=, BRI, e
A DOFRFRIT TRZE ST WO SERHE - I~ == 70 2004 (RAKEEINSHEFSR) |
ICHEL, BEMHEREIIa VR T A —CTHIE L, IbICHiineR, heid v U W agid THERsE
B ATIE (AR TS 2010 FER) | T, HIEFIZE EN D KIBEFES LORGEIZa Y 24—
27 EL-100 (R &4E7 7 7 b, W, BA) THHEER L7z, 2V ¥ — 272X 25HmIE, 10 %HEIRRR
B 5 5 ml A ERELL, 95 ml DEFEAIRAAR L IRA#, 2 U ¥ — 7 IZRYE, 37°C T 22 R &% O
BREL TRIGEREZ, SRS L7-FrO8 e a0/ R CRIGE ZHE LT (BE 1),

BB L OHENE DA Wy s fi T
O ALY DNA Ol

EE LT L2 B3RS LOHIREHIRIE T CICHERE L7206, v~V FEe—XT g v 7
— CHBME % Bl 4%, Lysis Solution F ISOFECAL, = v Ry » ¥— 2, WA, HA) 2L T65 CT 10
Sy E L=, 40 EL L 723K IC Purification Solution ISOFECAL) & 7 17 &2 7k )L A Z FhN U R4 3 0 4y
BiElZfit U7z 9K A 5 DNA % MPure Bacterial DNA Extraction Kit (MP Biomedicals, CA, USA)% T
FERLL 7=,

@ 16S-IRNA 51T A 7 7 U —OVERR & HILELS DO TE

B DNA 27 > 7L — R & L, 1st PCR ITIT Ist-515f MIX & 1st-806r MIX, 2nd PCR (2% 2ndF &
2ndR % 77 A ~=—IZH (F 1), 2-steptailed PCR IEIZ LV AHEH 16S rRNA EA5 1 & 5 16S rRNA
BETFO—lr AT 7TV =% LTz, 7477 U —H DK DNA OREHNIEIL Synergy H1
(BioTek Instruments, Inc., VT, USA) 35 X O QuantiFluor® dsDNA System % I\ TiT -7z, iR —
2 % —MiSeq (MiSeq Reagent Kit v3, Illumina Co. Ltd., CA, USA) % C,2x300bp X7 = N —
RO —4 v Z %47, 572U — K% Qiime 2 (ver. 2020. 8) 33 & U EzBioCloud (ChunLab £t) % ]
WTRHT LTz,

e

BRI T PR HER

SRR 2w LT, HEoREE AR CEEZE L, TORE, HEIREEE 8~13 HICH T TRIRE
DHBL U722, 2RI A L (K1) o SRIRE O & 3L IcHEIE A B b U, Bk stETe iz
ONTEDEFEASWITELS o7 (K1) .
— iRy DAL

FEHEHENEIC 31T DB ATE O —MRR D ZBILICHOWTEE L2 (32 2) » ZORSE, Bkic kv, K4y,
MUKy, ZFeE, VomeR 1) 2 AKER, W EEENEINL, HIKSIZE O TIT 5%HEMm L
T2o HPOETRERMETFT Lz, E-pHITRRIC L > TEA L2, L LEBERGEETIHIEE AL LS
{2372 o T,

F - OHEIE TIX, BHERROMEBENGBEORMEN S, 4 EEE U MR /0B 1T
L7z LHrcE7z (B3,
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I HIZIE, HEE S U TR T 2B O EPER A DIB ARG 2570, 2 ¥ —27 ZH\WTK
B EERS X ONKRIBHE O 21T - 70, H =% ORI AL U CRIBE BRI 0, SRR
(365 nm) I K DA TIIRGEIZEETLE 72 (BE1) .

HEMEARIC K D e e DR

WA — 7 =1 K D HEREAL R OAED w5 D28k 2 el L7 #E58,  HEARL O RiTE CRERIR A
M RE B L T (K2, K| 3), HERRLAT (M 2) OB ELGTRRE T, BEMEN KD
97.8 %, = — U HHIED 2.2 %% 5HTEY, MEF VL T, Firmicutes (37.0%) <> Bacteroidetes
(35.2%) DfhiiZ, Spirochaetes (7.0%) <> Verrucomicrobia (6.2%) M EZAHTH V ,Z O, Protobacteria
(3.9%) <> Actinobacteria (2.0%) , Tenericutes (1.5%) 7¢ E3 R &7z, FRICHFICESRWN ThH - -
Ruminococcaceae £, Lachnospiraceae £}, RF16 33 & NAC160630 7' /L —=7" (Bacteroidetes ['7) , EF436358
7' v—" (Verrucomicrobia F9) ,Treponema J& (Spirochaetaceae F}), Fibrobacter JE&IZ, W T HHEEE 72w
~ PN OESME CTH O, IBE N THkHE - IR DIGE N OBRSKIEBAICE 575 B 2 6T
Wb, —J7, Blitg OHEIE (X 3) TIXd M@ ISR S < 720, MEM L Tl Proteobacteria 73
3K L (38.2%), Bacteroidetes 13 27.3 %, Firmicutes 1% 9.1 %2 L=, MIEF - BRERICEH T 5
&, HERALATICER ThH > TMIE O <ITIHK L TR Y, b 0 IR 72 BRI S L 72 M 23
BEEL LTz, 2 1E, Bacteroidetes F9Cld, Ohtackwangia £ (Cytophagales H) <° Chitinophagaceae £}
(Sphinbacterales H) , Flavobacteriaceae F}72 E 23 HBL L, BABKHTIZKEVZ 72 RF16 X° AC160630 7' /L
— 7, Prevotella J@& I3 H & 4172 7>- 7=, Firmicutes 1<° Proteobacteria [ Cld, @EICHEE LIZBIT 2 F
F&EW 53 i~ B -3 & LTV % Planococcaceae FFS° Paenibacillaceae F}72 & D -5 2R AR B
(Bacillales H) /Lo —2E(LHEH & L THIH AL D Cellvibrionales H (Gammaproteobacteria ) <°
Devosia (Rhizobiales H) 723MEZEY L L Tk Y, BEAIORMERMER TR IXIE E A R S e

277,

B

HIERBUIC BT 25 B OBBRAEICB N T, FFICBRESH TIIASETRIEHLETCERICEHR LT,
FIRRERTL D AEPEZ B Z TODZRITITZ2 B 720, RIFZE TIT S Re g Kt & D kg AEPED X 2 A
B, TN DET N — AT EEE 2, FEARE TEICHIERA N FAICEE ST 2 51R
AR OFAMMEICE B LT, HRErEE A0 L7 MAEWEM OB O 7= O I 21T - 72,

XU DIC, s L BEAENICE U CHEIRR R E A 1T o 7o, IERL R DR, U VB, 7 O
i, oS 3 mofh T4 FEILF) OHEEL WD EEZ R L2 D CHE 2019) , HEE
5y ORLEE, THALEEE & AEDES KOO BN RN L AVRIR I e, HEhozEFERE Y o
BD LD KER I IIAEY K TH 5728 (Chang and Yang 2009) , Bkt DEFE, U U RICEBIT 55k
EO LT, BEAHERCEENIMEDOEMCEIVELTZE NS, BARIZ L > TRFBENDEKF LT
HRRR 72 IRFBEBER (20~25) 1TE DWW, R EmOMINE | Treponema JEMEE 75 & OB WHEIHE D fEMED
WA RS TNDE D EEZBND, ETIRKOKIEZREMCEDL T, BEXUEEEN EH L
RODIE, BRBA A AT, AEESRE L L THBEBMSOMAMBENICHFIEL TnD 720 Ll s
%o IR BENEE DS EHEAEIZE EN DR S KREROLEIL, B 1t b7V, 255 Skg, U Bk Skg, I
U 3kg IZ272 D0, FESAHEIROEE, & EN TV EmMEFEIRE & FERICZ < i Tid vz
D, EMBRRIN L CHHTE 2HE, T2bbENEZE U CHM D REICHE L T LIEEEZ1T
VERDH D, S OIS REERY G &0 AR THHIMBEE R L BIFROMEND, EBRIIF I
TTIERPEIT L TN Z LV L7z, HERERR P OIME S HERWEIV IR LIZE > T, 1 7~ AR
BECHENETE 5720, BEAMHIEE U CHWDERITEIR OB T, ZRAITAH TR A4
A[RETCH D LB x b, AhldldE U7 B3EHEARIE, BRRRTE & KRGO TR o723, Sk 0
1% BHCR TIT A IXSCENR /G T E 5,

WIZHEREAL AR ORI E 75 2 e 3 5 &, HER(L AT FEIZE £ 5 BBICHATET S W 5 2
Fit Tod o oy, AL LA B O 4F VTR % & T Proteobacteria (7 /v 7 7, U v) R
Actinobacteria 2MEZZ72 Y, RFEEFIH U CHEM DR ZAT O ME N ER E 72 o 70, BARE O 5 FEHE
JED 15.3% % 5 8 T 7z Cytophagaceae 1%, ZHEFHL X NV Bl D@y +a kL, Frlic R EE
N —ADGRRIZEE L TnD Z ENHE SN TEY (McBride et al, 2014) , $EAE{LAT & % Tk, Y
PEMEHME S FR I B D DR 1T e > TWe 2 AV L 72,

KA OMEEILIEOEHANOME# %2 K& < XKWL T Y, Firmicutes, Bacteroidetes,
Proteobacteria, Fibrobacteres, Actinobacteria, Spirochaetes 72 &4 (B&E:4:) O/L— A 2% < B 55 M
P2 SR TR & (McSweeney and Mackie 2012, Nyonyo et al. 2013, Bello et al. 2020) , 4% % 724
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HR DL P A 53R L (Boutard et al. 2014) , FofREEY & U CRIGBNIEE 2 A pl T 2 B M E R B %
1T O MEIC K VR SN TV, FrICA RIS EEN L mWEIG TR S Ve Treponema JEMIE L, Fov
— A HRD Treponema bryantii (32 /v v — X553 fRVEARE Fibrobacter succinogenes & A HAFH L CTHEW
PEHEDIH{b % D (Stanton and Canale-Parola 1980) , Treponema saccharophilum 3= F > % 734 %
(Liuetal.2014) 72 &, ZHOBELMEICKE S BEE L TWD ZENHESINTWDLZ EnD, BENLOHK
i Z V72 Treponema JBAMTH & AEMPERRKE D S5 fi# I B > T D AIREMEIX @\, Treponema JEFIEH X, HT
BN R DB L Z TR T <, BIBBER R ETIIMmH NN EnZ N2 Linn, 4%
BRI LR OMBENAENRKRESEREL VWD LD EEZLND (BT

TERDIRRE DS BAF 72 5 SR D 3IT L O ME 12 K D B EMRHER B 0 MR PEY) C b D iR, © 4
2, TR BEEEEICEL 0D, HEIZK T DRI E Y R (B OIEESCIERN A
ST DOAERITEE LTV D ATREMED VY, HEED IR TR R ANER S D 2 & BZ VD, I
DOWFFEHE TIL, MEHOT I /O X 5 R ARERELZERTE L THREL TV Z ERMBH S
TV % (Ichihashietal. 2020) , HIEREIEL COML TIX, BAEVOIEFHRITHERIZ BT 2 REMREER (&<
(27U — 2 =R ) I B o TE Y (Maillard et al. 2020) , KR OMEEZ 11, ARER, K5z
FF 2720121, B COMED A 4~ ZADOROMEER LT & @i T2 (Liangetal. 2019)
X 51T 2022 40D EU TOFHNERHEDRATIZ Y, SA A AT 4 2T 2 MOMAEWEM OB N2
IZHEA TR Y, ME TIX Bacillus JEANE OIEH D2 < #E STV 5 (Azizoglu 2019, Sun et al. 2020,
Winetal. 2019) , Zh b OFERIIES-CHITEEN A 2 B £ 2 703 5, RHIFAE 2 U 7Rk 22 BB R 42
MDD REBLOT-OIZ, 5%, HOGNHIE O 2 FihitED 5 & & bIC, Frll7REEa14E O TeelE
LRRF L TV FETH D,

Eir3

KRBT THICHZY, BELEM L THEHWZPESK (NPO EA HEREER) , 26 NS
(BT BIREVAR & ZHEZ2TEW EHEERENK (0B TT=<b7 )=y 7)) ICE#HF L ETE
T, EmEBRICET 7T — 2R, mERSERREEOR NI ERICBMEEIZRD L, LXKV
RHALZ R L RIFE T, 3B ORI, MEDE BRI I ED A, — MR R | LB R BRI 1
WFZERTICIE 2 E L E Lz, SIGEES E LEHYEFOHF LI 05EM Y THELBR L BT E9,

ARWFGRIE, B RPN 7 — TR (262C1114 2T F 7 VLS 2 B 45 L - HE R s
BRBAFIC BT 2IME O&E) ICX v ELE L,

51 A TR

wEE AR R OE 2021

https://www.stat.go.jp/data/sekai/0116.html  (43F13 4= 6 A 24 HEIE)

V#5448 JAPAN SDGs Action Platform.

https://www.mofa.go.jp/mofaj/gaiko/oda/sdgs/about/index.html  (45F13 4= 5 H 8 H M%)
https://www.mofa.go.jp/mofaj/gaiko/oda/sdgs/pdf/SDGs_pamphlet.pdf (5313 46 A 24 H M%)
https://www.mofa.go.jp/mofaj/gaiko/oda/sdgs/pdf/SDGs_Action Plan 2021.pdf (53F13 46 H 24 HFIE)
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IstPCR
TIA~—4 K5 (53"
1s6:515EMIX ACACTCTTTCCCTACACGACGCTCTTCCGATCT-NNNNN-
GTGCCAGCMGCCGCGGTAA
156-806:-MIX GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT-NNNNN-

GGACTACHVGGGTWTCTAAT

* 0-5 MDA DR EDT U LWHINEASWIRET 7 A ~—2zf#H]

2nd PCR

TIA~—4 K& (5°—3°)

odE AATGATACGGCGACCACCGAGATCTACAC-GTAAGGAG-
ACACTCTTTCCCTACACGACGC

ondR CAAGCAGAAGACGGCATACGAGAT-GCGCATTA-

GTGACTGGAGTTCAGACGTGTG

K2 FARRATE USSR O IR DR 2 L

X E s
- . AT s
(BRAER) (& THE)
HEfE HEME A fE

K53 (YeBiH) 69.0 714 103
HUKSY (YoHZ) 11.5 16.5 143
pH 6.7 7.6
EC (mS/cm) 22 2.1
EREE (YH) 1.1 1.6 145
U R (%) 1.1 1.7 155
71 ) A (%RH) 0.8 1.1 138
TR (%RZH) 0.6 09 150
AR (%) 04 0.5 125
fR#EFR (CN Eb) 39.9 274

k  FRRHMENZRSRTORIE A 100 & L7z & EOEIIEIEG 2R LT,
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FEEEE (%) 99
FRFRHE & (1 g/g/min) 22

1 SSEEHECRRIH P ORREZEA b
SRIREOHBDZ DIV &2 RHITTORL T 5.
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THE 1 PSRRI E D REGFERERS L OKRIGRE ORI,

KIGERER L OKRIBE OB HIZ = U #—2 EL-100 % VW CiTo 7=, Bk L7-HE

NED BB BRI 2 i, 37°CC 22 BEIEEE L= & & OEEEROB b AT~
FEVIRERRL ORERRIR A, 13 365 nm FEHZ LA ik 2 LA,
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Exploration for black-koji mold that can potentially acidify soil

TARR 1! Ml B2 1JE R
Yuko CHIGIRA!  Tadashi YOKOYAMA?  Youhei YAMAGATA **

EE . BRI, TR OREE A SN AR T T UBRAEERED O BN WD, EERO g
RS L7 EE o 0 DR I S BBRET D 7201iE, HEARRMEIC U Cid e v w A% ek 1
MO S DB DD, AWTETIE, HIRFADOFEND DR oM a5 Z LB TH Y, ot
DEROGHFRZ AR L 5 5B RIS L, i HEZBIHME T2 2 82 BN E LTWD, 98
AMFITHTA 2V E SR OREE I Z b5 b D L LTa by vra v L QW Aspergillus luchuensis NFONZ
A.niger ZHUFL, ZIVH DN ORAEPERRATEERI RO L 21T o T, [EIRREEE, WRIARREREIEI CRIFFAIIC
FEDEFEZ I, HHRAIRAIEE DRI -7 6 MRA GRS L GEIRLT-, S 618, AHoEEROKIEEZBE L
KR CHAE « BAEED TX DROBRREAT T2, BEANGET OEFRIREZ T T <, [RREERIZBWTHEE
PEEEE < > OB 2B EFERE D A, luchuensis RIB2503 ¥RZGRiRRE L=, F72, Z OFEMIEIMRO R
& LU U CRRAEPERE DS S W B 2 B ST B 70, 7 = U RAPEICBR T i 5 - OB R b IR
BIE U7z, iR ClE o = U BB g OIS E S RFRGE & 32 EH35 2 RS, AEER L7 A
Iuchuensis RIB2503 #EME B O HEOFAITE M7e, HlEEIIIC O > T EPEN AIRERR ChH D Z L AVR
NI,

X—U— N 7o B, HEGY, SR T A,

Abstract: The black-koji mold produces a large amount of citric acid during the fermentation process of awamori, a traditional
distilled spirit in the Ryukyu islands. Meanwhile, to remove the radioactive cesium from soil in Fukushima by plant, it is
suggested that the acidification of the soil is important for releasing the radioactive cesium from soil particle. Our purpose is
efficient acidification of the soil using the black-koji mold which is safe for natural environment. We selected 6 strong-acid-
producing black-koji strains from the National Research Institute of Brewing collection of Aspergillus luchuensis and A. niger
separated from awamori-koji, using the acid-producing ability as an index. Finally, we selected 4. luchuensis RIB2503, because
the growth ability of the strain at lower temperature could make it possible to endure the winter cold at Fukushima in Tohoku
region. The strain indicated the significant and maintained acid-producing ability in solid-state culture growth not only regular
temperature but also low temperature. Furthermore, gene expressed analysis of the strain indicated that only the citrate synthase
gene transcription of the strain increased with culture time. These results suggest that A. luchuensis RIB2503 strain would be
sustainable strain producing the citrate acid and ideal for efficient acidification of the soil, leading to the regeneration of the
Fukushima’s soil.

Key words: Aspergillus luchuensis, Citric acid, Radioactive cesium, Soil contamination,

s

HHARKRESIZRT 2 B R R PREITOFMIZ LY, ORI EE v o LK
BIREROBMICREY EE, g RO 5z 5 X2 Lz (71, 2021),, Al o 23388k
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A& LTt o 23, HEEARE T2 2 &L R AME TS 2 Z 3 S g (LD, 2013), %
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IWSEA Y T AEE YT AOTEREYR COFMIELL L TN D Z EITEE L, HORR AT HAREA:
WA 2 W U TR R OB U O DR AL S5 U U BRI & RERE A A A, BN D
DFEHEE 7 LOBREONE LR D WREL, BRIAEY) & BIEERECD U ¥ ZRfEIE O A A Y
TR ~DORGHEE > AOBATHERT 5 2 & &R Lz (iU 15,2017 ; Djedidietal., 2014 ; 2015 ; 2016), —/7,
FHETOE HILEOX /) 2 (BT ORI ST AD TN S X ) a~OBITREDE LV 100~1,000
Fhm BB, 1994), F-F#d%, BEEREJINAT 22 B 154 HOx ) aMRREIN, I LT AT
15,000 ByKg Dt > w7 AOZFEN A &7z (Nakashima et al., 2015), %/ 2ADE 1> = UEEEZ T
RINZIPWA 5 Z EREHITERY, THECEE SNt T 2% v 2 U TR b L, THERIERR L
TR SRR > TR D 2. 5 Z EDVRESILD, 7o, EH DITX A AOMRIC IR 2 HefE, BYex
oL, BEPEE ST AORASOERENEEFEL Y 2 LRSI 22 L4 R L7 (Haidarietal, 2017), —
75, ZOOMIRE 2 O TAE-RIREREERIC L, BREM A~ T AOBITRN ED X D IE
LT DNIARATH 5,

AHFE CIEHEONRN7 2L 2 X 5 728, EMTHHRIEE R Uiz, BRI < DA 28R
R EH, I CrHdERERdh & LT ORI SN TWA e Y, BHICHA T 5 H 42 EE L THIEFITL
AR (Machida etal,, 2008 ; [LIH,2012), F7z, ZFEZARRBEOHTTY, JEFEHORSEIEH I 55
BEREI IR T U RAEPERE A R DTN DAL CN D, — 5, Aspergillusniger & 27 T U TRAERER & L THILIL TS
0, F—u v XERLNIESHRICHNLITNDN, 38D A niger TII~A 2 FFT U OEELHRESNT
V% (Showetal,2015), LARIIZE A. luchuensis 1% A. niger FEO—HEE Z HIVTUNZD, 2016 FIZT 7 LMD
FERSHIST LRI L U CGRE Sz (Yamadaetal.,2016), LU, BEEBISGCIE A luchuensis 7217 C72< A.
niger HIRAEL TRV, FRERASUIEIT CIL IS ZaBbER oSS REb A RIREE LTatrva v LTy
B TIUDHOBAERCRINEZ HRICT XAR, ZOEBICE > CULEFAD R Z R Bt T 25T, K
Pl o AERMI I SH 5 Z LI L HENDRETE D0 TRV N E X T2, 2 CIER AT
BT DI ORI B 2 5RIRE 4. luchuensis WNZ, A. niger #EUSL, OO LERAEREZ FElE
\HROBR 2T o T2,

PRk e ik
1. AR
EHERITE 1 IORLE,

2. [ERERIC T DI 2 FRIE & LT pikoDEER

(1) AT IRER O

FNENOFEE FE 1) 287 b - F¥A hr—2 (PD) R (AR hr - T o uvFr vy B,
Tokyo, Japan) {ZHEBG L, 7 HI#, 30°C TEFE L7, 4EF% 0.01% Tween20 ZETelE/K C~T ZAfi- Cla]
WL, HAEFERRSET, ZOREI%Z 70 um EASY strainer ((F) 77 A F—+ V¥ /<, Tokyo, Japan) [
LT 50mL NmLT o — 72BN LT, [BUY U704 ARk 2 28R, 1,610g C 5 mfftmo L, bk
TEEFRE LT SmL OEEAKICERE L7-t%, TSR, 1,610g T 5 oo l, A& 1 mL OREKIZER
WL, &I a TR L7z,

2) EAEFRIZIT DKFEA A IRE (pH) ORIE

INESTE 6g, K 42g ZIKBAL, A— M7 L—7WE LI b D&/ NEST ML L-, /INESTE
BEHZ ERE AR IR A AT 1 X108 B0 240 LT, 15°C, 30°C THERL, 12 WHEC & ITHEY
ZRA LT, 2 BREIEIT 3 AR L2, 15mL @ 0.01% Tween 20 AKIRIEAEHNINZ, X <HHRLE
%, 72782 (Merck KGaA, Darmstadt, Germany) % U T W HilH A (B0 L7z, [EIR L 7=filitigo> pH
ZRIE LT,

3. FERFEHUZ T HIAERRE A TRIE & LT BkkosEk

0.01% AF /L R&EgTe PD Hi#th (1% ATV R ) —)VIRSRERFHIC 1% 3§, 1M Kigbr
MU ACTHEALZTEE) ZERL, FRLoFETHRE LU caAHRERE v, 7L— b7z b 1X10° E
DI IR L, 30C T 4 B L,

4, TRIREERIZRT DI EFERE A HRIE & L 7= Rtk
FEEOFETCIRRL U - AR a AV, 1X107 fB/mL & 722 X 912004 1% YPD B (1% BERE— %
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A, 1% TR, 1% Zva—R) (THEE Lz, 30°C CIREESRZITV, BREICEZE HiEO pH Z2HIE L
77

5. JEREHAE T ARIERGE ATREZL BRR O TSR

FREDOFETEML L7342, — Dy v —L &7 500 BRI & 725 K5I E itz PD JERE:
HIZHEDIRT, 15C, 11°C, 10C TORREITVRRHNC 2 n =—DOFIEEHER LT, £/, Hbhican=—
(DN TS O A SRR T ORERE L7

6. RGBT 5 7 = LA e B s - O BT

(1) EMREEEEAR) SO h—4 /L RNA il

R L-58RIeTr=Frrah—ARx— bk (DEPC) [Z TR L7 KEHWTRR L7, BRo kg
STEEHOTZEREFRZIT, ZOREY A 125¢ FFREL, RIRER THOETHSLE I THHRL, 50C (12
{R87- Sepasol-RNA 1 SuperG (747 A7 A7, Tokyo, Japan) 10mL (ZX<BREBLT-, IHIZ 2mL O/ rn
RIVEEINZBHELTZ1%, 4C, 7,500g (2T 15 sfEhimi L, [FRRCEES L7 2 AyoKEEfCrEI Lz,
BT C7 = /=7 madiV L, A Y7 aoR ) — WA ) h—%)L RNA 2 EtitEa s, ik 2
mL @O 25M 77 = F AT U (GuSCN) (TR L, S5HIZ 100uL D 2-A/VH 7 vk ) —/L (2-Me),
10mL @ 4M ¥tV F 7L (LIC) Zhz 4C T BEfHE L7z, Zha 4°C, 500g (2T 5 it L,
Hif 2mL % 4°C, 11,000g (27T 90 sfifzls, #3572 R S 52 500 ub @ 5 M GuSCN [T L,
50 uL @ 2-Me, 2mL @ 4 M LiCl #1512 4°C, 11,000g (12T 60 mfbmiaiT-o7-, Sbni-itEz 5
mL @ 10mM bV A§E@EHE (1 mMEDTA, 0.1% SDS &) \Z&fEL, 7=/ —/Z7aai/Vafht, 7aok
JVINA YT VT v m— U, e TA Y T a R ) — VI ATV b — 4L RNA & LT,

Q) FHE5 - O EHET

#EVNT, DNasel (¥ 17344 (#F), Kusatsu, Japan) % T DNA OESISEATV, 7= /—/W/7 a0
VL, A 7o) —)LikBad#, Prime Script 11 1st strand cDNA Synthesis Kit (%4734 4 (#8)) % H
T cDNA BRE T Tz, Kdin - OIEEMTIZIE, TB Green Premix Ex Tag I (TliRNaseHPlus, 4 715 /54 4

(BR)) ZfEH L, Mx3005 Real-Time QPCR System MxPro Software version 4.10 (Agilent Technologies, Santa Clara,
CA, USA) TYU T /WX A L gPCR &1ToT-, FHTHIEISFIXERIETH D ACt RV, NTAF—E S
WL ChD BT 7FraEa— Rl TS actd & /) —~T7A4 =L LTHW, BEMHTIHOTB G 71,
J T UPBEFEICB T A —F NI ETHL EWMESN TV AIERD ) 2 g N TV AR—4—Th b
AlcexA, X bay RYTEIAHEST DV U T 2 AR—2— Alepd, AlyhmA 7 = FRERIEHETH D Alcitd,
AlcitB D 5 DB T-ZFR L7z (Kadookaetal., 2020), 723fHTIZHVZ PCR 7T A ~—%%K 2 (TR,

iR

1. FRAPERED R AR Dk

[EARRHIC 3 AREEE L-BRoRitiko pH 2K 1 (R L7z, No.9, No.29, No.30, No.31, No.32, No.33
RO M & Fe~TEW pH Z7R L2, £72 No. 18 BROFIHES Z U HI W TR pH 2R LTz, £
LISMT, 3 BEOEZET pH6 fHIECTERT 52 EBNHLNE ol 2T, ZRHOKEEIREHT 2 H
F71F 3 AfEEE L-BRoRomHRO pH 2 L7z (X2), ZoOR, HEPICTSADREROREMEEE
LT, A niger ZHBRLTz, ZOFERE, No.9, No. 18 #kD pH 2357 2 H%, 3 HZIRANZ &2 L)
Llpolz, F7z, No.9 BRIZHOWTIE 7 AfEEEO pH bHEIE L7225, pH6.S £ TEA LTV,

— 7, FERFEHICO ATV Uy ROZAI L DIRAFEREDMERZAT S TR 3 Thd, ZORERDBI,
No.9, No. 18 #kLIZMD No.2, No.7, No. 11, No. 18, No.38 ¥Rk CTH AT /L v RORS BB LI-Z L0, &
REEFHCHRROAEEIMTOND Z LDV RSN,

7o, EREEERIIREECHE L CEROEBT 2T 52 EOMERH Y, SMENEMECH S0, T
\CREIZHAT 5 2 & &5 2 5 LIRIRE: R CRBROBRAEN FIRECHIUT LV IFE LB X T-, 22T, [k
B CIER SNTRIC DU THRIREE R CRRAPERE AT LT, ZOORER, No. 9 FRIZIWTERE | HigE 2 H
%13 pH4~45 FLEEIC FAS-7275, K538 3 BT pH 28 6 ik © LA Z LavRaEns-,

2. [EIRREEE ATRE e A OYESR L IE(L
— IR IA~T 0 RS CTH DA E L, IOLRAEERMEEZRIE L L ORI I ENTE D%
oz aiemfREMENE 2 bhd (B E 1985), 2T, [EAREEEERIZBWCERAEPEREDE D> T2 No. 9, No. 29,
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No.30, No.31, No.32, No.33 Bk ETZEULL, —DD5EF0b—2Dan =—NER SN DL
TEFERIEH FICE, 2O DGR T Can =—2 kT 2 EROMIb A7, ) 1 7 AfER-S L 15T
TEHD 71 =—DEEAER TE 7203, No.32 FECIIOAETINNE L A ETRR SN2 o Tz, [ARkOFER%E 10C
TITo7el 2A, 1 7 AR THRETOKRTan =—DI»MEIEL SV > 7228, 11C THRLIZEZA, 1 »
A, EFITNSan =—RNETORTIERSN, ZhbDan =—2 s CHIEZ L7-#5% No.9, No. 30,
No.31 & No.33 HRIZEWTOT DN BOAEFERIHER S, 260 4 BT 11C WO {RE M2 T
ABARETHD Z EDVRENTZ, L Lands, (KB CHEESHUT KL, &) TRUOREDIREAE— K%
FEREEMNT T 11°C TAEB SEHGT LSRR, Btk e L OGBIR LI 6 BRFhbidan=—nDKkE
SRCFYATFIEE T COBIENIBIT D00 EFERLE TO AT B 2R ORI RV S -7z,

EBIZINDG 6 Kk 15C (128 DIEIAEE COBEEREZ SRR L7, fERAX 4 (O, B% 3 At
TIE EORRIZBWT B FICERIT BRI CIHEFITOT O LOWER TE T, RO pH O F/REN720->
Too W58 7 HARENSESRNBRATREL 20, FAUT E- TETOT pH OIXFOMBRZR SR, 14 B
PIBSIIRRIC & o THEASHITZ, No. 9 BRLIZR Tl pH 23 EH L7278, No. 9 FRICEAL Tix 21 A% THIL pH %
~LT,

PILEDZ EnD, BEUREERIZIRWO TR FEERED ) 72 6 BRIZEBUW T, No.9 MIMRIETHAEE Lk ofth
D 5 BRI REEOBEFENTTRETH D Z EAVREIN- b OO, KR TERT HMbika ik 5 £ Tlaix
B0 T,

3. No.9 BROMEAPERTHEE A D &

BER ST BHE No. 9 BROMBLOERE & bl UC, BeAerERE R <, RV pH ZHERFCE 2, ZOFKEZH G
T D720, BERMICRED BB T OEG AT 2 Z & & L, *RE L THEIREEE CIZE A LB Z AR L
720 No. 5 KK, K 2 AT No. 9 Bk & FIFBEDBARMN FTRETH DI HLEP BT, 3 BT, BoE
FEHEMH L7z No. 2 #RE W, ZO/RRAER 5 1ORT, 7= P REb A BRI AT 5 7 = Uk
NIV AR—=F —%a3— RT 5 Alcexd DEEFIE, 48 WHHITIEL No. 9 DM B iV MBI HALT28, 64 REfH]
TIE, No.9 BkE No.2 BRCIIENR D -7, —F7, No.5 #TlY, WInoE BV TEH No.2 £8, No.9
FRE VB L~ MEFZVR SV, [FRRIC S by RU TRICAHEL, Mg L R har R 707 —
RN T VAR—H —%a— T2 Aleptd (BT 48 FEETTIX No. 9 B E B A2 7R L7203 64 I
MCitho 2 BREFEEN2D -T2, FLL, T har RITOI U@ NI AR—F—%ha— K5
AlyhmA ClX, FAEHR A8 U TR L 7= 2 COICE BZEN e o T, 2 DD U = U EIEFRIRIA 1 Alcitd
KON AleitB \[ZBIL T, 3 BRE D, Alcitd D 110 FREOHEER LAvRE T, 0o, FHECHEZEIT )07,
—7, AlcitA (23T 48 B ClIREE COEE L~ L COF BT RSN T H D0 64 Rz TIE
No.9 HROAMRFEFREIE T ORVEEG LV R LTz, ZHHDZ E0vs, No.9 FEOFEGREEIDMERHE, b
T U AR=Z—DEFR FIC LD DO TRL, 7 T URA IR OIEG ORI L 5 b D TH H Z L HVRE S,
No. 9 ¥RIZZ = U ERERRIER DEFEZ {95 Z & C, otk L W BRI O DB AIREL 7> TV D H D
LEZ LN,

£ 3

TREBEEIC W B CO D880 D S - 38 FEEED Aspergillus JED 7> SRR EFERE A FRIEICIRR 21T -
7oA, 1 BRD A luchuensis RIB2503 (No.9 #) & 5 ¥ED 4. niger (RIB2621, RIB2622, RIB2632, RIB2641,
RIB2643 ; =124, No.29, No.30, No.31, No.32, No.33) 2MEffikkE LB, Aspergillus JBIY, BEis
FDFEE NS — L ROBESREPERE TR & DN BB TR % U7 R L IRIAREF I CREE LT PR CIT e B 5 2 & v
H5NTEY (Odaetal, 2006), LS AFBRENY, BAEENERA CRZSNTRY, KENEZFHRE
I\ AHE STUDIRIREER LD, IR & SRR DRI ZEAMFES 2 BRI W A E STz, £ 2 T4
D Aspergillus JEDFRERREZ M IMGETT DB, BARRHICRETT 2139 2324 L& R, /INEST E A
HADEE LT,

FALH S CTH HEBROBR A BB L T, Rtk DGR T L B EFEN FTRE R R OBRR 21T o T2,
WO 100C CTIIEBDBIELTET, A luchuensis RIB2503 & A. niger RIB2622, RIB2632, RIB2643
DERRDOIIN 11°C TIEFIZDH> < D THHDDBEROEE LTI 72 OB AN ARETH T~ F7-
15°C CTO/NESTERHNTIST DEAPEREIY, A luchuensis RIB2503 #ROMUD A. niger, 5 #RE HE L THEN
TN ZEDVRENT, ZOBAFERRITHEROMERMOR S EXE LT 5 EB 2 bz, BREEISE s+
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ITFET D5 T CAERRZITV Y, SREDHEE LI 5 LB RRIT CE R R 12T 5, Tz, Wt
FROBEIREFEDVERIRE L VRN EAVREN TS, ZHUS, BFEH072540 T, bR, 7 = &Rl
BEOBE 8L, EPESNT 7 T U BROFERIFINVE U202 Th D (BT, 1963) . A. lichuensis RIB2503 KR4
38 BROFTHEIREEESM FICBWTHERID > < 0 EAEF L, ETORRROMBO R & ol UCGRIE L7z,
S HITIRIRSE FOEAEFRIZIBNTHIBK LIZ 5 RO A niger &HEZL THRb P> D & LIZERAR &5
A A R Uiz, £72, A luchuensisRIB2503 BRIZIEW T HIBH S FORIAEE 6 B TIE, DAEFERN
W2 pH 23 EF- Uiz, LLEOFEREDD, A luchuensis RIB2503 k& EIAERICIVNTIE, ARGl L T
ZBAEDTION, BESRERMMELL U BT RICRA TS 5 L BEOAFEIME T 5 LHEIS V-, 370 b,
FENCOTz o TREFERA TR 7201213, BRIEED 72 D X BV A0 Y CTh b L B2 bivd,
P EORERERE 2 7= ETHRLNTZ 6 Bk o b, MRIIR 22280, d70bb~A 2 by OAFERTREN 2
EHEE LT A luchuensis RIB2503 %R L7, AEE, 10°C LT CIIEPRORESHER IR0 o T8, %+
DORAETIT 4C HDHVNE -80°C THRE SIITEY, AT BRIEESCER O L TR H D Z Enb, &
ZRCHEREDHGET D72 EORIE 7o THOEFIIRET DREN 2 Kb T, HE20Z2 5 L HFOE TRk
FL, AL B2 b,

EB6IZ, BRUTZ A luchuensis RIB2503 #&73, 7287 UG ZMOEM L 0 BRI - > TAIRETH S
DOPEHR LT BT20IZ, 7 = U RERICED DBIn T ORBIE AT Uz, SISk, EAROREHRE)
FRRECHDL L, 7o UBRAERDPEREERMIC L TRARD ZLEEFE L TR L, ZhE THBR
Aspergillus luchuensis mut. kawachi 27 T TEGHGROMNTING 7 = WA MRONHEN 5 7 = g s 7 o AR
— R =T T UREFEOSETH Y, T DOBEIL % A oryzae \TBANT DI LT A oryzae DU U BREFEREE A E
EHND Z LML SN TS (Nakamura etal,, 2021), 64 BEOD 7 =24 b T LV AR—H — AlepAd DEEET,
B8 2 HEEE T T UBRARSTTREYS A luchuensis RIB2005 (No.2) ¥kE A. luchuensis RIB2503 ¥R CIHIEREED
LYV Tho 22 Lk, 7 T U FRORINEAN~ORREREIZEN 3 BHED Y = U BRAFERED 2425 EEZ LTV
HElL, BrRohRpole, ZHUIK LT, 7 UBREREER Alcitd DEEFETIE, B 68 FilckiT 5 4.
luchuensis RIB2503 FROERE L~YLAMiLOD 2 #EE U L CHEIZEW D EAVRENTZZ Evn, 7 = BROHEH
2B B 7 U WE 2 LN B 2 — R AR R OIEGEIIIR X 0 bh 72 <, 7 U BBERREDHON
HRESN CO D AREMEI VR ST, 7 T UBRARIE, TCA YA 7 NV ARHB S X O 7 = U AT Hd 7=
W, 53727 EF L CoA & AX I uFfROMIEANETH S, TET /L CoA OFNRMFEDT-DITIE, 7V
aO—ADHIEIINE T D, HHSHEHRRD A. luchuensis RIB2005 (No.2) BRE A luchuensis RIB2051 (No.5) ¥kT
X, 7N a—AOMENFT LTI 2b &7 T UBENIME T T2 EEZHIVDN, A luchuensis RIB2503 £
TlE, [ USREEREE OOk & Le N TREDNEN=, Feo7e /L a—AWMFHET ok L © DB
DDINA—AEELLTHEL TN EEZX LI, EOHF TRV IAATEDED 7V a—2 %R L ChEr
(27 TR AEPET D 2 L INATRERE RV E U TS DD LRV, DE Y, HERAR COFENRELND
TRBRBETCY A luchuensis RIB2503 #RIF D - < 1 Ll L7ais HERAR Aot CX AEE CTH D Z LAVRIE SN,
AMFGEUZ TN TR ST A, luchuensis RIB2503 FRAME 5 LD BN 35\ TR 7 DO L A FTREIC
L, #ZI0< FEE ST B M 7 AOBREICEHNCX A REMNR H 5 Lk LT,

B
AWFFEZATH BT, WERERT LY Vg a2 LT ES S TN TBUE NEER A TFEIT ORGHTH L
\ij_o
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1 ABFFEUT VTR,

R A R =

1 A. luchuensis RIB2004 20 A. niger RIB1061
2 A. luchuensis RIB2005 21 A. niger RIB1062
3 A. luchuensis RIB2016 22 A. niger RIB2002
4 A. luchuensis RIB2019 23 A. niger RIB2014
5 A. luchuensis RIB2051 24 A. niger RIB2015
6 A. luchuensis RIB2061 25 A. niger RIB2064
7 A. luchuensis RIB2501 26 A. niger RIB2602
8 A. luchuensis RIB2502 27 A. niger RIB2603
9 A. luchuensis RIB2503 28 A. niger RIB2611
10 A. luchuensis RIB2505 29 A. niger RIB2621
11 A. luchuensis RIB2506 30 A. niger RIB2622
12 A. luchuensis RIB2601 31 A. niger RIB2632
13 A. luchuensis RIB2604 32 A. niger RIB2641
14 A. luchuensis RIB2605 33 A. niger RIB2643
15 A. luchuensis RIB2642 34 A. niger RIB2802
16 A. luchuensis K7 35 A. niger RIB2803
17 A. luchuensis K49 36 A. niger RIB2804
18 A. luchuensis K53 37 A. niger RIB2805
19 A. luchuensis K54 38 A. kawachi SC6
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6.0
5.0
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2.0
1.0
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THEDORRMEAL AN AT RE 722 BRI D IR

%2 FEBURNTIZTZ PCR 7T A ~—.

7T A = —DLFR

T°F A < — D HFF|

Al-cexA-Fw 5’-gacttactttcctgggcaatgge-3’
Al-cexA-Rv 5’-cggtaaggcggtggttgtaate-3°
Al-ctpA-Fw 5’-gecgttactccatttgagagceate-3°
Al-ctpA-Rv 5’ -gggacgaagccttgaaagaaac-3’
Al-yhmA-Fw 5’-gttgccattcgecagaccac-3°
Al-yhmA-Rv 5’-gagagaccaccaccgagaccg-3’
Al-citA-Fw 5’-aggaatgcgggagattggto-3’
Al-citA-Rv 5’-gtcagttcgtccagcatctcge-3°
Al-citB-Fw 5’-ctgctaaaggtggcgtttgagg-3°
Al-citB-Rv 5’-cggcagaataaactcagtcggg-3’
Ao-actA-5int-RT-F 5’-tcatgaagtgtgatgttgatgtcc-3°
An-actA-Rv 5’-ggaagaaggagcaagagcagtg-3’
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X5 No2 #£ No.5 ¥k, No.9 ¥EOD/NF5TFhEEP D7 = AR D18 s - O R BURT.

A : Alcexd, B : AlepA, C : AlvhmA, D : Alcitd, E : AlcitB.
TT— T =3 B AR, % 0.1%KUECTHEEED .
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Development of sustainable support activities through self-help, mutual assistance, and public assistance
cooperation in reconstruction and creation from a huge disaster

Focusing on the East Japan Support Project of Tokyo University of Agriculture

PO e b 3 11552 bt E—2 i A3 Bl 3
Toshiyuki MONMA'*  Yukio SHIBUYA?  Shin-ichi HANGUI> Hidehisa KUROTAKI® Masaru SUGAWARA

EE AGMIE, 2011 A4 LT H ARRESD D ORMEOEIL I AHA TE R R ER TR A AR 7 Y
mahmﬁ%_%o% SKEERPARBREEIORA > MTOWTHD « 358 « ABOBHEERA S E T = —
ALV L2 DO TH D,

7x—X1 (@IEH) — ZOAXTFT—UTIE, Wl EIREIROBRSE &L ARD Bivh, ZDTZHOIZIFEIR=
—f®%ﬁ,%%%&&ﬁ@%%kﬁ%«@%&,%iﬁ&_;5%%&~%k&otiﬁﬁﬁﬁm®kw®ﬁ
T VT 4 TSN BB R AT R T B,

72— (EEY) — ZOAT—UTE, HIH LA oo A ORI 2 T T & 580 - fFHo
BIRIRD DD, TOTDITIE, APEEINZ CODIHNRIE, &« ~—77 4 7 EORBER R L
Z 9 LI- R C & DRREHIZRLAN - IEROBPRBRAI K TH 5,

7 x—AM @EH) — EROREE RSO CHBkOAEL B TRECH D, =9 LR A%
JEBHT 51203, RREOSHRMBITT TIXRAMRH 0, HIWHGEESS , 7D & b o T2 2Rk Bk OSN3k &
nas,

F—U— VN F5E, $E7o—X, B, RAASHE Va7 b, WHAKRER,

Abstract: This paper discusses the points of disaster recovery support activities from the perspective of self-help, mutual
assistance, and public assistance by disaster phase, based on the experience of the Tokyo University of Agriculture East Japan
Support Project, which worked on the reconstruction of agriculture and forestry from the Great East Japan Earthquake that
occurred in 2011.

Phase I (recovery period) --- At this stage, rapid development and dissemination of recovery technology is required. For that
purpose, it is indispensable to discover recovery needs, develop problem-solving technology and disseminate it to the field, and
systematically develop volunteer activities by students.

Phase II (reconstruction period) -— At this stage, it is required to develop technology that can support the development of new
agriculture with the restored agricultural land and facilities. For that purpose, it is necessary to understand the technical,
management and marketing problems that producers have and to develop comprehensive technology that can solve such
problems.

Phase I1I (creation period) -— It is time to spread the results of reconstruction to the entire region and aim for regional revitalization.
In order to develop such efforts, the participation of various organizations with specialized knowledge and know-how is required.
Key words: Great East Japan Earthquake, East Japan Support Project, Disaster Phase, Tsunami, Nuclear Disaster.
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Resumption of farming in farmland affected by the Fukushima Daiichi nuclear disaster

P OK!
Makita HAJIKA!

HEHE  HARERDD 10 F05060 L < OSSR CE EERRNEA TS, Lo UFZFEEHESNC & D HHE
V5L DRE 2 52 T 1= Hise ClLIBRA R O M EVMIHR SR~ 7 2 MOREEE, REE A D ORISR
{b7e & CEEFBICBENE L TN D, RRSTHYANRACdH - TR R R Dk 3 FOREf O RIS RE S = R
BREBRODIK 72 & S B2 < OREHZETR L T D, AFTIETZ 5 LIZIRIRA IS 2 72 O DRI
% B PR B LB HARBRS DUV TR D,

X—U— N e, JFOSEN, REGYE, E R, BRI,

Abstract: Ten years have passed since the Great East Japan Earthquake, and many of the affected farmlands have resumed
farming. However, in the areas affected by the radioactive contamination caused by the Fukushima Daiichi nuclear disaster, the
resumption of farming has been hampered by measures to curb the absorption of radioactive materials, reputational damage to
agricultural products, and a declining and aging farmer population. In particular, the areas under the evacuation order, which
were severely contaminated, are facing even more difficulties, such as a decline in willingness to resume farming due to the
prolonged evacuation of residents. In this paper I want to discuss the development of technologies necessary for farming
resumption in the areas affected by the nuclear power plant to overcome these difficulties.

Key words: Fukushima, nuclear disaster, radioactive contamination, farming resumption, the areas under the evacuation order
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Looking back on the 10 years of reconstruction from the Great East Japan Earthquake
and thinking about regional revitalization
Interview with Mayor Namie
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Thoughts for “Yui Farm Iitate”

RIE k!
Masuo NAGASYO!
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Abstract: litate Village, which is in the Abukuma Mountains and has a population of about 6,000, has been highly evaluated for
its livestock farming that makes use of the vast mountains and the cultivations of flowers and highland vegetables that make use
of the cool climate under the location conditions of high and cold mountains. However, due to the nuclear disaster at the
Fukushima Daiichi Nuclear Power Station of Tokyo Electric Power Company in March 2011, the entire village was forced to
evacuate, and the villagers were forced to evacuate for a long period of more than 6 years. As a result, local communities and
villagers' lives were fundamentally destroyed. Itatei Yui Farm is in the Okubo-Gainai area, which is almost in the center of the
village. Through the activities of the "Okubo-Gainai Reconstruction Team" made by about 25 volunteers in 2017 after the
evacuation was lifted, we realized once again the importance of gathering local people and collaborating. Therefore, to continue
to catry out joint projects in the region, 49 households in the Okubo-Gainai district became members in April 2021, and the "Titate
Yui Farm" was established. Considering that many of the participants are elderly people, they are engaged in the cultivation and
processing and sales of minor grains such as perilla and buckwheat, which require patience and cultivation techniques cultivated
up to now. In addition, we are actively engaged in exchange projects with Fukushima University and consumer groups in urban
areas. With the goal of "an area where people can work energetically even when they become elderly" and "somehow a fun town
of Yui," we would like to revitalize the area lost in the nuclear accident.

Keywords: litate Village, nuclear accident, Evacuation of all villages, Okubo-Gainai Reconstruction Team, Iitate Yui Farm,
perilla, buckwheat
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