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The development of diagnosis and prevention methods for the soybean cyst nematode in

green soybean fields of the suburbs of Tokyo.
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0. #&

T

HEYFEERRICONT

ML TR O— KR AHTH Y, ME, HE. BEZEDTE OFFTICAE
B4 % (81, 2003), TEHRHIIEICBIEERR L EDFEERRICK SN D, BIEHE
METEED L ICHERME, RRERME, HEtE, a2 SICoBEShsRRTHY (H
M, 2007) | ) F AR RITEESICE T 5 08t 2 AV CTEDIRNICEBA - FETHZ LT,
EVOMBERLWNEDOERTRELZFEEH T, BRIZBWT, IEOICHEELE X5 FERE
MEEERRIL, a7 Fary, XYLy Fary, VAV FaUvD3IEET
b5 (=% 1993),

FaTerFayRBEFEHORICT—VEMRING 2T 2R L, B Z2E- THE
MIEELEEZ D, BEAEIZBOVWTHBICR IR ATV Favid4HE, YA EXR
a7y F o (Meloidogyne incognita), ¥x V327w F 2w (M. javanica), 7V
FVT7xaTerF oy (M arenaria), ¥%Z X237k F 2 (M hapla) BEREED
BEMICHEEL 5 2, SRERL LTHLATWS (RREH, 1995), £/, ZhETO
MECBNTI YA EXIAT R F a2V RPCYIRATR U F2y, TvFITERA
TRV TFa2UBTARHFETLZ LML TVS (HE D, 1983; [MH, 1996), EAND
HERRISAA TIE, BBV TRy EX a7 Fav T LI T7Rarz7erF
2 UBREWVEE TRE S (RREB, 1995), BEARICBWTH ZD 2 B LTND
LORENRDHD (FRRERS, 1988),

FTH LT 2 VIIBBMONRFEERRTHY | IPUNDRT—ITIR~LEFA
L. BEILRROER - BF - ENEZITY (B, 2013), /EHAE FEEREIZYZ X
JH Vv F 2y (Pratylenchus penetrans), 7 )VIR 7Vt F 2y (P vulnus),
IFIFRTHVLECF 2T (Poffeac) ThHhanH, ZThox TP Ly FauddbARMIT
BOWTRECLFEXITI LBV Fa2aUROPIAIFR TV L FauRGHTHR, 7V
IRTH LBV F2aUTIEIARBETREINS ZL03EL, VY TA4E, 4AF3, Z0fth
DEOEYM T LFENFER SN TVRY (5, 1974), BIREIZBW T, EITHFF X
TH L FaURHERENTEY (KEH,1999), ¥4 X~0#FELBOLND (ILH,
1967),

VAN FavBABERICVAMNDARAT—UERETHHRAOIETHY, VA M
AP LIRICREDBZ =AML LT NEATAREBOZ L Th D, BEAED L
TEICHEE 2 5DI1X, YA hE>F =27 (Heteroderinae HiF}) @ Globodera &,
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Heterodera @™ 2 ®To 5, Globodera BIZIZT ¥ HA T AUV F 27 (G
rostochiensis), /N VA Nt F a7 (G tabacum) 72 ¥R LTEY (HH, 2004),
20158 HIZIZZNE CEINTRAPHER SN TV RN TV Y ATV RV A MEVF
2 (G pallida) PHERBINT= (FERk 27 £ 8 A 19 B BWKEEHREREELE).
Heterodera JRIZIZF A XA b F 27 (Heterodera glycines) USMIA X A MV
F =2 (H elachista). 7>V A A2 F 27 (H schachti) 72 ERBLTVWS (B
M, 2004),

BA XA REUFaIZDNT

BWRLTRYVEI FARXVA M FaURFETIEREHE LTUIFA X, TXF,
AT NTZRAREDZARHEM THY | HHFEIIFA A TELL, TAFTHEENRL
DB, AT U TRIKBNE VS TEBWVRDH S (Z4%, 1993),

FAXVA M FaUDFEER =X LIEEORN S IN B CIEEDE ORI
WEZT, YA MCAB IR0 L. ISP 2BEH L TBEEORICFETI LV
HLOTHD (BED,2003), ARROEEEZTIEWIRIZ. Koy - BHORINOEERD
RRIEOBFALFR D 72 EOFEEZIT, ELEL - EHTHEREEST D, EBRICFA X
VA MEUTF 2 UHEFE ULES TIIEBINERS 90 %N EICESAZ ERRESATVS (M
#5,2003),

FARXVA My FaVDOEFRIIZA AOFEHM THHEIIHT TZHHRREE
DOIRNICEA, ZHGBITRAN TR OXEZER L 3 #Hishh, 4 Hidh L s U TRk
BmLD (24 1993), —F T3S O—iTHEL 20 | BI~BE L CTHERHR LR
ER IV, HRRIZIIEZALEET S (Klink ef al, 2007), JROEEEZ K 2 -HZs =
B L7eREZ FFOFRENVLVE ROV A MZERL, BB U CREHIR IR
ZVIRT (=4 1993), B 1 HRIZ 3~4 BRI CEBRERET 5 EHESNTEY
(Alston & Schmitt, 1988) . BAFHISF T 1~2 fifR, JL¥EETIT 1 AL S, BKOER
(2725 LA POREBTHA L, KEEIZEENVRS EHITT R MTFLA TS T
O, REMICEY TRPTEFTHZ LR TED (BED, 2003),

FARXVA M F 2 yDBRIIEITZH0MHBHEICONT, W O1D@ELELDD
L. dbdmE, AN, UHOWL ODOBEBICEWTRHENATEY ., RICITERAK%ES
Bx5@EEbH S (FBH, 2001; 635, 2002; #5, 2006; 635, 2007; F8, 2008; FHEF D,
2004; {FHED, 2006; HIDH, 2010 ), ZDOZ LD, BRIZBWTHA XV A My Fa



TIEL B LTEY, BEEOTHEFA X, =F< A, TAXREOBNHEEDO—R
Lo TNAZ LRSS,

FA XVA M T 2y ORFEHRREEFBTHFRAOICKRE L, 1994 FOFERF A X
AE10 yBDO64 7E (TAV A, RE, WTFTH, T7I7VN) THARXVA BV F =
TIZLDHA AOBWIEEPBRE SN TEY, 2FREFRICTI D XA XHEEEK 1500 Ht O
IBFAXVA N F2URN20%EEDTEY, 1EEOREFRICLOPEREL L
TIIH/KTHSH (Wrather et al, 1997),

Flo, FERFAREEROFTHRRKOIA REEREZEDT AV A TIK, ¥4RXD
BB EIZ OV T OFERMRHER 2 2 STV 5, 1974 2D 1994 0 20 FERMIZB VTR
FHRICEDH A XBEED ) bR 20%EFZA XV A My F 2R ED TV (Wrather
etal, 1995), ZOHIEIT 1 EEOHRERNEDHEIEGL LTUIRKRTH 2,

2000 ERIZA->TH ZOEEZTEISZ Z L1372, FARAVA My FavizLd¥A
AHERBEIILREFRICED DFE & L TIEH 30% (2003 525 2005 FDOFHE) TH |
SRITHET 5 LK 1500 BH/FE L RERFEEEZ HT-H LTW5S (Wrather ef al, 2006),
7o, A XAOAEERIT 1974 5> 5 2005 FEORMIC 2.5 FFIZHEML TERY (FAO), ZDHH
FARVA M F a7l LBWEDERITIELTELT, FAXVA MYy FaIT
L OWHEFIEREMICH LD LR END, ERIITAI VBT LFA XA MY
F 2 U DAL 1954 225 2014 FITHT THERBERZRL, =2—I— 7 RVPU TR
R—=V =T MERS ETOX A REEMTREDRKERINL TS (Tylka & Marett,
2014),

BA XA M EUFaIDEWEE

VANBUVF a2 ELENIOHBET S HEL LT, S5VWHITERST U 4 v I kL
Wo e FERD D, S0 HITEIRE—h—IcH8EE2 AN, Kitick-> TH#B L, BiED
ZWEDORRDEDN2DITHLAALTY A MESHET S (EHDS, 2004), 72U 4 v
J7EDRBRIOKTIC L > TEEREB L, 72074 v 7 B ERENSRIEICROBWE
HEEAVWTHRENEZEOMUE»OHHIE, S5V EAVTRENERLI FETHD
(Fenwick, 1940), ZOfUIZHERZ AWCEOFEERH Y, 550 T ES7z Y
€4 v 7ELOFATEVHEEDERELND (K, 1978), BoNFEYIIBEMSET T
BEL, ZHEDMH O VR N ERT S, BHIOBEICIT R FOMM A, RREOHE
BELIVAMNERBDLIZLAHDHDT, EEEZETS (BHED, 2013), BRIRIIT A b



Erty MOHTHBREL TR MICHFEETAINEZRVH L THE TS, 2oL 5y R
by F a2 U DINEE LT 22T, BMETICRT 2KMEDTNOD VR FOIEMHER
B, VA FEBEL COIRBROHAABHATHY . FMB#E» 5, £/, YA MBUF
= U OEREICIIEHRBEDIENIC PCR-RFLP 41 (R 2 5 — Y HES{ G- HIfREE
R RZASH) IZBWTAY FRY— U 2BRTHFESAVLNS (KHE, 1997 &
8 5, 2013) 2%, EEENEE L TWESESICIZEHORRBELHEIT 5 7-DIZ 2 k)
HF b= @ERIZ PCR-RFLP 4TIz Lo THEZHFIT 20, BEMEET TOREBEEIC
Lo THEEZHBTILERDY, ZMEITOTOICKRERFTANLELRD,

FARVA MR FaUDVR MNEE LEEEDOINE L ORRIZV < D9 DOBFZEATT
bhTEBY, FXFAXVA MV FavBEELTAZAOINE L ORREZHAE LR H
% (F#E, 1985; Francl & Dropkin, 1986; Chen et al, 2001), Francl & Dropkin (1986)
K& Ut Chen et al. (2001) TiX 10%BIUTET H X A AL A MerFa vIEEIXELE,
60 JR/20 g #2 1, 500 R20g Bt LiERH D, ENORETII20g DHEH-V | 1.2
AR 10%BINDOAAEL SNTEY, 1 & MIOX 200 SIARNEENS L{RETH &
20 g T+ 7 VK 240 FINEPBRKIEL 72D (FFHE, 1985), TH < AZBWTHHF A X
AV Fav A NBELZ A ANELOBRBREINTEY, 04 A M20 g
TDOFEE T 10%BIITE L., FERIZ 1 R MZOE 200 SI83NE I D L35 L 80 JR/20
g B 10%BUR OERSBRKBEL 7125 (R)IID, 1991), LA L, ¥R M%7 0 OIREIIK
PNOEEILIZODERH DD, VA MNP OEMBRKEZRET S Z LITHEDOR
THER® 5,

HETIXEEP MY FAEER R EZ2H T2 5L LT, Real'time PCR Z W=7
23% % (Madani et al, 2005; Goto et al, 2009 Sato et al., 2010; Min et al, 2011), Z®
FETIE, SREEZFARECOITTE S EOBERNR T FA~—2AVD Z L THZE
THEDFEMERRDAZRHEROERTE DLW HFEANRH S, 7=, Realtime PCR
BIZE Y HE Lo F AR AT E LEEEDOREE L OBERIFESLTEY, &
FERFAKEOHENTHOI T3 (Sato et al, 2011; Watanabe et al, 2013),

A XA b UFaoDBBRAE

FARVA M FaVIZROT, EWEFEMEREO—RIRBIBRGIEIIEFIPRTH
Bo FARXVA B F 2 UDBRICAWVLNSEEA & L TTEIC AZEA (D-D) 22HW
b, LrL, A4 XA My Fa v 3ERERENROZEARESNTTEY (&



#E, 1968), VX OMDOHFFEIZBWT DD FIZEBAEET-oTh, FA AV AN Fav DR
FEZ 20~40 %HIETARE THALHE SN T VA (Bruin & Pedersen, 2007: Bruin & Pedersen,
2008; Murillo-Williams et al., 2010), ZHUEIF A AT A M F o v ORFIEHEREH N2 &
ZRELTEY, BEFOBECBVWT DD AZRILLTHA XAV A M F 2 UDIRD
VA MIEZREL TS 8~25%DIRNAETFL, IR OIL L THHRITR o723, iR
HERINEXFZRaT B Fa U Z2TORBGRIIR LRI BEIA TV

(#cf%, 1968), ZDZ bbb, XA XA by F 2 7O D-D FITxt L TEW b
EELTEY, tMoEMFEERB LY LIBRIRNED EEZLLND,

EHRIDA OB FEE LTt BIEEY (Ta— 8, XoFE, 7axS07) oF . ik,
AR NRETOND, RIEED (70—, XoFE, /aZIV7) 2L bV A A XV A
Y F a2 DA = A NI ARHEIRIZ L > TH A XV AN F 2y OFLEFHE, RIBAZ
HEHR, FAXV AN F 2V L THRIBIG FE2FF O | F ARV AN F a3 BRI
BNTITEEEEMER T 5LV O HETHD, RIEEDEZL BV BREBROBR T 2~4 »
ABOBIETH ARV AN FaviEEEY 70~90 %ERERBTILAHEIN TS
(Kushida et al.. 2002; (L5, 2003; [LUED, 2004), LAl EWEEEBSREEZE5512135 A
25 9 H OFr A IZHNT TR ZATOMNERDY ZOMMIIMEDEZRIE TERWILITRD, Zh
(XL TERIETIL, 18 EUSNDIEMZ BT HZE T ARV AN F 2V H E O B R B 2 #
BTDHHETHS, | FEROBWIEERITHIZE TIARV AN F 2y OBEMET 258055
(fBAD, 1988) 73, B E DK T A ALN RN EDBELHY (A5, 1983: KD, 1991) , FhEH
BARBZERIZOWTIIRHABR THS, MIEIZLDE A XV AN F 2T EOMFIEL T, HiE
HEAIZEY FAZXD AN F 20 DEENMFISNLLVORERDHY, FFHEIEE 4 1/10a fi
FTHILTH ARV AN F 2V D ELERL , INESHERSI- (BED, 2008), LAL, A
YiE LT ARV AN F 2V B ERIHI SN AR —BL TEERHLN T, ho®EIC
BT, #iEZ 4 V10a R L7 A Th A A XV AN F 2% OIS RIZRO LT
2V (E5rD, 1983), Fiz, INEOHELFBDO DN o7=Z b, ERMLRERIIRDRZNE
LTEY (E5D, 1983), INEIEN R OME AR 13 BB AR08 7 OHEIL i FH & (1 /10a)
D 4 (ERENLER SN LE YN R B T ARV AN F a2 52 L3 # L L&
2D,

BARY AN F 2T E LB FEEE L T, L IRED B (L HBBRBE T N5, I
{BIREDE I IA L7 ORDPOEB SN =7V /7L ey A LVHEEHTHY (Masamune et
al., 1982) | BEICTHERE S TESN TS (Fukuzawa et al., 1985), BiFRAI =X LEL T, BEE



MOIEFETITBW T, BUREDE THEI VY )=/ e AR IR, FA XA
FavZ b, IV ELHETHD (FREES, 2008), 7V /I E L A DEEDRR
ESNTHb, ALHREERARALNTEY, IR IIL TV 55 (Murai, 1989), 20 Ll E
DEFRIBENBHLETHY (Shiina ef al., 2010) , HAETHLERLITIZE TV,

MIEBIFIAEEORHLEER

TH AEEIIHTER TRATHY, TER, FRER, BER. HERIZBWTHEE
mEENKEZ VY (Konno, 1970), BIRETIL, FFICTER, HER, HER, #RJIER, X
FENICIRWTAEPEA T, AL 26 FEDBRHKES ORHELNZL S & ERROFR TS
EDOHFRDOK 38% % 5D TW\5D, £, FHEMRIOHFRICBWT, TERIELS
< (6330t), BEREA 4L (4430t), BFERD 5 AL (4230 t), PRZR)IIRA 8 i (2340 t),
BREA 9L (1330t) & HFTED EfLE SO TW5D, F7=, BEIRE O AR T3 B HE
L7 ODINERZ VO LEED 1 2 ThHD (LRBEOFHE : 790 kg/10a, £EFHE
587 kg/10a),

BREICE W T=F v A TRENICOEERED TH Y | FITEBRER ¥~ X 2BV
THE T, BRE R REFETHOFRK 26 £ERFERNC L L, EMEZBLEZ= S~
A DEHfFEIE 794 Fl/kg THY . 5 HHWO ¥~ A FE)MfirgIX 1318 M/kg, 6 HHfGD
T X A FEEHEIE 966 F/kg Th D, £, HREPREFEHEH CHREI Shd=F <A D
ek, BER. HER, TER. BT, #RIIER. KRE. RREZEDED LF
MO EHEN 31%., 5 HHHOTF < A TiL 43%., 6 AHTOTH~ A TIL 93%. 7
HHFIOTH < A TIE 75% & RAET T~ A DHBRNED, LLEDOZ L0, FHHER (B
HE) ICBT = A~ AAEEITHTREROEMERY 2 OIERZ | FHMMEEOREmN 5
ARU6 ADEAERPENI LD, BEAELEERIEHTHLLEZXDND,

AHRROEH

AMETIXI TNEZA LPCREZANVWTHEA RV A M ey FavrERL, =F < AL
BLOBREZMBITTHZ L0k, BEYRKEZERTHIZLROFIAN XV A b F a2
T OFHRFEOREZ L L,



1. FAXVA M UFaODEHFEIDORHE
1.1 R—=ILII - YFILB AL LPCRIZEIZEBDFAAVA M UF a8 WA EDOMRE

1.1.1 B#

FAXVA M FavDghiEs LT, ERDSELINFITERT =T 4 v 7HETIE
RHED T DT A FZERT 2 FRMPO, BHMET TU A b E2RBEE L TOIREROFHRNICFRH
ZETH, £, HIEFEED - Realtime PCR EZ N LIZF A XV A BV FauD
BRERPERIN A A XA Mo Fa v EOERNR B Z bz (Goto et al, 2009),
FOH%, TEORMLEL L THEFEDLE LD bR — L IV L > THEE B -
BELEORHETH o272, ERE, HBOKR - HELEZ R -V INVTBIR
W, FEICAARVA M F a2 VI EERTH1-OOBREREZERTLIZ LT L,

1.1.2 M EAE
- HERICHEET DU R N 0SB

HWRBOIA RV A M FauBEREENL VA NERBET 72012, 550t
A MRWIRLEZRZ o7, ZOFETIKRIZE TR MEFLESE, HEORRS 2
DDEDLWINZL STV R N BT 2 HETH S, BIEFIEZLTITRT,

1) BEXE-+H50g % 2L OB, KEKEEWTHEHELE,
2) MRLRKMEN L VA BT 70, #E 212 pm D5HVO EIZHEE 710 pm D

SHVEER, FiEME EBAZ L, BERIZSD0VO B LIAATE,

3) ZDi@EEE 3~4 EEVIRL T,
4) BERSEDVDENGKEKREZT L, BN ZTR LT,
5) #8H 212um D5EBWIIEB - - RMEM AL T-,

TOESITLTHE, REEMEY v —LIZRY, BMET TREHOFNLL VR M E#
BT 5, ULV AMZBEMETTHY, YA MIGENLIPZIM0 H L, ERICHR
Lice REBODFA XV A My FaUiHRES TIILE50 gH72h, 162 FDU X b
BEEN TV,

- RERIER O %
FREOSDZNHTHRONHELEICLVEONTZ VA M EEMET CHELTHA A XV R b

B F2UDIRER, IFREKPICHESELLREBETEYy FE2RAWTRW EIT,

60 C. 24 BRI S XA bV F 2 7B YRLHE (Real-time PCR #EIZLY
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HARXVA My FauidBiEnghnof-1i#8) 20 g i2EhFh 50, 120, 250, 500,
1000, 1500 SR#ESANL ., FHEE 60°C T 24 BfHIFCIR S H, R— A INIT K VR - B2 B Z
Role, BB, XA XV A M rF 2 UREHRMT % B8O REIL 50~250 SROFME Ti
K18 3, 500~1500 SRDOFEMETIIREE 2 L Lz, 0%, £H05g A7 Va2 —F %
v FFa2—7 (20 %AFLINTEER 125 pl, Dra=7r—X, 0.1 mm & :0.75 g,
0.5mm £ : 025 g, NEPEEL LTI Y HAEL A BV F 2D DNABIK : 10 ul %
i) ICAN, AZT 7 LAOMHERZ o7, 7ok, AP T IAR—/L I )L - Real-time
PCRIE) LR LEHEEIARETHWZ A X7 AliHE L U Real-time PCRIEZ B Z 720,
FARXRVAR R FaUiBEERLILLDLT S,

AR ) KO FE

1) 60°C T A L7 Lysis buffer (0.5% sodium dodecyl sulfate (SDS) , 10 mM Tris-HC],
50 mM EDTA, pH 8.0) 1 ml Z#5/#. Bead beating (5000 rpm, 60 #% 2 [E]) %I
TR, O (120008, 54, 20 C) 2B Z7Ro7,

2) EiE600 plz2mlOzy X Fa—T B L. F0OEFEIC5MNaCl %377 11,10 %
CTAB # 270 ul 28 - RAVT v 7 A TRAH. 60 C 10 HEEEAEZB 20,
WREEIRE 5 LT,

3) F|RIZARAZETHAL, -20CTHA L= mai/vA 500 pl 28N ALT v
A TRAH., EOAE (15000 g 2043 20 C) 2B ZRoT,

4) EiE1200 pl %R0 2ml =y ~rF 2 —7 2B L.20 % PEG (20% PEG, 1.6 M NaCl)
Wik 720 pl M, AT v 7 ATREH%, EOLE (15000 rpm, 20 47, 4 C) %
Bllol,

5 Fa—TNOEREZHELIBVEVERE, 70 %% /) —NVEK 1 ml 24, #LO0EE

(15000 rpm, 5 43,4 C) 2B xo7-,

6) =¥ — IR HKDHRY Y ERE, TAITEC VC-15 Sp GRLBUEFRER) 12XV,
Fa2—THICE > TWIAIRZ 58 &4, TE-buffer (10 mM Tris-HCI, 1 mM EDTA,
pH8.0) % 100 pliNZ., 1 FEREIKE L& ICHEERT L7

LI EDOFHETHE L ERAZBEARE K LIRS L 10 FHR Lz, 0%, RIGKE RS

L T Realtime PCR (Applied Bio-systems, StepOne™ Real-Time PCR System) %

Theole, B, FARXVA M Fa2URRT T4 ~—0BRFIEZER 1, UK L IR

DR %E % 2. Real-time PCR ORIGHEM 2% 3 27T,



RIFAZXAVA MV Fa2U0BRT A ~—0EF

HRERB P 5-3°
- . 47 —F (SCNf) cta geg ttg geacea ccaa
TAXL A Far) 1)7A—2R (SCNr) aat gtt ggg cag cgt ceac

7% 2 Real-time PCRIZBIT A KIEHRA 7 rdbi-n)

Fast SYBR® Green Master Mix 5nul
754<—F (5 M) 0.4 ul
T54<—R (5 M) 0.4 ul
R B K 2.2pl
DNAH> )L 2l

# 3 Real-time PCR (23517 B it

A S

. . 1.95 °C-10%) 2.[ 95°C-5%b, 60 °C-20¥] X 40 H (4L
FAXL ALY Fary 3. 60°C-95°C(RAMREIIGRLIT D 1=8)

1.1.3 BRBLUER
#5E ¥ - Real-time PCR i (Goto. 2009) & XUV —/L 3 )L « Real-time PCR E%241 L

THEZCtEEZTRT (R 4), MEZEETLL, ¥4 XA MU F 2 U8i% 50~1000 5P
L= HBTIE, A— A INVAEEIBZ 2o 2EBRX T Ct fEM 0.7~3.1 /S 25 ER
LY, BHIEBEICERE L 50 /20 g OB ECTHRHT 5 2 L A HkT,

FARXVA M F 2L CtiE L OBRIZBEIHAN y = —3.713 x + 36.544, REFR
23095 (p<0.01) &5z (K. 1),

VI EDFERMN S, BEEIFZED S ST HB5BR/KHE (60~500 F/20 g #21) LY b
WA XA M Fa VIEETH> THAR—/LINEES LTz Real-time PCR I
XoTHETHZLENTEDLEZOND, SEROERIZEWNT, SEWER L72EBH#R)
OBAARVA M Fa Uy BUCRET S L & LT,



# 4 #HED « Real-time PCR #£8 L UFR—/ 3 /L « Real-time PCR
ICkoTHELNE Ctif (CEXECEERZE)

SCNERI# 20g-s0il 50 120 250 500 1000 1500
FED[E ¥ * Real-time PCRE
31.4+1.3 —_ 20.5+0.1 29.1+0.8 28.6+0.5 27.7+0.3
(2%, 2009)
R—JLZ JL - Real-time PCR;
=) ’(z;;;m CRi& 30.7+0.8 28.740.5 27.140.6 26.0:0.4 25.7+0.1 25.140.2

Ct fil

y=-3.713x +36.54
R¥=095p <001

1.5

20 25 3.0

SCNBHZx(log,,)/ 20g-soil

35

B.1 A=/ 3/l - Real-time PCR EZ M LI=F A XL A hErF 2 v B L Ct {E L OBEfF

12 B4 XA MEUFaAODTIERESR

1.2.1 B8

Y EAMEREOBHERNOKESHICOVWTIIHENSEB Z bh T, FUF A
PRKES G NE — o BR &, BELE IS ICHHTHHMA L ITHPND Z ERMDE
nTW5 KAIR, 2004), o 7NH A AROCHBEREIL, X2 7 Fa2 026023
HEMEET ey b (025 m2fRE) T, 10ecm3NTT U ¥ AZEFHHTH720,
TINHA X1, 10ml L ETHIIZRVWE SRTWS (8)11,1992), LrL, T Lai
Bt 5B HIREIIEE L ROEPOROSFH 2B EICBIRIRETHDHEEZLN

T3,

FITAE TR, =¥ AREEESEIC 0y F2ERIT, HBIEENOF A X R b2
VFaUDEFEEREREL, HEY ) U BIT A B Y LSRR RETHAEMT

%E%ﬁo :'}.Co
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1.2.2 M EAE

HEBICHDFA XA M F a2 VERBRIZEOTEKR TEHWEIEY . 0.5 mX0.5
m (0.25m2) Oy h&262FRL, ZO5HM3 7uy MIBWTHEF 7Y 7
BB IZolc, Yo7V TiEN— b A—H—%2b bV, HEREHND 60 cm F TEEI
L. £E»5 15 cm, 15 cm 2°5 30 em, 30 cm 75 60 cm £ TIZ3) 7z, o7 4o
RiI1 7y M0.25 mI)H7y 3 SFEBL, RVBIIANTREL, 150 g% 147
NE L, 0%, HEEZELIFEY R —/L I - Real-time PCR ¥EICL » T, HBEED
LI INESITL, BEEDF A XV A e F 2 VINBEROEELEZEH L,

1.2.3 #8

A RXVA M F2UDIPEEITE T 0y MIBWT, HBIEE 0-60 cm OEET
1606~5327 §i/20 g B2+ DMTHAH L T\ (K.2 £), FFEL TITHIEEE 0-15 em (2
44% (13~63%). 15-30 cm (Z 52% (34~85%). 30-60 cm IZ 4% (1~10%) MBTFEL
TEY, TEBEEE 0-30 cm IZFEH LT 96% (90~99%) DF A XL R M v F 2 U BFE
LTwe (B2 ),

2000 -

6000 100%
[0-15cm o % ¢ o =] @015 cm
5000 | B15-30 em R gom | 2 |m1530em
BE30-60 cm
®30-60 cm
= T0%
K
60%
'S
g
3000 | ¥ s0% |
X
A
X
*
b

1000

HAX LA Fa7REE (20 1)

Jowbl | Jowk2 | FoOwks | W JowM  Fogk2  FOuRs Wy

M. 2 £EHEEEICBIIAFAAVA My FavBBEOST () RUFEER (F)

11



1.2.4 B8

IR 0-30 cm (2 0% LU LD F A XA MU FauBBFEEL TV, Zhik, =4
v ADELBERORRITEKFT b0 LEZ b, fELEE L TH A XTI 25 cm 23
HRELEN TS (BHKES, 2008), 7=, BEEOHEICK VT, HBEEZL XA
RIBREWZE L= LB &, HEERE 13-21 em ITRBED T I L VWO BENBOLNTE
D (I, 1998; 5t 5, 2002), A XV R b EVF 2 7 DERESHICEBNT L EEREDHEIC
BRETHERTH -7~ (Alston & Schmitt, 1987),

AEOREFRICB O THEERE 030 cm IZF A AV A b vy F o2 VEEOSHRIES
L7-BHRE LT, FARXELFAETHLI=F ~ A OREBFEKROTHICEF LT\ d e
Rl Sh, BIREZEE L HERBROEEL LTI 030cm BEXEY LEZ N5,

1.3 £ 1EEH

AETIIAR =NV - Real'time PCR EIZL 55 A4 XAV A Uy FaUERDEDOR
BEHREERL., REHRROT=ODOFHAEL LTHA XV A My F 20O HIBWRES
ZRAELE, FOEE, R—/NL I - Real-time PCR EZBAWEBETIZHRMLEZZ A X
VA FaUIREELE CtiEE OMICHEEAEL (R2=0.95, p<0.01), HHEFDF
A AVA N F a2 ERAETHSL LORRER, £, FAAXVA MV Fay
D IR 537 TIXEEEERE 0-30 cm I 0% L EDF A XV A My Fa URFELTE
V. BEEOMIRIZRBIT 55 A4 ZAORDZHART A XV A Mo F 2 v DRESH L HRE
BNRENDZ L OREHERFRICR SR & 45 HHEEIT 0-30 cm BEY TH D & ik L7,

12



2. MIAMBT I ABBEEAZICETE3FA XAV A M UFa0BEORE

2.1 BW

BEEDOHETIIHTERDOZ A X L T &~ A LR G, HER, TEER,
KRB HEBE AR IZBWTHA XV A My F2av0RERBEINLTNS (% 5),
LL, =< AEEEGZPLE Lie@EIT e, ¥4 RGBS O®RENS L L2
STW3,

ZFIT, AETIIHERZPLE LTTFERRUCHRB)INBROF < A HEZEH BT S
FARVA N B F2UBEORHERAONNITHIZLEZENE LTREZITo .

# b HREOF A ARV F = ARERB TOF A AV A bErF = Uikt

R |zrosm| xa  |mEEs|sems| BUF | 4
RERER O REED (2006) | 60 18 30.0 IHTA
BER O 1815 (2006) 8 4 50.0 HAX
FER O 1815 (2002) 20 3 15.0 HAX
TR O 1815 (2001) 30 19 63.3 HAX
BRR O 1815 (2004) 13 7 53.8 HAX
PN O 1815 (2002) 12 3 25.0 HAX

ARINR| =BE
R 143 54 37.8 24
: 83 36 43.4 H4X

13



2.2 MHERE

# 6 |CHAEHIR K ORERBSE LT, HERTIE 8 TR, 62 @HE, #E)IIETIE2H
9%, TERTIX1I N2 EELZRE L, AEILV— AT —ZHAVTHERE»D
30 cm ETOLEEEXRLE L, BHO 5 mbHEEZHRIM L, R LUZRHIRAFRE
ELT1LHUTeE L, StfidAR—/ )L - Real-time PCRIEIZL W A XV A v
FavEEEZRE L,

#* 6 PR UTRERE S

R b HEE
ByEmH 4 2013
iR 5 2013
AT 8 2013
i 6 2014
BER
= 10 2014, 2015
J\EiTH 20 2013, 2014, 2015
TA™H 6 2015
J7J1 T 3 2015
HBER™ 6 2015
E-EIN
=i 3 2015
FER | &M 2 2015

14



2.3 R

FERS 73 BHEP. FA XVAMErFauREEINEZOX 63 EETHY . BEHE
IZL T 86.3% Th-olz (K. 374k), EHEYUTVDEA XV A e F o UINEEITEHIE
TH55950/20 g #zt (LLF. BALREAR) . FRET 120 5P, HARMET 13746 IR CTH -7 (K.
3E) FA XV A M rF 2 VIEEEIL 0~400 SRR OBEES 73 EHT 59 BHETH Y,
T—Z 20K 80% % HH T (K. 3FH).

Y s
e 60 ———=—— 100
HEESY 73 Lemmmm———- N
H 63 50 /
BHESH /’z prs 80
B (%) 86.3 a0 -—-FEEE | |70
FAX Ao FooNBE -y 60
(BR/20 g 85 +) | 50 o ®
I+ 3
Fiil 559 " w0 %
= BE
P 120 20 30
RERE 1730 10 20
10
RERE 202 o _V_FL 11 e e
FAXLAMELFAHMBE (/206 E)
13746
i (F—4Em)

e

H.3 AEBBICBITATA XA M F o v0EHER VIR

15



RKbZE OEEEREZWHE LB/ ERIZBONTIE, /NI ZER HIRTHRE S, KD
FEEZR LIZBESII\ETOBE Thole (.4 KUK 7). /o, #RJIIR, FERICE
WTHF A AVA My FauyBBRHINTEY, #F)IIRO=Z#TT TS EOREICE
WTHRAKDEE (13746 Jp/20 g §21) ZRL7EZ (R 7).

5420
=
1400

W

1200

1000

800

600

400

200

HoA XA Mz F 2P AE (BR/20g B21)

|
AV

FEm [ ]

< O]

I
o ||

& ||
iR ||
JNIET
=i#h

L

BER wmENR |[FER
E. 4 FEHIRICBIT B F A4 XV A b F oy OFELIPGE

# 7T FHIRICBI B 5 A XA b F o vINEEOFESERURAE. F/ME

HA XA Fay R E
Bk | BEESH (/20 g 87
THYiE BXiE | 8/ME
Bram 4 61 133 27
iR ™ 5 27 40 11
boEiD ) 8 289 722 50
Ehowh 6 21 383 120
BER
=@ 10 384 1305 66
J\#iT 20 323 3065 0
fTE™H 6 128 725 0
IMIET 3 0 0 0
HEET 6 1310 3956 20
WE)IIR
=#H 3 1598 13746 981
FER | BEH 2 812 1255 368
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2.4 BE

AFRICB T I AREBEOLS A XV A b FavlETIE, KBRENRAEL
TWA MDD 5 BEZ P LICHAEZTo 2. BEEOIRICKIT 5 B0 RIR 1135
FETIZA2V s, BIEESORERR & BT 5 L 7 AEEES O MR E 43.4% (18
1,2001; #81%, 2002; #81%, 2004; #8155, 2006) (xt L T= &~ A LB Tl 86.3% & 49
2EORIEETH -7, ZOBRHEOEDFA L LT, KEAERMIZISIT 544 0¥
BREZOND, XA ZFEETIT 2K BEREOEEE &1L 23 45 FRL 27 F£0
EHET 62% EmMVWEIETHY, A RXRVRA My FaviI/KBIZBITH#EKAEIZLY
BEMETT A ERDDoTWS (BEH G, 1987 EKD, 1988), F/z, ¥ A ATHEFA
AVAMerFaviEitEmErH Y, BEEOHE» CIEFEMELZEAT L2 L THA
AVA R FaBEREBTEDZEBNREINTVSD (BADL, 1988), EBKIZBEHKT
BATEXDLHARVA M FavifitkifEL LT, 72 F VLKL 230 5, El
234 BEOLENR DD (BHKES, 2015), Z07=®, KEFIRICL 2EKABELT A X
HECTHASHAEIMESEOBEAZOERICL Y ¥ AHIEES &L =&~ A FIEES L
DETHARV A M F 2 UDKBHRIZENECTVD LD LHEEIND,

2.5 B 2EEH

BAREO Y v ARERBEZFLE L THEAS AV A M Fa2u2RW{ELELEZA, #
EHESHD 86.3% 0 bAMARKREH SNz, BEEDOHETIIF A AHEESZ BN TH A X
VAN FaUvOREEEBLTEY, ZhETOW 2»0HELZ T LD LHEEE
OFEBHD O D 434% THRBREABBRHEIN T\, =¥~ AREEEG L B L TH A X
HEFES TARROBREENMES RLFE L L TEF A XOREEESH ORI 60%7557K HEs#
MTHHD, BARBIZL>THA AV A M FaBERMH SR TS Z E0F
A ARIFICB D TEASNAESHEAEIC L > TEEMEB I TWE Z L BRI NE,
INHDZ LG, KHERSCEFIEGEZEATEI RV < AFEESR BV TIEE
REANPEHECHEEL TV DD EEZLNRD,

17



3. EPFEMBRRUVIIRBIEEHL I I T ARELDOBER
3.1 B8

FARXVA e FayeEEEME OBRRIZEEICRESINTEY, ¥AM1 XA bRV
FavBENREL 2D LINERBADT BRI 5 Z & A3 > T 5 (Chen et al, 2001;
Francl & Dropkin, 1986), L72°L, ZNE THEINTWAEF A AV A M v Fa VEE
DHEIZIZSDWFTERANLNATEY , BMET TREDFTHL A NESREL, &
A RNEHEL THRINDIPZHET H2LERHVIEFICFROBNLIFETHD, 0O
72, BFIZEREZ DT HDICR—L IV - YT VHE A L PCRIEICKL DHEERED
EREEEEHONEE OBBREREL, R—L IV YT LZA LAPCR EZRAWEEA
DESBRAKELZF-ICRET ILERD S,

£, FAXVA M FavPSNOEDFEAERE (FEXTF LBV F2 U000
YAERAT T2 VE) BIARCHEEEZ2EZHZLRHMOLNTEHY (Shmitt &
Barker, 1981; Kinroch, 1982), =&~ 2 ZE W\ T HMOMEDFEMERANREE L RIET A
BEERDH D, TOD, FAXVA N FavEBEELZRET S LR OEY FAEME
BRBFBEIZOVWTHRAETHIMNERD D, ¥4 AONEIZIIHBONEELBERLTEY,
BEFOHEICB N TIIHEN R pH TH D ENEREDT 52 LROKH]ED ) W T T
AERNBEEZEMIES Z EPRRENTVS (Rogovsea et al, 2007; Villami et al, 2012),
SERERI G MR L Lo mEROBRBNREE: O ¥~ A BEHO—# Cld L EREICHEE
DEBLRRARONT2), TBIEFEERZ I ADNBRICEETHIZLHLEBEL, W»WO»
OB OTE B 2307 TRIRMEZ AT L 7=,

AED BEIL

1) FARVA v Fay bz Fv ARELOBFRENLEHRKELRET D L

2) MhoOEHFEERABEE L X~ ANEL OBFREHALNICTAZ L

3) MERFIETF ~ ABEHO HBIFERLIERT 5 L L bICo ¥~ ANB~OFELRE
THZL
UED3RTHS,

3.2 M &EAE

3.2.1 AEXNFMBERVHAESE

ARG & LI s ER=H - A & L, RS <~ A BRIV THE
Lz, RS ICHAEBBOMELZ Y, AL 2014 RV 2015 FI2EH L=, FHETIIE

18



BNIZ Im2 (1mX1m) o7y EERL., 7oy FRIZBW TR O HBER AT
Sfz, BERENITIBIEE 0-30em 2R E L. 1 72y FAND 5 HADHEEAFRE D
BALTIREE Lz, BbRo-1EEHE 2mm THB U, 60°CT 24 WL L%
WA=V INZ X VLA e L, INEERR IR 7' e » FRIZBW
TREFRERO= A~ A ZHER LT, WEFHEIZ, HKOLOERLALERICKOERLZHIE
L7, BAIERRY Y OREZEHE L TREFZEL RS, KOEENLHEMEELT-Y O
INFERAZFHE L7z, 2014 FETIT6 BHBENRIC29 Vv y FEFHEL, 2015 FETIES
B &2 RIZ 45 Ty b ERELE,

# 8 FAERASOWE

atE E%% Ty EREEE e

A 2 2H S
B 4 2H LEA
C 4 2H a<F
2014 D 5 2H a<F
E 4 3H a<F
F 10 3H ar
G 9 28 AL I
H 9 2H a<F
2015 I 10 2H aF
J 8 3H a<F
K 9 34 o<V

3.2.2 EYVFLEERRRUVLELZEOSITEB
EMFEERBIIA XA P F 2V RBFEZX T LR Fary, Xa7vrF
2V ERBIZR—NLIN-UTNALEAL LAPCREICLVEBEXHE L, £ 912V TLEA
A PCR DFEREIZBITDERBROT 74 <v— RO A 2 VEHEZRT,
TEOLEHITEREES A LN LD, pH (H:0), BRIEE (EC), HEEE
R, KBSV UL KEEINVY T L AIfERY VEBREZBIE L7, pH (H20), EC, 7
FEREZER, KBV UL, KBS MIEEKE LEE 1:5 (wiw) TRAL.
200 rpm T 1 BFfIR & 5 L7=#IZ No.5C DA (REAME) THIB LR E SIS
#EA L7=, pH (H2:0) FOEC O#H|EIZ= /%7 F pH A—H—K O EC A—%— (H%H
RUERT) ZAV., HEBEZERKROKEES ) UL KBS LYY 232N E LAQUA
twin, BHEEA A A—F— (B-741, WHREFT (UUTEER)). VIV VLA F L A—F—
(B-731), ANV T LA F v A—F— (B-751) ZRAWTHIEL:,

19



#F 9 VTNLEALPCROBEAEICBTAZERADT T A v —K U A 7 V50

EYEEERS i [akd] PA7NZlE 5 ik
FARY AN F a2y SCNE 5"ctagegttggeaccaccaa 3’ ?)55215055 Goto et al.
( Heterodera glycines) SCNe 5 -aatgtiggecagegiccac-3’ XGE;C;}Q}B] :S (2009)
FHERTY LB F oy NEGE 5"attecgteegtggttgetatg3’ %?52—23055 Sato et al.
( Pratylenchus penetrans) NEGr 5-geegagtgatecacegatang-3” XGS;C;SBI :S (2011a)
KTy Fary RKNE  5°gctggtgictagigtigeigatac3’ %?;“%—150; Min et al.
(Meloidogyne spp-) RKNr 5'-gagectagtgatccacegataag-3° XGESC c;)%c(:]l:s Go11)

3.2.3 BiTAE

T FF AR B E R OB & =< A E L ORfRIZEMARE ST L Y &
Tofe, £z, NEICEFRT ARFEZEAFTTTHDICERRST (A7 v 7T A Xk
MR 2iTo7-. FHEHEITIZIE =27 BAEr for Windows ver.1.10 ZfER L 7=,

3.3 R

3.3.1 HEMFEMERBRRULELEPEOSITHER

FARXVAMErFaviZ2To7Tay bTHRE S, 2014 FL 2015 FOFEIL 17~
9068/20g B+ DFEHETH 7= (F 10), ¥ XTIV LB F27iE69 7y hERK¥ED
7uy FTRHEINTEY (20144 L 2015 FEDOFEE X 5~T9 88/20g Be D FEFH TH - 7=,
FadvrFavizFoy h2EOK 13 [2hizb 26 Try hTRHEWTEY, 2014

F L 2015 FEDEEIL 1~93 §8/20g L+ DOFHEHE TH - 7=,

# 10 WY FEMRBEEOSIER (FHELRERZE)

EEER FAXVANELFay FEARTHErFary FrarderFay

mEF ID  (eggs/20 g dry soil) (J2/20 o dry soil) (J2/20 o dyy soil)
A 109 + 13 24 + 8 0 + 0
B 145 + 29 38 + 3 2 + 3
2014 C 177 + 113 33 + 5 1 + 3
D 440 + 382 31 + 4 0 + 0
E 120 + 9 36 + 8 0 + 0
F 1401 =+ 2298 46 + 7 13 + 22
G 83 + 17 50 + 13 59 + 29
H 70 + 15 5b + 21 36 + 32
2015 I 83 + 96 22 + 17 8 + 16
J 3093 =+ 2581 43 + 21 9 + 17
K 172 + 299 36 + 25 4 + 12
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HIB(LEMETIX 2014 £ & 2015 FiI2BWT pHH20) T 5.76~7.36, EC T 0.27~1.36
mS/cm, FHEEREZE R T 19~641 mgkg #t, KEMELD U 7 AT 40~550 mgkg #t, K
BNV T 5T 133~2608 mgkg B+ TH 7= (F 11),

#£ 11 HR{EFEOHITER (FHECRERE)

WEE EEE pH (H;0) EC THERRRZE S
1D - (mS/em) (mg/kg dry soil)
A T4 + 0.0 0.74 + 0.18 146 + 21
B 6.5 + 0.0 0.48 + 0.05 T3 + 22
2014 C 6.9 + 0.0 0.67 + 0.17 180 + 33
D 6.6 + 0.1 0.80 + 0.26 65 + 29
E 6.7 + 0.1 0.36 + 0.08 129 + 60
F 6.2 + 0.2 (.64 + 0.19 85 + 30
G 6.9 + 0.1 0.37 + 0.08 109 + 71
H 6.7 + 0.1 0.95 + 0.19 421 + 127
2015 I 6.1 + 0.0 1.22 + 0.13 162 + 47
J 6.3 + 0.2 0.65 + 0.20 33 + 25
K 6.9 + 0.1 0.91 + 0.11 225 + 53
WEE EEE KEEEH VDT L KEEANL T L RIEEHEY B
ID (mg/kg dry soil) (mg/kg dry soil) (mg/kg dry soil)
A 4556 + 134 394 + 20 22 + 59
B 96 + 13 640 + 99 8.7 + 6.0
2014 C 69 + 21 1339 =+ 378 10 + 28
D 172 + 67 901 + 130 56 + 13
E 159 + T2 366 + 268 13 + 6.0
F T0 + 21 1261 + 397 1.0 + 0.0
G 211 + 52 426 + 153 -
H 111 + 35 1291 =+ 349
2015 I 245 + 54 2280 <+ 361
J 86 + 23 1357 =+ 473
K 119 + 31 16569 =+ 395
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3.32 HENFEMEBRREERVLBERMEL LT ANE L OBHRF
2014 EEREICBIT 2D FEERAL =7~ ANEEOBRTIX, ¥4 AV A MEUF
2TV ROFXFR T L Far, FaderFar bilEEOMICADOHEBERED BH
7= (p<0.001, p<0.01, p<0.01, [X.5), 2014 FEREIZBT 5 LELEH L = F < X
IV & DR/ TIE, pH (H20) R UVKEEHES Y v A L ORIZIEOHBEIFRD b (p<0.001,
p<0.05), EC LKEHEA NV T L LDORIZADHEBENED b (p<0.01, p<0.001),

2500
SCN RLN REN
¥ =-0.1211% + 1182 ¥ = -22008x + 1946.5 y= 1867+ 11628
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WEHHEEMEBRBIZBNWT, ¥AMXVRA MV Fay, FERIFLEUVFaviinth
DT —FEy MIBW T~ ANE L OMICAOHEBEZR L (R 12), X7k F
2 7IZBWVTIT 2014 EEICBW TS~ ANE L ORMICADHEERRD b, HE#kEF
HETIL, KEED Y Y ARE L= F < ANEE OF THEIZB W TIEOHBENFRD bihv—
EDMEAZR LTz, pH (H20) TiX 2014 FEC= ¥~ AR L OBICIEOFHEBENED 5
Nic, KBEHEANL LT ARUEC TiX 2014 FEICBW T~ AUUE L ORIZADOFERIA
b,

# 12 FEREFERUEFEEICE T 2D FEER RO
THbFE L = ¥~ AR OFEEIRIER

T
2014 2015 2014 & 2015
r P r P r P
SCN -0.47  ** -0.44 ¥ -0.45  FF*
” ifig&o) -0.69  FF* -0.53  Fw* -0.51  FE*
% RLN -0.54 ¥ -0.40  ** -0.41  FEE
H
& RLN -0.47  ** -0.20 -0.16
] (log10)
S RKN -0.51  ** -0.22 -0.30 ¥
RKN
-0.43 * -0.28 -0.35  **
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pH (H,0) 0.63 ¥ -0.21 0.07
EC -0.47  ** 0.48 ¥ 0.16
;":f, NO;-N 0.15 -0.03 -0.06
|
gg WS-K 037 * 0.59  ww* 0.44  wwx
WS-Ca -0.68 ¥ 0.50 ¥ 0.11
Av-P 0.24 — —

(SCN: ¥4 AL A bErFay, RN FZF /¥ LtErFay, REN: Fa7ErFar,
NOsN : FERHEZESE, WS-K: KEMED ) 7 A, WS-Ca: KEMED NI T L Av-P: ATHEHEED ER,
*p<0.05, **p<0.01, ***p<0.001)
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3.3.3 EHERHAROHEMFEERRLE TF T ANE L OBRF

RIEiCHA RV A My FavBEL Y~ AR L OBREZMEIT L7223, 2 EFOT—
By hERWTHEITLI-L 2 A, X4 XV A M F 2 THIIEEEN 13~100 §F/20 g #+
DEETTH < ALEN 310~1811 kg/10a & K& < B2 v FEEREDH —0.51(p<0.001)
Do T2, AETIIZOREREZRM L,

A XVA M F a2y OB LITREIZRIEFTLH2ZLBMbNTEBY, ZhETO
WEIT L D LIRS IR E IR 25°CRTE TH 5 (M H, 1977; Alston & Schmitt,
1988), ¥4 AV A by F oy LB LT, thOEMFEERAORLEIRIZX Z X7
L& F 27 Tt 15~20°C (Pudasaini et al, 2008) , V<A X a7 F 27T 12C

(Goodell and Ferris, 1989) & # A XL A bk F 2y LB LTEY, 207, Eil
FRFHIC X > THFICBES T2 FAEMER BB RELR D LORRENL T, MHRTF~ AR
BoEMBEIIMAR2 A L 3 Alcarnizizd. 2 AEHEOT —% & 3 AEEOT — 124
JC, EFAERER OISR E =7~ AR & OBfRE T L7z,

2 AT ADT—FTIX, FEFI/H L FavRORas e FavEgELT
F< ANEE ORICADHEBENRED b (p<0.05, K.8), iz, LM TIImER
BERGERL ¥~ ANE L OMICADHBERBEFRARED bz (p<0.01),
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2 ABHEDEE L 3 HEMOBE LT HL A XV A M erFavitbBnlyd~
ANEE OBRFRBYEEL TEY .3 ABHEDT —F T~ ANELAOHEBEEZR L (p
<0.001, £13), 7=, HEEZERIIBWTHEMERNHIC LY =&~ AULE L OBEFRE
BLTKY, 2 AEHEDT —Z Tid=F~ ANEIZH L TADHEEZR L (p<0.01) @
WX LT, 38 ABHEDT —Z TlI— &~ AREIZH L TECHELZ R LT (p<0.01),

F 132014 FEERV 2015 FED 2 AEME U3 AEMIZEIT S
A A AR B R O E L & — &~ A N ER O E B ER

BEINE
2H Ml 3H EM
r P r P
SCN 0.25 -0.58 wE
SCN [3 * - *E%k
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REKN ) - e -
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3H EC -0.32 0.36 *

.

;‘ﬂ‘ Nitrate -0.53 wx 0.48 wx

B

H WS-K 0.17 0.70  ¥¥*
Ws-Ca -0.28 0.22
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*p<0.05, **p<0.01, ***p<0.001)
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3.3.4 EHERHROHEMELEFA XD R M UF o oBLEER & OBEF

AT ER C EMERE A B CAE 5 AE MR R O B L & — & A I & DBIfR 2 AT L7
FER. 2 HEMOBRIIFIA AV A MerFav o<~ ANEEORIZADOHBENED b
T, 3 AEMEOBEIIFRBERICEVWTADHERRD b, ZDDF A XV X M
Fa2UvFELz < ANEEORBRRIZBITS 2 AFHEE 3 A EEDOEVIZOWVTRIZIT
-7,

FARXVA M FavORLIRREIEKFT 228N TEY, ZRETO®RE
&% L biC R IR E 13 25°CRIE THh 5 (MM, 1977; Alston & Schmitt, 1988),
ZZ T, 2014410 A5 11 ADHARIR (AT A X R) LR (EH) OBEfk%E
T L= L 2 A, HEIMRED 0.79 (p<0.001) Thol-T-d, BET A X ADHNKIRDOT
— AP OiERNHBEZHEE Lz, 725 10 A5 11 A OfERNHRII/N IR & e L TF
BT 2CRmro T2 b, HEICE L TIAKRIBIC 2CEME L CHERE L, £
7o, #EELTemmHER A XA ey Fa v LERTHS 25CLLEICET 2EE
A& R, ML 2014 FER V2015 FERERO TS v A DOEMEHHATHS 2 A
b 3 ATAE L, BRARVRATY < A O—BRHZEEFBRYOIHE B Z{RE L T
iTo7= (& 14),
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384 3H15H 4H208 5H30H

3R T4 3825H 4H308 68108

KEFHFRERBEOBRLE -REHTD
EEALERBARICLDERRAT—UELEITHRE
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38 LkH 3858 4H108 5A208 23 27
3A4f] 38158 4F208 58308 32 37
3ATH 38258 4H308 68108 39 46
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3.3.5 EEIRSITIC &K MR DORRERDEE

THE TITHEMAREST 21TV, Y FAERE RO B EE E = 4~ AR & OREf&%
AT L2y, ZHRORF L =¥~ ANBMTERARBO bz, £D7, EREFHHI
CERROTZITV. BIUCBES T 5/ FOMERVEAMTT 2B I Rolc, EHEOEBER
FAT v 74 X @EREE) X2y, SAEEIEYEEERRLE LTI X
VARMEVF a2y, FERXTILEV T2y, XaTvTkrFavik HEEFEEL LTpH

(H20). EC. FHERRBZER. KBV UL, KBEHEIN T L E L, BIEREZ = F < A
NEe L7,

2 RICEMZ L7zT — %y MZBWTBREINIZHALEIIX ¥ X 7Ly Fay
BROMBEZRTHY ., WThbIEICH L TRIZEBSEH Tho7 (R 16), iz, FiE
REFREEOETIIF ZF X7 L F a2 vV RUHREZER CRBEDETH -7, 3 Al
EWM%Z LT — %ty MZBWGRBRESNEHRAZEIIF A XV A MV F 20 RUKE
AV TLATHY, FAXVA MU FaUBF~ ANEICH U TRIZEH S, KEMHED
VAR H < ANEICK L TEICEE#HE LTRSS,

# 16 EfEHIB O EE R R

EHEE BREAZH RERFEYE SE RERBEHR Pvalue R?

0y 1443 126 - ke
RLN -7.01 2.99 -0.37 *

28 0.39
HERREER -0.73 0.30 -0.38 *

Y =( -7.01xRLN)+(-0.73x B REZE ) +1443

e 1589 229 - ok
SCN (log10) -353 68 -0.56 ok

3R 0.70
KBNS L 2.32 0.65 0.38 o

Y =( -353xSCN(log10)+(2.32x KBNS L) +1589

(SCN: #A4 XL A bty Fa, RN : ¥X X/ HF LB Fa?, *p<0.05, **p<0.0l, ***p<0.001)
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3.3.6 R—JL T )L -Real-time PCREIZL 251 XV X b U F 2 VEMBRKEDIER

FARVAMeryFavlbof<v ANEEOBREARELN 3 AEEOT—%Ey b
AVTE/RAKRVERET VO 95%EEXMZ RO T, BIRHREZIER Lz, 7o, Bl
RERDBIZHIZY, SCN IREEH 17~40 5 & BB FREOEHE TR Sz~
A DFEHJLE 1441 kg/10a & 100% & U CTRUR#I#RZ SR D 72, 15 b7 BIRRUTIRERED
0.6006 (n=41, p<0.001) Thot- (H. 127%), BN TIL 5%IMUL T 58 §F/20 g #
+ (LAFEALRER) . 10%BUX T 81 57, 20%3X T 160 JF, 30%HIL T 316 JF, 40%HX
T 624 51, 50%BIL T 1233 R CTH-7- (H. 12 /),

2500 50% .
45% ’
2000 40%
y=-212.4In(x) + 2228
‘s n=41, R? = 0.6006, p < 0.001 35%
g I P V{X“/Z;;z‘zig'jﬁﬂ
¥ ERETLOsEEER ~
g 1500 & T e 30% oE e 959 {EIRE
= < Eig PR | T
M 25% o8 41 62 28
5‘ B 5% 58 89 39
108 81 128 53
I ® 20% 15% 114 185 13
= 208 160 266 100
H 15% 26% 225 383 137
308 316 552 188
10% 35% 444 795 258
| 40% | 624 [ 1146 | 354 |
45% 877 | 1650 | 488
5% 50% 1233_| 2377 | 666
0 2000 4000 6000 8000 10000 0%
0 1000 2000 3000

FAXLAEL T2 BER (/205 L) AR Ao F 2 B (/20 g85:5)

.12 #A XA M FavRBEL < AREOBRR () RUBIREGERE (F)
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3.4 B

2 EMOREICBN T, AEEZ LI LIERTREIA XV A MV F 2V RUFH
XYLy FavibRradwrFavtodv AREEOMCBERERELNEZLOD,
A RXVA M rF a0 LERICER L CERERIRICT -2 20 T 522 L TRR
HERERG LN, 3 AEEDT — ¥y MNIBWTRF AN AV A v Fav s~
AR & ORI ERESE S, EC (r=0.36, p<0.05), IEEEREZE S (r=0.48, p<0.01),
KEMEH Y 7 A (r=0.70, p<0.001) EILE L ORIZEDHENFED biv, EERZHTIC
BOWTHKEBEMES Y 7V ARREEZEMEIE2BZ0H IR T L L TRBRIN, BEEOH
RIZBWTH, YA AVA M FaURFEETHES CTRELZMVTER L 3~Tkg/10a
BIET 52 L THBX LB L TH A AOIWREDN 3~32%KEBINZ L (IH D, 1992)
RTHEFOH ) T ARENRF A AWE L EOHBEEZRT Z LB3#EIN TS (Avendano
etal, 2004), SEIDERIZB VT HH A XV R b F a7 X ABIENEE LT
VIRIATF (A4 XA MerF a2y O LERICR S BERZVEEGT) BV TIExE
HEPBEICFEL TWEARBINOREN B 252 LEZR LTV,

HBENZ LA XV A b F 20 OFEERICELIZS WEEZ NS 2 A EMBHO
T—=EEy MZBWTIX, FAXVA v Fav by~ ANEEOMCBERENED
LT, BERRONOBETHLIZ XL FauyRNBEZETESEIRFLE L TR
REN7=, Schmitt & Barker (1981) 2L B L XA ATREIFRXTFLEVF 2 vBEN
6 58/20 g B2 LT H%BUUCEL, SEELNEFZ R TP Ly Fav v ANEE
DOBIRTIZ, 758H/20 g 81T 5%BULZEST 5 Z &b, REOBERTHS, £/, £ O
bt &R & ORIfR TIXRBEENEOHBEZ R E T, MBEBERN = v ANELA
OHBEZRLEZZEND, FEIXTF LB Fa I X3RN EIREREEICL > TR
BEndZ e, MUMICBEEEE L VWO TS~ ADOBIICEAEL TV DL
R Sh5, L, EERSITOFBR CIXREREN 0.39 LEINEEFHIT 2 LT
+o R REETIZ < 2 ABEO S < ABFIC OV TIBINER 2 BERMNT 2 LERD
HEEZOND,

3 AEHOT—% ¥y M AVWTERRRNLZRDIZHEOREREIL 0.70, HEIFSHT
T 0.60 LWIHORETH -7, BEOHRETRINTWAERRIRFERS L IFEEIRFROKE
B (REMRED 132056 (Villamil ef al, 2012), 0.76 (Chen et al, 2001), 0.89 (Francl
& Dropkin., 1986) L g2 5 3, 5B &= FRIROREE IR Z OFEHICA->TEY
FARXVA M FayIil LB EZ FRIT S ETREYRRE T LELALND,
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72, BONERRAKEETIT 81 Ji/20g B EDEE T 10%BINICET 5L VIR RTH
ST, ZORERIZEED (2010) BHE L TWAF A XD 10%HINIZET 5 SCN HBE (19
30 9p/20 g B2t 5D VWHITEIC X ABERE) IGEWERTH o=, 207, Real-time
PCR BIZEX B F A XAVA N FavBEORETHSDWVaITE L FRRICT X~ 2 DR
INHEEEHRETEHbDOLEZLNS,

3.5 B 3EEH

AETIX, A—/L I - Real'time PCR EEZ AW F A XAV A MU F a2 U OERERK
EEERTHAZLEZAME LT, BERMOFA AV A e FavIlBEL =¥~ ANE
EOBBRERE L, TORBER, FAXVAErFav bt~ AEEOBRIZER
BREARIC B2 > THEY 2 AICEME LB I A XV A M v F 2 VIBE L =4~ AL
B ORMICADHENRRBD bNRVDIZH LT, 3 AIZEM LIZEE TIEF A XAV A MYV
FaUEE L=~ ANE L OMIZAOHEBERRD bz (R2=0.60, p<0.001),

2 ACEHELIEBEDT Y <~ ANBEEHAT HEHR L ERROITIC L > THIT LIz L Z
AH, XERTH VB F a2 VBERUHBEBERSEN =¥~ AEITH L TAICH
FELTERIN, RERIC 3 AIREMLEZES TIE, ¥4 XAV A MU FaUEER
TH 7 AREICK L TRICEHEFL LT, KEED Y 7 ARENEICHEFLE L TE
Rani=,

EFEREHRNCEESTORFRELRLIFEREL LT, A XV A MV FaviTxtd HE
DEENEZ DN, #E LIHIRORR1O, 2 AICEME LB E TIIFA AV A MY
FayDORLERE B 26N 5 25CIZET 5 BT 7~ A OBRRTEHLIEIZ 9 B D
18 HE A< | 3 AICEME LIRS TIIEMER S L < IZBATEHLIAT S 25°CIZET S5 H
BREAEL, TOAHKITI23 A5 46 HE 2 AICEM LZHE LV b Eh o7, Bz &
5.3 AICEM LB BICFA RV A b F a7 DRMER T F < A ~DBRYENREL 72
V. 2AEMWEDZF <AL EFTA XV A M F202FE LERBIEERE LTV E
EZzbhb, £7=, A—/L IV - Realtime PCR EZRHWEF A AV A MV F2aUDE
PiERKHEL LT, # A AV A MU F 2 VIR 81 /20 g 2+ ThH 5 & 10%BUUTET
5 L DWEERBRIHF LI,
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4. FA XV R M UF I DEYRBRFEDORSE

4.1 EPLBREICKDIFA XV R MU FaoBRFZORSE

B #Y

Toyota et al. (2013) 12XV, LR LEELEZ HEICHEMTEZ LT, FA AV A MEUF
=2 U OFMEARE L, BRIV TIMEER (CTHISH) BSOE%EN LR 14 FE
THEMT2Zemahiz, £, bROLAEZ 2HM I LICHBICRHLT1% (wiw) &
4%z & T, EBRRAHB»D STEMTHRAN IO %NDF A XTVA N rFaviizRl &
HZEIZHHALTEY, ZEB b LS BB S 2 EVWRZ L THIEL TV 5
ZEERRLTNS,

T ZTAE TR, bR LAEREICBO TIHMUEEDR OB OWELZ SR L, BEEER
DO EEHRMEEEZBDEELZL2HNE LTEREB I o7, £z, BHIZBWNT
LR LBBEORIMICL W A XV A e v F 2 VINEELZER TE 20 RABETo 72,

411 ENFEE 3OLOBENF A XL R MU F a0 NEEERDREORIE

4.1.1.1 B

LR LDAETESCN v NEROTH THREOHTV D HRLLHTW ARNERL, &
FAENLRIR 22 EH 4 RIREO LR LAERE L L TREIN TV, T TAETIE, BE
DOHEEB LV, BRI - BOWMAOBNMIEFEB L, TRLENOHERLIZONTH A XY
A M v F 2 VIIORURERBR Z B 22\, I UREDROE REZ R LI,

4.1.1.2 #ELL FiE

TIAF v I BRIIKESERTBIERLEE. ZOLIRELLLOETF () V75
FARENLABEINTET) %@L, T0%. BEHT. 25C, 3 B, £FIET
EOHTWRWLRLEZRIE Lz, £0%, — MO LZAFHTICE L, =R, 1 B
AFESE, BELELRLEZRIELE (K. 13), £0%, £ L2 EBRICHT,
HRITHETHHBRE L, T, EHLLOREICL bW EBIERN B> T\ ks
50~75 ml Y H L7 (LLF, BARRRIR) . BUERRIEIZ S0 L DR 555U S h 5 FH LR
EMEZGOWEERH DO, GHREFEL, RBRICHEA L, FM XA UV FariT
*t3 5 8 AR R A WREE LT,
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HREIBIRERETIZH LA AR M Fa vFERES P OER LB EZ bV

(A XA MU F 2 VIR : 5375+1547 §p20 g $+, AR—/L 2 )L -+ Real-time PCR
BICXVHEE), EBRIIT 7V ARy b (BEE6S5cm & 5cm) TEI/kok, 77U KRy
MIAKGREZFBRBEKED 50 %IZHEI LT F A XA b FaviFi4EE 50 g 2%
HL, BER - BER%, £BobR0 LEEEZZAEN 1g, BERRIZIn (WFhbE
BHT2%) BML, #H#B LA, D EOAEIZH L, RICHLEMEFITRBROAB IR E
BXEZXRX L Lz, EREMIZ48ME L. 727V Xy bOXEIL 3, #5313 BIOTRON
LPH-200 (2B T 25CER TR Z 2o 7z, b LREDOWRMNGE 2 B, 4 BE OFRE A (8
HT) TEHEEE10 g ZBERL, VL EICXYRBEZHH L, BRAEERREBIOS A
RV AN F 20 ZHS R OEFRERE R LUz, 70,4 BRRE U7-Re R (ERETH)
IZFE - T- 1% 60CTHRR S, £DH 520 g #AR—/L I )L - Real-time PCR #EICHEER L,
HEFDOF A XA M F 2 VIRBEELZBIE L.

.13 HRLELPL Lo LR (£ BEM, 4 BER
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4.1.1.3 #ER

B HATEER R OBEEROHESE T, FEEE C ks X0 4 BE%), ZBoRHO
HEICEDLT, BAMEZRNT 52 & TEHFE 7977~10399 88/20 g 38 (LIF. Hfz
[FR) . IRZWWMNS 2D Z & T2733~3163 BH, BAEMIR TIL 239~293 B TH -7= (. 14),
SO OFRRE T, RAL, R, BIEREOIBIZ B BAEERBENZ AR LR
272 (p<0.05),

M 23 Mk SR

HEE 28071 18324 153£74

b 10 ] 28071 10399£5229 | 10008£2186

BN |18 280+71 | 3163£187 | 19701448

BIEME | 280:T1 239237 248401

KA 20+71 | T9TLSTI8 | 9523148

LE ] 20+71 | 27360 | 2413808

BIEME | 280:T1 293201 150114
o |
= =|=
El 5|5
- o

B B 4 TE 1 s (20 g2 L)
S EEBEEEERE

L 35§ $(Fisher s LSD)
’—}‘ EBF | k81 | ki | Tl FEE] 3 | PE | aE
o e e = = = o o = O o
| e|a dr | | e | | o | | A AESE e ETFA| M| sAME | 134 4052 82 |0omw
EE|EEE L EEEEEE EE|E(E[E=E
EEEEE 5315535 EEEEE! EFE| BMN | EMi | 438 | 334 | 490 |0408
13 13 L " " 13 13 .1 # 9477 2570 | 8907 (0000 o+
31 # | MiEWmE RN # | RiEsE EFC| e | miteaem| 9477 | 33 | o244 {0000 |+
HEBE BN B | il | 2570 83 137 ooz |+

p <001 Yp <008

B 14 & 50 L LUBLARMIR Z 30 L 2B 0 B B A TEHER s o #EB R Ut
FIMP A B BAEER BT RIETRE (EYECFEFEZE)

FARVA MerF 2y Z#shmEid 2 @MRE L7-RA T, BORBOEE, AL
Bbod, B LB L T2~ EOBEL o7 (K. 15), LU, 4EMEE L7k
AT, ZHSREITRX L 8 U CRENICERRET Do, BOTORERIC
BOWTHEORERMOAESTHAIC L > TZHHREITGEWVIZA LT, BNPOEVIC X
HEIFIR O (F 17),

120 160 _
RERRE A o2 E M
= 140
100
s % oo
% 2
§EO B 100
&
gec g =
] Tl
40 L
2 g “
20 nr
0
0 . . tﬁ!&| # |ﬂiﬂ IE!&| # |Hiﬂ5ﬁ
EE ALY 2380 8 4R HBE BEm BES

K.15 #£H°LBLUBERBZERNLIZBRO S A XA by F 2 v “Hgm#o#R (£) kU
KRGO 2 BRZEO M BEOHE (., FHEIFEERZE)
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£ 1ITHEOLRPLBIUBERERERMLIEBEOX A XA M rF o v Z#Hisha$os (£, FHEx
BEERE) ROSHRNHBRTA XA MerFa v Z g hic Rz e

RERBARAES 2sER & SEME 43843 7 ] (Fisher's LSD)
HEBRE 204 33425 25215 BEF | K#E1 | KE2 | FiHiE | FiyE2| £ | PE |uE
BRI 2024 10140 3540 EFA | 28R | 48R8% | % 21 69 0000 | **
BRI 4R 204 11130 180
BE¥B | BEf | BEs 63 49 14 |0192
|tk 204 89+52 2245
E R # 53 66 12 |034
AL 204 53+6 23x12
BEE 1 204 117£17 1713 BFC | amm | Blswg| 3 48 5 o684
Bl 204 7076 11=12 # | sk 66 48 18 |0.178

**p <001 *p <005

EBRBEND 4 BEZICEWTREOHEIIEDL T, M XA v F = 7R
HRRIX & Hel L TR TR 172, 1R & BABRRIEICE VTR 1/10 T TEA L7z (K. 16), %
oo SEOTO/BENLBEOCHFRICEHDLLTEAT LY bR2 L CICHAERIRIZIE T
TA XV R MerF o VIR Lz,

10000 o AL AU Far
9000 BREREE (BAU20 o)
4 8000 § e RERRAILEY 53751547
& 7000 | o=y 4769+3003
é" 6000 | BEEN 2551797
B 000 | FRIEAT i} 549+134
% ab b R HE R 434+374
$ 4000 ERS 1909+1115
3000 ¢ BE®| # 343+279
2000 b b b b BilEME| 6562250
1000 | :
0 B 5385} H7 B (Fishers LSD)
® | 0o | B |8 | B | B | 8B | B @\ | kEEl | k#2 | wagm | Fam2| oz | PE O [wm
ﬁ E g E g E p-3::- 1 # 2230 446 |1784 | 0.000 =
E -4 - BFA| mw | miEm®m | 2230 546 1684 | 0.000 =+
BEN BER # |mmwm| 446 | 546 [100 [ 0774
@¥8|mem | mme | 1 | 96 |20 | o0dss
R

€. 16 EBEEID 4 BERICBITA2ERNBRE LA XA M rF o viEoRbicbEx 5358
(HEOTNT 7Ry hEEERVBITHEEZD Y, Fisher's LSD p<0.05) ECHENHOEVE LT
LR LDRBEOHERT A XV A M UrF o v IC RITTRHE
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4.1.1.4 E%

BREOCHECEDLT, b LREORRAHZAEM LB B AR R ENE
BRBAAARE DD 2 M % KO 4 BRI IZIBUVT 28~30 5N Lokt LT, REEMT
B2 ETT~11 1%, BEHRIE CIXBEEREMIBD bNehoTz, 20728, BHBEFER
HOWHEEZRT L LREOHMIZ L LORAE., ROIETH Y | BIEHIKR TIIHME%
RIBRITLNEEZILNS,

RU=2VEICL>THHLEA A XV A b Fay Z#igaE T, dREIY %
ERX CTHSGREAEM L., ZhiE, £ LB LOBERREZRN L. Z & TER
BRtEH S 2 BREIBICBWTH A XV R b U F 2 7IRORMEIMEE S, —BEREIC 1%
HEAEMLZbOLHEIND, LAL, b LOFEMA KR OBLAERIRZ #N L 7= 38k
X Tt Sz s B EUCEN o T2 2 E D, UL VEIC X DR TR
ENROBWEALIZARE TIX e n o7,

4 FEHDOAR—/L )L « Real-time PCR IEIZL B F A AV A MU F 2 VIO RIERS R
TiX, BEOFEICEDLT, ALY bR X VMAERKICEW T A XAV R MY
F a2 UIROBLRBEE TH o7, ZOZ LD, RICHET HHAICEOTEWILIRE
PRERHDHEZEZOND, L L, EBRBBE»D 2 BEGIC NV~ ETHHEN A A
RV A My F oy S BEAHK 100 58/20 ¢ L TH LI LT, 4 @R%OR—L
I )b + Real-time PCR # Tl 2500~4500 §7/20 g e+ DFHTH A XA b v F =2 705K
HLLTEY, BUEEDRIZL > THELNS LBESHh S Z#ghmEic LT, B L
A RXVA B F 2L ORICKREREND -T2, 8 (1969) TiX, BENFEL
RWEHTTHARVA M F a2y “#ishh% 258020 g HEOBE CHE~FE L TR
REEICA V= VEEICK Vi L7, £EORR T, SEE#-OERE 1S B T~
VET TSR SN, BER 1S A28 5 L ZHigBRiEREShRhol b &
NTW5 (82,1969), UL EDZ &6, 2HBMAFEB LICEETIA AV A e Favn
High BULEEME 2 o\, BEICERIER O RICE > TWARBEENRE 2 bz, FDHK
B TREFFAYIZ A —/L 2 )L » Real-time PCR 2 B ZRWKREET 5 Z 12 LT,
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412 EAHAE HOLORIZEB LI-FMEOKRE

4.1.2.1 B

RIEIZEBWT, B LOBAEEZHRMNT 2 2 & TERBRBHENODF A XV A MV F
= 7 BRE EE DWD HEITH 60%, BOIALEZTENMT 5 Z & TH 0%DOBAVETH 7=, ZD
72D, ROFALIZENWT A AV A M FaVIRRERBIRE RO S LEZ LN,
ZODAETIE, bRPOLORIZEBL, A4 XA MErFa v IOzt L TE
UTHHEBZONOITMEIZOWTEREZB IR o7,

4.1.2.2 #ELL FiE

T2 60 LORITATE TR R ORERRFE L2 b D E AW,

HRTBIIFEERIZHD A XA M F 2 vERAGHOER L 82 b i
(FA XA b F 2 7IREEE 427721693 9R/20 g #2t), EBRII7 7V Ry b (BEE
65cm HmE Scm) b bW, 77U Ry MIKPIREZBEREKED S0%IZFHE Li=4
ARVA P FaUiBEREE 70gZFEL, bR LOREZNEN 1%, 3%, 9% (w/w)
wm - HHE L, U EORBEICH L, RUITHTRMETICREOARL 272 5 EREK ZXRX
& L7, EBRMMIZ4EME L, 727V Ry bOXIEIL3, 55313 BIOTRON LPH-200 (25
WT 25 CEIR TR IR o7,

RIEIIZ BV T EIZ L > THIE LT F A XV R by Fa v g BN ERK
THEE TIZED L0tk b KERERD > 772, AETIIERMB1S 2 AFBED 4
W %IZAR—L )L - Real-time PCR 3% H H W T, RFRIICDNA BEZFA~SHZ &Iz,

EROBFEIT S LEREOANE 2 @M, 4 BEEE L7-R R THE 35 g #8BRL, &
—/L X)L -+ Realtime PCREZ B2V, HBHOX A XV A M FavIMEEZRIET
HZ &Iz,
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4123 R

EBRBEG D, 2 BEZRICBWTHRX THHEE (4277 5020 g #t, DUTHEALRER
225 2901 RE TR L7 (K. 17), IROMALZ M L7 ERX T, 1%RMNK T 423 5,
3%IMX T 314 5B, 9 %IRMEX T 597 IFE TRA L, 2TOERKIZEWTH A XV R bk
YFa VIR Ui, £0%, 4 BREGE U7-RA (ERETER) TIIBX Tl 3088
BR. 1 %I T 347 BB, 3%HMNX T 230 5F, 9%AINX T 274 JRE 2 B # A5 4 @&
TIRIZERIT O OHB TH o 7=, BT ORR TIL, BREE Q Bk L0 4 BH%)
BLOWME (1%, 3%, 9% (Ww)) IZXo>TH A XAV A My F o v 400 I~
300 R TH V|, FEHICER REIIRE SN2 o Tz, EBRBIIGHR O ORI ETIL, X
X CIE49 30 %, HROTALZFHM L= EREKICBWCIIRNEICED 53, K 90%DH %

Thol- (K. 18),

6000 Eppre | oEme | Eune
p——— #AE | 4277:1603 | 2001833 | 3088:02
5000 1%
B o 1% | 477+1603 | 4234318 | 347205
i‘wm %% % | ameess | 3140 | 2ee1s1
a 9% | armeee3 | sere10 | 274203
3000
E
& 3825347 # (Fishers LSD
& 2000 mF | Am | xme |wow | wom| 2 | ow |as
v
EFa | aEME | sBME | 445 28 161 0.106
1000
1% £ 385 m 113 0338
0 B¥s 1% o4 385 436 51 0662
RERRRIA R 28R % AR #® £ o m 3 |t | am

**p <001 *p <005

.17 bR LIBREHFMLUEZBEOF A AV A My F a2 vIOHS (FHECZERZE) KU
REFRRIE & b LIRDITMERF A XA b rF 2 vIRICRIETRE (CaiBEs i)

*

100 r . m
R —I— I HEE EiE =
S 80 ]
> 278 52
1 HEE
2 60
= 1% | o010 48
=N 40 L
6 1 ROFME | 5, | o6 35
A (wiw)

0% | 036 47
0
1% | 3% | 9%
HEBE HPLEFENE

[X. 18 EBREEENLERKETHEEI TOYF A XV A e rF o viioHE =

CEHE AT RE, MR L OMICEEZSH V. Shirley-Williams test, p<0.05)
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4.1.2.4 EE

BOENLZFMLIZEREX (1%, 3%, 9% (ww)) IZBW\WT, 2 @MRB L-REATY
A RV A by F 2 VIREIIERBIMAREOK 110 TR Lz, o b, EBRBILA
2H 2 BEETOMIZEA XA MerFaviloRk, Z#Ah oIt L O HRED sy
fRNB 7, DNA BRI, Bd LTna EHREN:,

T, AIEOERICENT, EBKEND 2 BEZOL~ UV EICL > THlESh
T FA RV A M rF 2y ZHigh B s E B TRIZAR —/L )L - Real-time PCR 2 X -
THELEFA XV A M2y F 2 VIMORER L OMICRE RZEN TE 201, 2 BEEE
L7 R CREDI L L7 Z g 3 EEEZ RV, BRI TWeZ LBFERTHD &
HEII D,

SEIOEBRER1D. 1~9%DFMETIL, 2 TOERX THAENK 90 %THY, K
EREI R D oT, EORD, EEOHI| HBE~DOFMBIIHEEOEERE L EEL LT,
Bt A2 Lic Lz, BHRKEANRERL TWD, HIEEEED B RIIKSAHIEL IO
AHHERT 120102 TH D, (EHEZ HEREHD 15cm FTEREL, SEIOERDE
MEZHRETSH L, 1%:13010a, 3% :39110a, 9% : 11.7t/10a £ 725, 9%DHFEMET
(THEAEDSEAREIEDK) S fF L 20 LI ZIALF NEBET 5 LHENTIIRWY, 1%
BLO3%RENPELY THD EE X, EROBESICHIRM U BRICEEERBZNRIMET T 57
BEMEEZER L, HIEHEEEDOREREICHT-5 3% EROBBERBRICERTAZ L& L,

44



4.1.3 EHHER

4.1.3.1 B

ZERARBRIIBNT, YA RXVA v FavEREBCLC LEREEZRNT AL TY
ARXVA M FaVIBEEZEBRTESZEZHALNILE, FOD, BFCBWT
LR LBEARMT A2 THA RV A b Fa VB EL R TE 20 RiET 5L
 BRICESRBREZ B IR o7,

4.1.3.2 #EHL FiE

RBRIIEEBAFPHICAE S 21FHIC 72y b (50 em X50 cm) ZFRIT T I Ro7 (

K.19), 6 2070y hDHH 3DEHR LERELZTRM UK T 2ERKX, &Y 3 2idxf
B E LTMbEMEFIcHBORBOARB I 2 ) EBRR & LT,

EBRIT2010F 9 A 17T B ORtA L (=4~ AFE#%), K. 20 12H° LERERMO Z
AIVITBLIOHEY TV TRV 2a—VERT, bR LBERMICL S Z A XY
A v F 2 7 IRE R ROMRIEIT 2010 £ 9 A5 2011 4E 6 A £ T 2011 fED=
F<w AFHEHD 8 AN D 11 AT TE I o7z, b0 LEREOHRMENT 1 BlOFHRMZS
EH¥12kg/7ury bE L, HEOV 7Y T iFNN— b A —H—% L BT HIEEE 0-30
em FTEXMRE L, 1 Fuy bbb 3 RERE, 1 2OV 7Y IRy ZIZANRTRE
L. 150 ~ 200 g ZH% > Ft LTELR-T-,

B L7 7 VIIHEE 5 mm D50 EBEBLIEL D% 60 C, 24 BRIy, A
—/L X)L - Real-time PCREIZHEA L, ¥/ XA MV F a2 UIRREZHIE LT,

B%IZ 2011464 A 26 BICHIEZ FRSE2EMNTHROLEBEZRMN L 2#%ICERE =
—NDZNTFERBI o7,

.19 H° LEERKE XU BROBEXE
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gzglgq; 10828 | 11898 | 12898 :E‘Z‘;E
soumman | .o | O o o 0 |ieom
Ty T BIERT o] (o] (o]

6H 168 8H19H 8H25H 9H9H 114108
voLmmEn | . ayen| © o
tayoTysy |PEREL o [BERT o o

.20 b LBRERNOIA I FBICEEHY TV T OART P 2 — VR
4 A 26 AOFEHE =— L= /L F O

4.1.3.3 ERBLVOEE (201049 A~201146 A)
I9AMPLAAIZHTTHRLEREL ABHRMUZS MR LB L TH A AV A MY
F 2 VI OBERBITH LN o7 (K. 21), 4 ADH 6 BIZHTTHROLEELY 1
ERMLZE Z AT, HREBIZFHIVOEBTHEOICH LT, bR LERERX T
¥ T0%DPORTHY, A AV A M F 2 UIERBO T 2EmICH -7,

12000

10000

4000

SCNERE EE(BR/20 g 2 1)

2000

HEE

20104
98178

12898

6A168 | ¥

20104 20114
BRE | op17n | 12808 | 48268 | 68168
IHTA
il BB
1| 5904 | 6415 | 2716 1511
#ER 2| 6418 | 2824 897 1247
3| 3186 | 1403 | 1155 1267
1| 7815 | 10444 | 3992 1668
L
mum |2| 5678 | 4sss | 3335 559
3| 5934 | s816 | 1573 643

E.21 IBEBLULLLBEROF A XL R b rF o IR
(FRERBHAGIE 2010 4E 9 B 17 H~x &= A 53150 2011 46 6 A 16 H,
THUEE 0-30cm, EPOEHEIZLH20g b=V DF A XL A bk F 2 VIR
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RBEIZBIT RO EOFEHMEN T1% THHDIZH LT, b LEEBERMX TIX 86 %D
BORERTHY, bROLBEZHRMTEZ LT U4%EL FA AV A M F o v IR
Liz (. 22), =& < ARBEBFEBEOF A XA MU F 2 WIRBED LB TIX, HRX
EHET S L AR LBRERO T oy b1 TiE, fRX & s U THEERZEILR D o 7253,
7uy h2BLV3ITBWTHBR & B L THI 50% DIREEE &L 72 o7 (K. 23),

IA~4 AIZh T THRLEREZEMT 52 L THEX & 8 L THEERBDEL RS2
Polz, Zhik, FAXVA M Fa U OBLICRENFEZEICBARLTVWDS LEZON
b, BENRBRIZBWTH A ZVA MEVTF 2 v OREICHT 2IREDREZ {76 TiX
B 26°C. KE 22COFREFETIZBWTHEROMELRICARSL Z LRI TS (Hill &
Schmitt, 1989), ZD7=®, bR LEEZHFML THRESRGIZL > TIMESHEES R D
DEWEEIND,

100 FAE (%) *BE LPLBRER
e | Javk1 T4 79
< Javk 2 81 90
Et 60 Zavk 3 60 89
fl 40 | EHE T2 86
BEREE 10 6
20 ¢ U-test p=0.13
0

H. 22 HEEBLULPCLBERICBITAF A XA e rF = VIR
(FRBRBRAAEF 2010/9/17~x ¥~ A $FEEH1AEF 2011/4/26, FHOEEITHAE (%) E257T)

1800 BoE%) | #HER | LPLBRER
“ 1500 } Javki 1511 1668
8 1500 =) 1247 559
S Javk3 1267 643
§ 900 i
% 00 TigiE 1342 957
B FEREE 147 617

300

t-test p =035
0

[{. 23 =&~ A HIZHIERICBIT ARBREBELI VLR LBERDO S A XV R b F o Il
(20114 6 A 16 B +HEEE, 0-30 cm)
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4134 ERPBLUEE (201148 A~11 A)

BERDETA XA M F 2 VI TIE, XBX T 1370 /20 g - THDHDITH L
T, bOLEREXIZBWT628700/20 g +THY, P LEREBEXIZBWTH A XA K
BUF 2 UL ot (K.24), 8 A 25 HIZHLROLBREZEML., £ 2 BE%ORE
21, ABEEAIZFRIOCOEB THEOICH LT, bR LBERK TIX 68% DBV RT
Hole, TOHIA 9 BIZHRLEEZRML, 11 A 10 B £ TOHEBIIHBXIZBNT
70 %DWLRTHY, bOLBERX TIX41%DHARERY | HBREICBWTHEHAORNE
K 2pfEmERo7=, 8 A 25 A2D 11 A 10 B L TORPRIIHNBRO T a v b 112
T8I%EMWVBADRL oM, 7uy F2EBXV3 TIX43%B LT 55%DRMAVETH -
7o (1K.25), BEIZH L THR LARERNX TIEZ 2 v b 1~3 123 T 80~90% DA
RTHY, MAMITHEREITZLZVA B LEERNNKIZEB W TR RD 25%m< 1255
Bihot,

8000 . 20114F
_’H“ < BH26H 9fer | 11108
i 7000 n 57
.
6000 | v HIRE el Biat
b= - — - - HPLEBEE
=l \
< 5000 1| 1319 1656 249
=
& 4000 smE| 2| 2333 2524 1324
g 3000 3| 458 943 204
=
2 2000 1] 7611 1167 1171
3]
w1000 ;;E 2| 7150 1871 748
0 — o 3| 4009 2270 853
ﬁ ) =) =]
- ™ om —
I o
@ b

.24 HBEBLIUVHPLLBEROY A XA ML F o T OH#BE
(=&~ A FREEHE T 2011/08/25 726 11/10 £ T HHEEEE, 0-30 cm)

100 WLE (%) *HEE PeLRER
“ Jovk 1 81 85
= Fovk 2 43 90
g 60 Jovk 3 55 79
B 4 | T8 60 85
% HEREE 19 6
U-test p=0.13
0

.25 BEBLIVHPLPLBEROY A XA bt rF o v IiOEAD R
(&< AFEET# 2011 4F 8/25 76 11/10 £ T)
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11 A 10 BOSPEETIIRBROT 2 v b 2 1I2BWVTH 1300 /20 g #E L 0 LERE
Ko7my b1 (§ 1200 5p/20 g #a1) LRRE, R LERERO7my F2B8LU3 T
1389800 9F/20 g Bt L BROTm v k2 LY bRVt ieol, bo b b H A XY
A b2 Fa UIRERD R RoTeDiR, HBEDOT vy 1 IBXT3 TH Y 200 /20
g Bt Thol, 371y hOFEHTIE, MBXIZEWTHI 600 5F/20-g #zt, &L LKRHE
X T349I 900 Ji/20 g L THY . MERITHEREITRVE, bR LEERTY A X2
heErFaUIRBEERBVERE RoT,

8 A 25 HURIZHR LREZIRNT 5 2L T, GO A AV A M v F 2 vINEE
NH, K 80%MMA Lz, 7272 L, MBRIZBWTHEAER 60% L@, ¥4 AVA M
YFa IR ERRED L IZEEEREILT A L TREL TV A, b LIZKEMAED
WL TINEERBAO LTS b0 LEEINS,

1500 HEBR HPLBER
y 1200 JZovkr ) 249 | um
™) ZFOovk2 1324 748
& 900
g Foyk3 204 853
‘g 600 Tyl 592 924
w -

634 220

200 RERE

t-test p =044
0

.26 =&~ A#HEET (201148 A 25 H) 62 » A% (2011 4 11 A 10 BH)
DOFHBEBLIUHPLLBEROF A XA bELF = 78iE (0-30 cm)
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42 LPOLRERESBRICEDFA XV R bV FaoBRFEORSR

B #Y

INETIZ, bRLBEILIAZFA ATVA MU F 2 vOBRIZOVWTENRBREZ B Z
RO, BRLIZFARVA My Favilud 2BERBSIERRH D Z EBRHALNTRS
Teo LIPL, BRLEBRETHD L, HBICTEZRADLERDH Y, FHEHEPICFIATE
72U,

ZZ T, 411 OERRBRICBWTRERICEEN 2B E HBICHEMLIZRICL XA X
VARV F 2 UK L TEEBBSIENR D T-RIZER L., FA XA bEVF 2
U ORHLIRENE THH TV v ) 2 VEVARA UV ORIZEENDLEMTH B2,
AT DRRUSN NS M SN D KEHEDEICHIBUBEDIR  H D Z L 330> T 5
(Riga et al, 2001), BEEMRICH XA XV R bV F 2 TIREBEEBZIRNRD b
TEMD, BRLICEENDMULEEDE LAKBEHED L IIBRBEORETHFEL TEY,
HRLLEKRERET D Z L THLIBEDREZETHKERIBEOLND LIS,
ZIZT, bROLBELAZREA -RE D LEBREER L, WRORETHE, F
BEEDZREPICEB~FTNTE L THA RV A M FavOREERREZXS Z
ERTEDLLEZDND,

AEICRBWT, ER U 2BRE BB LD XA XA M F 2 v I R
PRBLCHEY~ORELZZNRBR LR OESRBE THLMC L, RE S BROLFEEZHIE
L7,

421 ENFEER L POLBRERESDBIFTAXVA MU Fa0NBEES & UHEMIEIC
RIFTEHE

4.2.1.1 B

LRLBRELKEZRE - RE D LIEBEREER L, 20OBRE HBCHRNTsZ LT
ARVA N F 2 UINEERBNRERIELL, £z, MOEHEZREEPICHPO LKRE
WL OWMELIBITIRMT S ZLE2BEL. MYOEFTIIXH LT, LOXIRERBEZRIET
PRIET 5 BRI TERICB W TRy FBRZB 2o T,

4.2.1.2 kL FiE
HRLBERE SIROERFEIIV S FarEnbRMtEN- b0 LERE (250g) %H
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Fr, ZEAK (750 ml) & 1:3 (wiw) OFEIETRSE L. 200 rpm T 1K/, #]RE 5 L7,
REH%, No.2 OAMERAV, ABEBIRV, bOLBEZRELEZLOEZ L LER
RE S (AT, RE S| &L,

Ay FRBRIZ, BRI cm, FE300 ml DE=—L8ORy hEHWE, FORy MM
FARXVA e rFayiFitfiz 150g 3 Ui, P~ EZ AT 5 72O ICHEHE
Ml TawYFz 1Ry by 5 BERKLS T, BRIXBZbd, LWERKIZa~
VFOREEF, IRE IIETHAKL, MBRTIIERBKTHAEZRZ Rol, BUKORMIZ 2
HIZ1EL, 10ml 28K L7z, 2B, EERXOREILS5 & L, ==Y FDOFHEE BIOTRON
LPH-200 N, 25CER TR Z o7,

EBRBEN DK 2 r ARBLIERATRBREZKT L, EPOBI R BLOEEOY
TV T B Rol, BIEIRYRAANC2<YF 0 SPAD  (ERESHER) 2EF
#Fit (SPAD-502, 2=/ AFEr U 7R #RAWT 5 AR, 1 EENSZY 4 K0
LELZRE Lic, a~Y 73 B TOH TR 248 Y BV | KEK TR Z i L7212 80°C,
24 BFI#ZIBE S, Ry hTEita~yrof <2 EHE L, 8 IRy b
TEIZH TV T L, NS VECLABRBEOMBES IRV, BHRAEEER R X
VCFA XA e FavHioaBzitHE L, LBy 7LO—iIFAR -1 I -
Real'time PCR IZL > TH A AV A M Fa v oHlEE B 2o,

51



4.2.1.3 #ER

SPAD fETid, MBEIZINT 36 THoTZDIZH LT IR E SREKICIBNT 46 TH Y |
SRR L HE LTI E 9 IEXIZB W T SPAD [EAE A fER L 2 o7 (K. 27, t-test, p
< 0.05), WMENSA A~ 2 TiE, HREIZEBWT 0.40 g/pot THoT=DIZR L TIEE 9K
XIZFB\T 0.83 g/pot TH Y, dtBX & B L TR E 9 IBX THEME AL 4~ 2035 2 fF
W L7 (K. 28, t-test, p< 0.05),

p SPAD | NEK |HESHK
1 32 44

i ° 2 36 4
g 40 3 32 51
i 4 39 50
-
é 30 5 39 44
2 190l 36 46
o 20
@ BERE 4 4

10 t-test p <005

0

HEEX TBESHER
€. 27 18 & 5 EEMC L 5 SPAD [EEEFRE &) ~ D%
(CEHE 12 HERZ, n=5 t-test, p < 0.05)
1.40 Ha -
Stz | HER | EESER

T 120 * 1 0.31 0.59
o
2 2 0.41 0.45
35, 100 |
N 3 0.30 1.03
080 | 4 0.64 1.26
"\-" 5 0.36 0.84
2 060 - -
# il 0.40 0.83
g 040 WERE | 014 0.33

020 | t-test p <0.05

0.00 '

wHEX RESHER

B. 28 &L 5 IREMNIC & SHEME A < 2A~DRE
(CEHE 1 HE(RZE, n=5 t-test, p< 0.05)
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KIZIR & S TEEIMZ L BMBE~DEBIZOWTHE 21T o7, HHAEFRERREITHR
XIZHBW\T 341 §8/20 ¢ #t (LT, BALFEER) Thooizxt LT, iRE 5 KX TIiX 567
FHE RV, RMBREHE L TRE HREICBOTHBAFRERREDRH 1.7 2L 2ok

(. 29, t-test, p<0.05), A XL AL F oy _HhBBETIIXNBEXT22 BTH-
DR LTIRE DX TIL 1726 BHE 20 ERXEICRE W TREMIRZIT 2o 72 (K.
30, t-test, p=0.50),

700 BEMESER | HEBE |RSSER
& o0 | 1 442 604
H 2 307 592
o 900 ¢ 3 274 505
g 400 L Fi{E 341 567
- mage | ® 54
& t-test p <0.05
# 00 | -
fHa
m

100 |

0
Faf:ic|=e RESHER

(.29 #E & S5 EFEMIC L % B ES B E~0PE
(FE{E 2 HERZ, n=3 t-test, p < 0.05)

35 SCN J2 HEBE |[EESER

W 1 30 16
tln 2 23 12
8 3 12 23
& : 2 92:
™~ Tl 29 17
g mage | o 6
ﬁ t-test p =050

e

[}

17 2]

X RESHER

€. 30 EE HWHRMLBEA XA rerFau _Highh~nEE
(I fE £ ERERZE, n=3 t-test, p= 0.50)
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BBICERBAEID 2 »y ARDIA XV A e FaVIMBER BT S L, XRBET
11599 B THADIZHI LT, IRE STEX TIZ 297 L 20 | HRX L HE L TIEE 9K
WCBWTHA XA MU F 2 VI 20% I8 T HRER L 2o 7= (K. 31, t-test, p<
0.05),

2500 SCN N
FoficlE ESHEE
& . | e RS
H 1 1847 556
02000
] 2 1859 236
1500 | 3 1093 100
g Tl 1599 297
g 1000 | mams | 439 234
1 t-test p <005
s
g s00 i
0 1
xR wESHEE

(.31 #&E HIEFMBLED 2 » ARICBITAF A XA My Fa vINBE~DEE
(EBRE TR, THEIEERZ, n=3ttest, p<0.05)

4214 EE

X UDITIR E 5 IREIC X 2P ~DEEIT TIE, SPAD EAXHRX & s LU TR & 9K
KiCBWTEL 2V, HEYEA F < AR E B L TR E S BEICBWTH 2 512
WL TWez, ZOZehb, EVOET~DEEEITE BEIRSHIFTE S,
WIZH BAEEMERB~OFERERN, IRE 5B L > THHAFER RIS RBE DO
1.6 M L7223, 4.1.1 I8V THR LOREMAEZ M L7BROMMRITH 40 £, H°°
LOBEFMLUZBRIZF 10 FThoT, 2O D, BE HBREBM L > THBAREE
MREEUTHEMT 523, WMOBREZEROLLLEZRMLAEBE LY bEVWEEX OIS,
FA RV A M rF a2y ZHG B OEEEIIERK TR TIXERRKMICKRE 2213720 -
Too 411 IZBWT, bR LOIREZFME, £ 2 HE THEL L8, REDOSREIZXL D
DNA BEORABHRE SN, DT b, ERETRICIIE L oEE0R¥ITERI
b HERFE, DNA OGRIZETESTEY | v ETHHEINZY A AV A MEUVTF
27 ZHIGREIIERRE TR ERER PO LHEREIND,

BEICIRE QOB LB XA XV A M v F 2 TINBERBE A, IBE 5 RN
WL > THEBX L B L TIRE S IEICBWTH A XAV R M F 2 IR 20% % T
BFLEZEIL, IRESRICH, R LRERKRICEERBDRERHLLEEZOND,
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422 HLPOLRERLE S RDIEFIEDIREE

4221 B

REHBEDHFEMZL - T, a=YFTDERREEBBLIUAASA~ARNEML, AFIHME
HEhi-, 22T, a<VF04EFEMEESNTZFRRZALHCT 720, IRE ST O
Rk (BFE, Vo, AU TL) LWL OO EEEZRE L.

4.2.2.2 PELL FiE

WL OHOERITLROLIRE (100 g) LZ&AEAK (100ml) %2 1:1 (wiw) TEAL. 200
rpm, 1FffIRE 5 Lic, £DO%, No2 DARTABEB I Ro7,

HIEEEB X pH (H:0), EXEEE (EC). WBMEBERERE, 7 E=7RERE 2%
FE. OV UVRE MV VAREZAELE,

pH (H20) % Twin pH A —%— CGESREFRHR) 2650 THEL, EC iZFRHRO
Twin EC A —%—% bW THIE LT,

HEREZREBLIUOT VE=TRERE, VUVRE, 7Y v ARERIRBRERNZOLE
it RQ 7Ly 7 RAFTR (ANIHE) by, BB E L THBEEREIL) 717
77V MNEBT AN, TUVE=TEBERRIV VI N7 NTUE=TT AN, Y
VIREZV VI R R VBT AN, AV VARERYV IV N7 AT UL
TAMIEVBIEZBZ o7,

BRPOEZEFREIT TOC i (RERUE2=v MIB) 2b bV THIEEZB IR o7,
TOC 2L BWAY L FLDH, ATV 74N F— (FE:02 pm) 2HHNTAH
WEIBZRV, 500 FEFR LY IAEZRIEICH bW, B, REIZEEE3 L Lk,
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4.22.3 ERBLUEE

TL 5> WDOILFEMETIE, pH (H20) 13 7.0 LiEiFHtEz R L7z (K. 32), WEEEBRERE
BLOT yE=7RERRITHHBRUT (RHERFR : HBEER 2mg/l, 7E=7#
ZEFE 2mg/l) ThHholR, BRPOLEFREIT 26T mg/L RFEN TV, Vo, AV D
LZHOWTH, FREFNILH7=V, V> 33mg, #V 74208 mg BEENTUVE,

ATEIIC BV TIR E DBEOWIMI L > TERFGEP/BMLIZZ L6, RE SBPITIT
ERPEENTVWD LBE LR, ERITMEEBEEST VE=TRE VS TZEEETIZR,
FHEERL LTREHSBPICEEND Z LRI ND,

SEBIELZY v, BV T LADOBRIZOVWTEROFKELRLIZEENL Y, VT L
DRI LT, RELRLFOBERKRY v, BV UALARIIBMKST —F X—ADT]
BHEMERYT-VORSEEZSEL Lz, b, EREIVEROKSENOENEL
RO, RO 2% NERTH D LE L THRH Lz, BRERST — % X— 2D ETII,
BELRLICIE 1kg H7-VEFEN 920 mg (HEFHE) . U 23250 mg, # U 7 A% 690 mg
FENTWe, ZORBREBEIBOOMELZEHE TS L, RE SWRTIT/MEZHROLICE
EFNDEEDIBL29%, V2 13%, HIULIDRBREENTNDEEIDLND,

PUEDZ b, BEIBDOEMIL > Ta~wYFoABEMEES DX, REHE
WEENDER -V - WV VLI DEREFIC LD bDTHL LEZLOND,

AEIEE HITE 8 | e
pH (H,0) 7.0 0.1 - -
EC (mS/cm) 1.3+0.1 .

FRRAEZE 3R (mg N/L) <5 2 o

FUoE=THREZEZFR (mg N/L) <2 100 |

2% R (mgN/L) 267 +12 o |

') B (mg P)/L 3343

HUy L (mgK)/L 208 £12 ’ N P K

K. 32 b LRHER & 9 O(LFHEST (BRI, FHELEERZ., n=3) RV
FELLLLLWICIRE IBICEENLIERBLU) &, BV v LEOKE (AK)
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423 P LRERE 5 ROFERFIROHRE
423.1 BWY

TBILR LBERE SBEFMTHZETHAAVA MU F 2 VIEEZXREXO
#20%F TR TE S Z L BALMNE RoT, T TAEHTIILRL LBER L 5 ikO/ER
FIETHSD, 1) bRLEZAL 2) KEEEL, 200 rpm T1EHEERE 575 ol
FIESEE 92 HBIBEMUEBEO XA RV A M F 2 VIEERBR BRI RIETE
BEHEBRNT LIz, Zhicky, B ZLOHRLZTRREDH0HALTTS
ZExERE LT,

4.2.3.2 #EHL FiE

EBRIIENRBEL, 77V ARy b (HE6S5m @I 5cm) 2bbWNWTEBIo7, 7
7V Ry MTADPRERZRREKBEDK 50 %IZFHE L2 F A XV A e F 2 viFYtis
50 g AFHE LTz, A XVA MU FaviERIBOERRERES A XA My Fay
PREE LT 3980 /20 g §a+TH o7,

TECHNT ABEIRIILL T O 4 EAER L, b, FALEZLOLEE (B F4
aRE) FREBARVRASHh, FERATIETHERFELELOZL B, WFhb b
RLEE (100g) EZEEK (100ml) #1:1 (wiw) THEALE,

1) HRLERELZZAEFIC 1 RRKICGRE LZER (LT, BEX)

2) bRLREZZ A, 1 REEAKIZIRR LR (LT, ZAHK)

3) LR LEEEZZETITKEES. 18/ 200 rpm TRE 5 LR (LUF, & E HK)

4) LR LEEE G A, KERA. 1 HH 200 rpm TR E 9 LK (BAF, #E3EK)
bWtz 7 70 FEy ML T2% (wiw) BIL, BE& L, 7o, fBRELT
FEOKZRMT 2 ERRKZR T 7z, EBRHMIT4EBE L, 77V Ry FOREIL3, 8

# (3 BIOTRON LPH-200 (23T 25 CER TR 272 o 7=, PIEITEBRE TREICAR— L I L -

Real-time PCR{EIZ LY, FA RV A MU FavIMBEELZHIE LT,

4.2.3.3 ERBLUEE

HRLBEELZ DLW TERL: 4 BEOBEDI D, bo b bF A AV A MV Fay
SN B 2 DR U 7 BRI AN A X (EBRIE TR A AV A M F 2 UINEE : 919 /20 g
gt WAOE  77%., TR b LUIRE 9K (1059 §F, 73%) Th V. KW\ THEHE
X (1510 BF, 62%), RiEX (2279 9B, 43%) &7iz-o7= (K. 33, K. 34 £KX),
AHNER S NNTIRE YNBIZ L B F A XV A MU F o v INEERBSRICEE R E
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FH ool (M. 34 5K, L, EREKELHE L THAAXB LIRS 5 RKiZBW
TRAERDR 10% @722 b, EROANAAHEL L UIRE SWBEEZHFHAL TEIRD
DB, AALEB LIRS S UBEOWTNIDONEEIZ/R2 5 Z & T 710~80%D 4
ARVA M FaUREERDRPZBOND EEZOND,

6000 SCNER#E (BR/20 ¢ §21)
N a - RiE
H | ab ABXE &
g 5000 ) 9 3 FiyiE =
2 000 abe =5
& 4 -
= 5522 | 3266 | 3152 | 3980 | 1337
& be BAtaEs
# 3000 |
i HEE 2150 | 4443 | 4236 | 3610 | 1268
Z 2000 - c c
2 BERX 4074 | 968 | 1795 | 2279 | 1609

1000

ZHE 364 | 996 | 1398 | 919 521
0 . . . .

B ARE REE #AXE ROE #EE RESE | 1695 | 811 | 670 [ 1059 556
BtE

peEE | 1083 | 3140 | 308 | 1510 | 1464

M.33 gL HIEOERFIER LA XA v FavBEICEL HRHE
(BTN 77y bFEREDEREBTHEZD Y, p<0.05)

100 AR (Fisher's LSD)
90
80 r

70
6o L — BEFA | #&5% | eS| 1284 | 1599 | 315 066

BF | k¥ | ki | EigfE | FiE2 | = | PE [fE

50 |
40 EFB | ®AN | AW | 1215 1669 | 454 | 0.53

A (%)

30
20

10
o HEL

HBE BREE #AXRE  EOE  #XE

.34 & SMDIERFIMENR A XA M F a2 VREOBLRICEALIRE (EH) RT
FNHWEBE LR E HSWER LA XL A M F 2 VEEICKE JIZTRE (BN, ZaiRBo#mntrR)



424 EHHEER 3 PLBRBRESEAEMCKEZFA XA MU Fa ) BEEERD
R DRELE

4.2.4.1 B

FARXVA My FayBREBICLOLEBERE SBEBMT AL THA AV R
FeEyFaUIPEEZR 80%EBTE S Z L ZENHABRICLVHALNIZI L., £D7®,
FA BB THRLBREEZTMT AL THA AV A M Fa VINEELZEB TX
HPREET A Z EHEMICASRBREB o7,

4.2.4.2 PEHL FiE

REBRIIEFEEFDHICH D F A XA b F 2 VFELRBERIZ 100 cmX50 cm D7 E
6 ORITTHEI R, Py MNIERIZEVHEOI O TEBY, 6 o072y FDSH
3OE LR LEREIRE SBRERMT 2ERKX (LIF, IRE S5HX) THY., &Y 32136 °
LERERE DL FEOAKEKEZFMTLBX L Lz (K. 35),

HP LBEIRE YBIBINC X D544 XV R b TF 2 7 IE EER R OREEIL 2010 4F
THOBMOLBMEL, 201146 A 1 BETL =¥~ A% D 2011 4 8 A 25 AN b [F4E
11A10BETELE (R 18), bRXOLRERSE STOWMEIZ1 ey FH72Y 20L %
AmLz (bRL : KEK=1:4 (wiw)), HBEDH TV o TiIN— A=A —%bHW
THBEE 0-30cm FTEXHRE L, 1 7uy bbb 3 AERE, 1 20TV TRy
TIWZANTEAL, 150~200g 2% 7L LTHERIZELIFE-T-,

TR L2 7 VIEHEE 5 mm D55 VWEE L, 60C, 24 MRS E, A—1 I -
Real-time PCR EEICHEA L, A4 XV X by F 2 vEEEZRIE LT,

B%IZ20114E4 A 26 BICHIEZ FRSE2EMNTHROLBERE Y IREBFM L&
HBXEBLTRE SBRKICBEWTERAE =— VDL TFEEBIRoT,
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RESHER

X

(KB K FHH0)

B.35 bR LBRERE SMOBNARE L Z 2o AHOTHE L RBREK O

#F 18 WL HIBEMDEA I T LY FY T DA P a—)b

2000% 1 Jeig | 8878 | sA208 | 88318 | 9A178 | 10828 | 1A9E
7A9B
RS TR o o o o o o o o
O 4 o o
20114
12898 | 45268 6A18 838 |8A25E |118108
(A FEE)
meswEm | O | O cs<x | z4<x| O
worr | O o o |BEbAk BERT o
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4.2.4.3 ERBLIOEE (201047 A~201146 A)
FA XV A MerF a2 VIEEOHBE TIX, 2010 7 A2 H 9 A TiIREIZB W
TRAOBA Z RS Rho72h, RE SREKIZB W T FEIREE 1714 §p/20 g #21 (LL
T, BAZRAE) 25 634 Bi~Bib Lz (K. 36), L»nL, 9 A2 D 12 AP TIHIRE 5
WEEFM U2, SPEEOHBIIB AR EZRIeholz, ZTOHK, 12 Ab 4 AETO
HERE T, HRXIC BV TIEHIRE B 2840 JR72 6 1660 JI~BA L TEBY | IRE HRKXIC
BT HIFHIIEE 1080 5 692 JI~EA LT, 4 AICE=—A <L FEREL
TH1b 6 HE TOHEBTIT, HREIZHBWTEEIIEE 1660 IR 5 1448 §F, #RE iR
KAZIBUT 692 JRA 5 233 JRE AT HBmICH -7,

20104

20114

EB;ZA  WRE TiREmA 7R98 98178 12A98 AB26H 6H1B
2000 -—- BESHE i T [E— Iiffr
ﬁ T 1| 1565 2969 2386 1497 1588
2 2600 ‘\ HBE  [2|  1sss 2137 2177 1277 1183
& 2000 3| a7 273 3457 2207 1562
Ein ¥\ N ! FAE 2067 2380 2840 1660 1448
Z ~ A sim T~ EEEE 2327 314 641 436 221
BI04 N\ E” - TR 1| 2800 424 662 365 211
500 -7 Te==_ ....: W|ES5HR |2 1310 48 1155 870 192
0 L 3| ou 733 1425 842 296
% : ; % g g g FEE 1714 634 1080 602 233
e = w BB 1036 183 387 284 55

.36 20107 A/D 2011 4E 6 AETOHF A XA M rF o VIl DOHER
(LB 0-30 cm, EBRBMEES 2011 FFO &~ A FHIZRRIBEE T)

EBRBMEEF b X~ AFBBMEEFE TOE 7 vy FEO SCN JREER/D IR X
IZBWT-1 25 73% (CEHEAE : 36%), IRE HBEEIZBWT 69%755 93 % (E¥HE
DI :82%) THY  IREHIEXKIZBWTHBX LY £ 2 o EREZR LT (K. 37),

-20

1 2 3 1 2
fopil=s RESERE

3

100 WOE(%) | HEE | BESEE

] Jowk1 -1 93

g Javkz | 87 85

ﬁ “Fovk 3 73 69

?ﬁ FHHE 36 82

g 40 + WeEe 37 12

=3 U-test p=013

; 20 |

0 e

X.3720104E 7 BB 201146 AETORFET Yy MIBIFTAHFA XV A e rFo v oR 3
(ERFMAE) D ¥ < A MBS = TOF — % THH)
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HMBEIZRBNTH A XAV A M F 2 VINEED 1193~1589 IRTH DL DT LT R
IEXTIL 192~296 FFTH Y | RE S BMRIZEBNWTH A XV R bV F 2 VIEEIMEL
727 (2. 38, t-test, p<0.001),

UEDXSI1Z2010 87 A7 D 2011 £ 6 AEZ TORICEE SIREHRMT 52 L12XY,
FA XA MerFaUIEEIIETLZ, LaL, 2010 0 9 A5 12 A DR T,
AIEIDO L LERERRERIZY A XA My Fa U Lt ofe, 202 M,
FARXVA B F 2O bEZREL, MEICELE TINEELBD SEL-OIIT 9
A6 12 AORITEL TWRWEHEIND,

SCNBEE -
1800 moett,| HEE | BEEE
1600 L L ER20 2 e t)
] Zovk1 1589 211
H o0 FI | 1| ] e
Foyk 2 1193 192
& 1200 [ —
o Zavk3 1562 296
g 1000
1448 233
g 200 | FigfE
5 600 | HEREE 221 55
@ 400 L t-test p<0.001
200 | ’_‘
5 L1 [
1 ‘ 2 ‘ 3 1 ‘ 2 ‘ 3
pof:ic] e RESHERE

€. 38 =¥~ AMTFHEHFORE T oy MIBITAFA XA MErF o vl
(38R 0-30 em, 2011 4F 6 H 1 AH)
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4244 ERBLUEE (201148 A~11 A)

N DT A XL A b F 2 7R EILEHE TR T 5293 Jp/20 g #2+,
RE DMEITIBT 6547 JP/20 ¢ e+ TERKBICERRZEIT 2D o7z (K. 39, ttest, p
=0.28), =X~ AUHEZAH 11 A9 BETIX, MBRBIRE SIBROTRTOT 1y
MZRBW TR A H o7,

+Hig 20114
9000 i 88258 11A108
8000 | A — HRE e THTA
LY N -
3 7000 N -=- RESBE 1| 6246 2349
2| 4999 1384
® 6000 AR
3| 4832 1351
()
g 0% Tl 5203 1695
& 4000 RERE 816 567
E 3000 1 5145 648
& 5 2| 6308 1606
2 2000 WS
3| 8190 2250
1000+ * Tl 8547 1501
0 BERES 1536 806
g o m
— e (=3
o =
8% -

[X.392011 48 ANB 2011 FE 11 AZTOFET Ry MBI F A XV A b rF o vIMOHRE
(EH8EE 0-30 cm, 2011 FFO = F < AFHIEHERMH L2 » Ao 11 A 10 B £ T,
FEPOHEIZTHE 20 g HT-VDF A XA M rF o 78D

it H 11 A 9 BETOX A XAV A ey Fa VIMEEDORAEL, HHRXT 60~

T0 %DPHLERTHDHDITX LT, KL HIEXTIL 70~90 % DI RTH >, WAHRDFE
BECHET 5 & MBEIZBNT 9% THLDIIH LT, RE STEKITBWT 8% TH
V. KL SBEXKIZEWTHAERIHK 10 %m < RoTePABETRD bhzd-o7z (K. 40,
t-test, p=0.05),

100 BOE(W) | HEE | RESER
90 — Jovk1l | 620 87.0
80 r - Javk 2 72.0 75.0
g 70 e ERTtts B e
W o
A 50 FH il 68.3 78.3
® 4 mamE | o 8
30 U-test p= 005
20
10

1 ‘ 2 ‘ 3
*HBE EESHER

.40 2011 4E 8 A B 2011 £ 11 AZTOE T2 v MIBITAF A XV R b v F o viigkoRd =
(2011 F= &~ A $EEt6 725 2011 4F 11 B 10 HE TOF— & THEH)
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1MAIHADHFARVA My FaviEEIIEL SBEEXO T2y k 1IZHBWT, RRX
LIV HFA XA M F 2 U<, 12~1/4 DFA XA M F 2 viig e
ol (K. 41), |ESBEO Ty 2B X V3 Tk, MBX L H#k L THEELRZETR
Molo, FHETERKBAZLET 5L, MRBXT 1695 J0/20 g - THDHDITR LT,
RE DOWRIZIHWT 1501 9f/20g B+ TH Y, ERMEXMICHERBRET LM o7 (ttest, p=
0.75),

2500 SCNERE B _ -
— ] || ooy | HEE (e o
2000 Favki 2349 648
"Q,_ Fayk2 1384 1605
;ﬂ 1500 Zavk3 1351 2250
§ T {E 1695 1501
%’\ 1000 mEEE | 567 806
t-test =075
2 500 | H z
0
1 ‘ 2 ‘ 3 1 ‘ 2 ‘ 3
X RESHER

€. 41 2011 F 11 ADET oy MBI AFA XA MV F 2 7
(EHEEE 0-30cm, 201145 11 A 10 A, RPOFEITEH 20 g BTV DOF A XA b F 2 7%

ULDERNS, THTABIERDOLA AV A e F 2 VIEEDOEL TR, HREX
ZBWTHHAA AV A My F 2 VI A 2RI - 7=, Noel & Wax (2003) @
WETIZ, ¥A X buErado2 FiFERRIZB T, #1 A% 1 F£H THRRTY
ARVA R FaUIROEEIK T0 %AW THZLE2RLTND, £, 1 FEMZE
LT, FARVA M F a2y B REUIBEEOHFET Th > T HEEE~HKTT/50
g BERBEHAOLBRICFET L LBFEINL TS (D, 1969), IHiZ, #A1
AV A M2 F 27 OGHRLINTFAT HMEY (Crump ef al, 1983; Godoy et al., 1982)
BEINRTEY, BRIZBVWTHLH A XV R e v Fa vEBEORDICIIREMAED O
BENRTRINTWD (A H,1988), LLEDOZ L2 H, 8 AN D 11 AITHNT TOEEM
PIZIE, B OEFEICE D 7 — ARKEMAEN O FEZIC L > TEER BT 2 Wik
BEZLND,
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425 MBMICHLPOLRERE SRZFMLUEESTO T H T A HIEHER

4.25.1 B

LRLBERE SIEOBMERZ /2> ZLICLY, FA4AXVA MerFa vIBENE
THazedmani, £Z T, bRLERERL SIROBIMICKLY, FA XAV F
2 VIREBAD EHT- 2 L T F v A R #E LZBOAFTRRICK T 2R ERBEESCIE~D
HELRIE LT,

4.2.5.2 #EHL FiE

20107 A9 HAH 201144 A 26 AETICHRL LAMIRE HE 10 BEEMLE, #
EIHBEBLUOZOMBROL 70 v MIBWTZH v 2 ORERBE B o7, #Hilg
RRICHNWD X ADEZBFLHOIC, FABESHOLHEEFA— M7 L—T7REL, BV E
VAIZEDHBEFE L, AL LA DEEMIZF <A (fEd : Y LARX) O
FZ#EME L, BIOTRON-LPH 200 N T 10 HRIABT S 7=, £0%. #EZ 6 A1 HIZ1 Y
2y bk (05m) H7=v SEEOEETHBIE L, ok, MIEIXBZ2b$, #kiZ2AIC
1 7y NWOTEBRENELIBERLZ 27, 7 A 8 BIZABHEZLZ L Z 72\, SPAD
& GERFRER) . EXEHE L7, SPAD fEIZZERRF (SPAD-502, 2=/ L&k
Vo7 ZRWT, FEEICOE IROELRIERNSG L Lic, £D%, 8 A3 HIZTH
Y ADONHEBLOEOBY Y 2B Ro7c, NHRFORIEEB I EEFAA A~ F
1 KE (1 bEVOER), WRE L, £, HERABKFOS A XA MU F
= VBB EE L IR O HROE S (M EERAA A~ 2 FR, 1 KE, INE) L OBEFR%E
MBS L WV RET L7z, B, BEMOE 7oy MIBITAF A AV A My Fay
AT, 38 IR T HBETH 7=,

65



4253 fER
TH 2 ARRIEBIE BRI 40 B BDO =X < A ORI T, IEE HIBEX & H#E L THBE D
WO 7y MZBWTHESENFEL, BEoFWERSER I (K. 42),

.42 B 5 40 B BICB A=~ A OLEFREOHET
(EEOFE BTy bOF s i—, |ER :2011FET7TAHA8AH)
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BAEH 5 40 B SPAD ETIZ, tHXIZIW\T 33~38, IR & HBKITH T 42~45
DFEFEATH o7z, FHETHET S L, BT 35, IREHEXT44 ThHhH, B L
BLTIRE SIEXIZBWT SPAD ER&E < o7z (K. 43, ttest, p<0.01), B TiIxf
RBXIZE T 23~26 cm, R E HEXIZE T 26~28 cm Tho7z, FHETHET S &
XX T 25 cm, &L HIRET27 em L7220, HRBE L LB L TOPEE 5 X TELAH
m < Ro e R ERRBICE W TREICERREIT A o7 (K. 44, t-test, p=0.07),

50 SPADfE | XEBEX ESER
45 | N o— vk 1 35 45
M 40 | =P 33 44
MR
e JOvk 3 38 42
¥ 30 |
o 75 L THE 35 44
é'! 20 RERE 3 2
& 15 t-test p <001
10 }
5
0
1 ‘ 2 ‘ 3
pag:ic{e RESHERE

.43 X< AR 40 BEOEZE v MIBIF A=< 2D SPAD &
(ER : 2011478 8H)

30 B (cm) HEE |EESSHER
] — Javk1
2 | . bk 25 28
2 Javk2 2 2
# 20 | Jayk3 23 26
15 | TIY(E 25 27
RERE 2 1
10 |
t-test p =007
5
0

1 ‘ 2 ‘ 3
FHEBE RESEX

€. 44 =X <= ABMNLH40BBOET oy NBIF A X< ADESL
(HER : 201147 A 8 A, BPOEFITEL (cm))
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TF< A1 EEHZ O EHAAL < RIRBEOE T 1 > MZBWT 21~40 g/fk,
REIBEDET B Y MZBWT 89~95 gk ThH Y | EHETHET 5 &, XX T 30g/
fEE, IREHEXTI2 gk THY, MBE LB L TIRE S BERIZBWTHLEH/ A 4~
ABRmVMEZ R LT (X, 45, t-test, p<0.001),

EFRBUIHBROEL 70 v MZBWT 8~15 fAMEE, KL HSEENE T2y MIBWNT
34~39 [EFEMEETH Y, FHETHET 2 LR T 11 @/EHE, &L 5 %X T 36 {E/{E
FEThHh, MHBRELEEL TRE HBRICBWTERENEZ L 2o (K. 46, ttest, p <
0.001),

100 ith:%ﬁ
~ 90 — NFR | HBR |&RESHER
g (g/#%)
‘3 i Javk1 28 93
s | Joyke | 40 89
;}.- s0 - ju")l"3 21 95
f 40 EH{l 30 92
® 30 r JEmE| 10 3

20 r t-test p <0.001

10 F

0

XEBR RESHER

4. 45 N D/ 70 vy MIBIT BT F < ADH LA F<= A
(7R : 201148 A 3 B, RPOEFIIH LA A~ (g/fEF))

:; I B (gﬁﬁ) HER |#®ESHER
—~ 35 | . Zavk1 10 36
§ 30 Javk2 15 34
& 25 Jovks | 8 39
ﬁ 0r T 11 36

15 mEmEE [ 4 3

10 trtest p <0.001

31 ‘ 2 ‘ 3
X RESHER

. 46 NFEREOE T v MIBIT A ¥~ A DEFRE
(IX#RB : 2011 £ 8 A 3 B, RIPOEFIIEFE (EMEEK))
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—RKEIIMNBROEL 70 vy MIBWT 0.9~1.3 g/F, IREIBRDPET B MTBWT
1.3~1.4 gFTHY  FEETHET 5 LABXTL0gHK RE SBERTL3gFKLRY,
RFFRX &l U THR E HIRKICIHNT 1 RESCOEM L7223, EBREMIZB W THEH
WEERZET R -7 (A. 47, t-test, p=0.09),

INEIIHBROEL 71 vy MZBWT 136~310kg/10 a, & YR DOE T 1 v MZBWT
674~856 kg/10 a, FEHETHET S L, WRX T 202kg/10a, &L 5K T 748kg/10 a
ThHY, B EHE L TRE SBEBEXTRENREL 2o7- (. 48, ttest, p<0.01),

16 . —%E

| B (/%) HBE [RESER
o L — Javk1 0.9 13
B 10 | Jayk 2 13 13
2 Jayk 3 10 1.4
W 08 |
# Fi{i L1 13
Ioe WEEE | o0z | o1
04 1 t-test p =0.09
02 |
0.0
1 ‘ 2 ‘ 3
Fogic]=4 RESHER
. 47 NEROE Ty MBI 2 o~ AD 1 FKE
(IRFER : 20118 A 3 A, BPOHFIT1KE (g/7%)
900 g =
700 s Jovk 1 160 714
g 600 | Javk 2 310 674
2 Jovk3s | 136 856
; Tl 202 748
RERE 94 96
t-test p <0.01
1 ‘ 2 ‘ 3
HER BESHR

[%]. 48 INFERFDOE T2y MIBITHTF < A DILE
(INFER : 201148 A 3 B, RPOHFITWNE (kg/10a))
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BB ICEIERBREO XA XA M F 2 VI L VRO RIEE B & OBfRTIE, #
EEAAL AR BHRE L RE, WEOWTIIZBWTHBBKFO S A XV A v Fa
VIR Z N T ey hTEATAERTH o7 (K. 49, p<0.05),

100 40 r3
%0 35 __ :
€ w r=—099p <00l “ r=—058p=001
K T &
60 | 5
bl = 20
r =1
g © £
;j %0 » 10
20
5
10
o 0
0 500 1000 1500 2000 0 300 1000 1500 2000
BB SONBIREE (/20 ¢ $5+) SIS BASARE SCNBREE (5020 g 824)
15 900
’ .
* 800 r=—097p<001
TO0
g 10 Z 600
2 = —085p<005s Fo00
g - 400
I 05 & 300
200
100
0.0 0
0 500 1000 1500 2000 0 BOO 1000 1500 2000
AP FFSCNIP R (920 g 1) FISBAMLESCNBRE B (BR/20 ¢ B2 )

2. 49 $FEBRIEEED X A4 XV A M F o I L IO £EE F OFEREEE
(Bl i k& A=A, HlL: EFEEET B, AT 18 & EBLHOBK, F: J3BK)

4.2.5.4 EE

EXUDIZ, =¥~ ADOAFRETIIBMEN LK 40 B B DABIZB W TR E 5 KX & Bk
L THBRIZBWTEERH, EEFE L7, SPAD EIZBWTHEL H)IEK L HEL T
MBRIZEBWTEWMEL o722 L2 b, MBRTIIFA AVA by FavIickoHE
WL TEOHEIEREZELTWA LD LHERIEN S (K. 43),

WIZINHERF OTE B 2 EBRXH CHE T 5 &, #i B A <R FHFsL, WEOEET
TR E S BKIZI W THILERR A A A~ 2| B THBXOK 3 5, WETITH 3.7F L%
o7 (.45, K.46, K.48), ZDOZ eh b, RE SRETBIPINT 5 2 L THEEMS
REDT ARV AN FaUvREREEICL, =¥ A0EAFTBLONRERNEZEINED
DEEZBND,

RECHEEREREDO S A VA M2y F a2 v e = ¥~ AR O A E B & O HiHE
ST, WTROEBIZBWTHH A XA b F 2 7IAs 1100~1600 JF/20 g #
TOFHIZH D & XITiE 200~300 JF/20g BLDF A XA M F 2 VIR E B L T
BN A= R FRE 1KE, NWEMET I 5HAICH -7 (K.49), ZhbnZ e
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5, SEIOERICBWTRERBHEDO Y A XA b F o TIEENRT < A DAH,
INEZHRLTWAIERTHLHLEZLND,

UEDZ b, bRLRERE SMBE HBIRMNTHZLETHAN AV AV F 2y
S EERT A2 LN TE, ZFADONENRBEELEZZ LD, bRLERERLE KR
MMZEBHEA AR M F27OBRBAETHL EEX DD,
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4.3 BETERAARICEDTA X VR b UF aoBBRFEORRE

H#Y

RIEIIZRBWVWT, bR LBREZFIA LA A AV A MV F 2 v 0ARBHBRFEIZOD
THRREZTV., FIAFREMEIC OWTKRIEZ T2/, LA L, bR LEREEZFIA LBRF
BEEOO LAELRNEBECH I HEICERIETH Y . AFH3E 872 Huk 3@ A 258
LW, £ZT, AETELBRL (BE) KFAXVR ey F oy ORURESRIRD
LNDHARICEFRL, bRLOEETHLIREETFZEEEE ICERE L., EHMEE L%
T ERADZ L THARVA M F a2 2R TE A0 BRHEITo72,

431 ENRER BRETEFAAZEICEDETM XV R Mo FaoBRER

4.3.1.1 WY
REOBEROT ERALEZBL T, ¥4 AVA MU F o VEEOERA AIREDRFEE
TOZLZAMELT, ENRERZIToT.

4.3.1.2 #EHL FiE
HRITBIIFERRIIH LA AR M Fa vFERAGHOER L8 E2 b0,
EBIIT 7V ARy b (EE70cm, B 5cm, BARNEME385cm?) &b by, KipREE
BREAKBED 50%IZHE LA A XV A by FaiFiet# 100 g 2 FE L, FEE
F (hFEEEE (BF) X 18H7-0 0.032g 20T, BEOEHE385cm D7 7 YRy M
EETHZL T, 84gm?2 b2 d, 207w, HHEEEL 1R/Ay b (8 9kg/10a). 3 %L
IRy b (827 kg/10a), 9B/ARy b ($181 kg/10a) & LTHRELA-, XK. 5012 1 B4
BIHEREEZTT, E% | AEEE LERICTZAAZITV, RELITEEZRE - K
Lz, REZEETIERKICH LT, RICHLBFEETICRBROLEZRB 2 ) EBR %
HMBRE Lz, TEAAZOEEGMIIRAT 4 BEE L, #EFOT 7V Ry FORE
X5 L. EERRFE 723 Ry hOTBE2SIEAEE Lz, BEBIIATLISEENICE
WT 25°CEIR. BASM: 14 BFR. RESRME 10 BBV A Z VTR ZRo7c, TE&RAHRE, 2
WE, 4 A REE 7R R T8 50 g 28 L, A—/L I )L -Real-time PCR £ B 2720,
THEFOFA XA e F 2 VINEEEZEIE LT,
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-

9 kg/10a 27 kg/10a 81 kg/10a

X. 50 1 BEAETSE-#E

4.3.1.3 fER

EERRBRLARF O EINE T 2376 J1/20 ¢ it (LLF. B{ZFEER) . AKX T 2 BRE% &
O 4 A% TENEN 2091 BIKE 1644 JpTH -7 (K. 51, & 19), #E 9keg/10a $EfE
K TiET XiAA% 2 BEL D 4 BETENEN 659 PR 575 BB, 27 kg/10a FEREX Tl
[FHRIZ 346 JIKZ T 347 PP, 81 kg/10a #EMEX TIIFEERIZ 194 BIR R 239 BRTH Y |, #E%E
BREEVOCTEAD L TERMALEBREAOCHBRE LIV IRBEERFRICHED L

(Tukey-Kramer test, p<0.05), 7=, BEAFBEROT XAALERX TiL, FEES
WNSE5Z L THARVA MV FaUvRBEEORRLRTHETT2EAICH T,

. 3500

+| a

*Esom

=

§ 2500

&

g 2000

9

*{ 1500 b b

¥ 1000

L

X I b b b b

. s00

-

®

2B | 4EME 2ilnn&|4ilnn& LA | 4ERME& | 2:8ME | SEME

£E Control 9kg/10a 27kg/10a 81kg/10a
BAsRE

. 51 ETEABREICEIDZF A XV A b rF o v INEERBSE
(BRAT7A7 7y MNETHEZDH Y, Tukey-Kramer test , p<0.05)
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#F 1I9BETERABLBEICLBAFA XV A My Fa v BEREDERE

=5 Control 9 ke/10a 27 ke/10a 81 ke/10a
Py | 2iERA& | 4@RE | 2R | 4ERE | 28R | 48RE& | 28R | 48RE

1 2007 2461 2114 655 396 341 413 221 129
2 3018 2218 1442 331 922 280 193 155 298
3 2102 1594 1375 991 407 418 435 206 291
Average 2376 2091 1644 659 575 346 347 194 239
SD. 558 447 409 330 300 69 134 35 96
SE. 322 258 236 191 173 40 77 20 55
CV(%) 23 21 25 50 52 20 39 18 40
B E (%) - 12 3 72 76 85 85 92 90

4.3.1.4 EE

FREREEX (9, 27, 81 kg/10a) ICBWTHBRE LY bFRIF AN AV A bV F 2y
PREENMMET LI b, METEXRAAEIZLVFA RV A U F2U%RTES
AEEES R I T,

ERORIEEZERET HBEILI/ 0¥ 7V TEHNIT S & —EAIC 6~9 kg/10a AE L7
BHEEELIN TS (BN, 2007), SEIORBETIE, ¥4 XA MerFavizxtds
Pk R A mER T 2 B TRBREZIT o 7272, 9~81 kg/10a LBEOEED L ILBFED
BEELVOZL L, MEEEZEETLHL, 7u¥7 U7 :1400~1800 M/kg BE (¥
XA EEROEHHES), &5 : 500~700 H/kg BE (a7t —XRPR RN LE—
W) DI 2~3EFETOFEETHIIE, @FE CIXMER 2V, LrL, SERBREZIT
2729 kg/10a U TOFBEEE THRBEOHREZBONLPBNT OILERH D=0, &
HEEZ T =S80 ERERIZITo 1,



432 ENHR EEEREICETIRETERAAZKICEIIFAIAVA MU FaI
PREER

4.3.2.1 B

RIE D E T ZIAAEIL LB XA AV R b F 2 vBRRBRICBWTRIOEER %
9~81 kg/10a & L TRBREZB Z R o7y, BEOKIEOCHEERL Y EB W2 &b, &HE
BEXEL LTRBREZITV, BEEEOBERETHLI AN AVA M ey FavBELERTE
D IREE AT - 7=,

4.3.2.2 MELL FiE
HRTBWIHFRAICH D XA XV R b Fa vFERES > BB LAY L b e,
ERIZT T AF v 7 ROFE (9.5X13.0cm, BARER: 123.5 cm?) &6 bV, KpKEL
BREKBED S0%IZFHE LImF A AV A M FariFieti 350 g 2FE L, FEE
FiF 1 k70 0032 g RO THOREE 123.5 cm’ OAEBRIC 1 Wi+ 5 2 & T2.6 kg/10 a
DEELRD, O, Biabi=b 1k (2.5 kg/10 a), 2867 (89 5.0 kg/10 a), 4 kI
(¥ 10 kg/10a) DEEL L THERE L, K.52 121 BRAAESB LT L T X ARBEOETF
T, fkEx 1 BEERE L-RICT EZAALZITY, BRELTEBEZRES - #HBE L, &2
EEMETHERKICH LT, RICHEBETTICHBOAEZB 22 ) ERREZRRX L Lz,
TEXIALEOREESMIT 2 AR L L, HFRFORBOREILS L L, REOEFNREFE
o723 DEB/OTIE SR E Lz, HBERIATRSEHBANCEBWT25CEIR, HEM 14
RFRE, BESME 10 BRIV A 2 VTR I o Tz,

JTEIARKE, 2 AMEB LA TERANOLEAZHER L, R—/L I /L - Real-time PCR
EErBIRW, HBEPOFA XA N F 2 UINBEEZRE Lz, £o. ERRKRED
HARVA M FaUuiEEL 100 L LT, AIROEREHDOE TREDEREEE L ¥

A RAVA N F 2 v INEERD R L OB ERIRSHTIC LY f##T LT,

2.6 kg/10a 5 kgfl0a 10kg10a TEALBOET

H.52 1 BEATLERE (B) LT XARBOETF (F)
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4323 &R

EBRBEREDO X A XA M v F 2 VBT 932 9320 g 2+ (BUF., BALFEER) Th
D, MEDTERALET-THD 2 BEEOFRX TIL, 1133 I & EBRBALGRF & LB L T
SREEORDIIFRO bhed ol (K. 53, p = 0.70), MEEZDT XIALET>THDH 2
W% D EBRK TIXEEBE 2.5 kg/10a T 555 J, 5.0 kg/10a T 588 §f, 10 kg/10a T 402
IICTH o7z, ERREROIEE LFEETEZIAATHD 2 BEFEE L7 RX & #3
% & 10 kg/10a DEE CHE L -RBEXOAFREICIEEIMETL TV (p<0.05), %
DA DOFRERX TIIeRIX & H# LT 2.5 kg/10a, 5.0 kg/10a, 10 kg/10a DR THERE L7-

HRBXICBWTERITIMEBENMET LTWE (p<0.05),

1400

SCNBRE (B9/20 ¢ 2
8

1200 |
Hiooo |
w 800

600

200

i

2.5kg/10a | 5.0kg/10a | 10kg/10a

=B HRE BHEE

BAtaEF

FERAH2ARME

» 2._
— EEFEE I
20
(20 Ret) | BRSERY | HIRE 2.5kg/10a | 5.0kg/10a | 10kg/10a
1 972 1095 794 427 481
2 657 1067 525 495 379
3 1168 | 1236 347 842 347
iy 932 1133 555 588 402
SD 258 91 225 223 70
A E (%) 21 40 37 57

X.53 BEFEEHFEICLLIBETERAREICLSFA XA MerF o vINEERBER
(BRAT7A7 7y MNETHEZDH Y, Tukey-Kramer test , p<0.05)




REBEREE L FA RV A M F2UBPDERLEOBEKRTIE, BEEEO LA L LBHIT
BAES FRTAEAEZR L, EOBFKITHEGELIC X SRR TERWERBEAED b (K.
54, p<0.01),

100
90
80
70
60 I
50
40
30
20 t
10

y = 13.198In(x) + 35.357
R2=0.91, p <0.01

HAXLRA M F o B (%)

0 20 40 60 80 100
REEEEEE (ke/10a)

.54 REBREBEELFYAZXVA T2 uRBPELOBR

4324 EE
9 kg/10a LV L BWEEFEEZET I EEHSICBWVWTH, FAM AV A MU F 2 UINEE

DETFIZR O, 2.5~5.0kg/10a HIFERT 1 BERAT SE T, XA & TH 40%D
FBEEBHEIF LN, UL, FIEiOFBRIY XA XV A M F a2 v OBERD
FIHEL . ERSITORERNL B F A XAV A M Fav0BERBHRIT 1 BEO4LF
B CIBEEE RTS8 EIbNE, ZOZ L LD, EROBSTRETEA
HEZFERATABICIIFNOFA RV R MV F 2 OBEICS L CHEERSZE 2T, B
BERLIFEEITEBTEDLIICRHTILERDDLLEEBEZIOLND,
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433 EHER 7 ALAOBEICETIRETERAAECLDITMIXVRA MU Fa
o BiRREER

4331 B®Y
ENRRBRICBWTHETEZAAREICL VA XA M F o2 U DOIREEZ BB XS
ZEWmhots, DD, EEOF < AFREEBERICBWT 7 A LARICEREZTV.
BETXARERPEHLEEOX A XV R e F 2 TG ERRESE 2RI LT,

4.3.3.2 #EHL HiE

B ER=HHICAE T 5 MR ES BV T, 0.5m2 (50X100ecm) N7 u v b3
yETRRE L. ME% 9kg/10a DEETHEREL, TXALE1TH. RERRURELHFEY
FTIZT X AR HBOREBOAZITOMBRERE L., B, 7oy FOREIX 3 &
Lice BRBRRA Y a— M3 20157 A 3 BiIZ7 2 v b OFRE RO EBRBAAGHR O L EHE
BREOEELZRBZ/ool-, TO%, TH 16 BE TREZAFT I, RAIKTEIALETT-
Too EBRKETREO THERENI 8 A 4 HITHERL, A—/LI)L - Real-time PCRIEIZL Y &
ARVA B FavEEERIE LT,

4.3.3.3 #ER

EBRBAIERE DX A AV A MU F =2 VINEEIIMRBER R EZXIZH VT 1380~1321
BR/20 g #ot (LLF. BfZFEER) ThO, EBRK TR (TXiAH1H 19 B#) TiTRK
1653 BF, #FEX 1293 R & IREE OWAIIERD bivehro 7o, KIROHER TIE, & 18
flt% £ ClidmmRIRD 25 CRilE Z E T LTV, EN LRI ERK TR E Thmxui (F
¥):34.8C), FHRR (FH :29.1C) L2 25C%E EEIHIRETHRE L T,

3000 RBE BASAEF BT
3 3 3 3 MR RS L R L SR |
" 2500 - 1 1750 | 576 | 1379 | 1232
iE 2000 L 2 1276 | 2643 | 2446 | 1535
] 3 1114 | 743 | 11835 | 1112
® 1500 [
E FHfl | 1380 | 1321 | 1653 | 1293
i 1000 | mame| 331 | 1148 | 697 218
&
S 500
1]
HBE ‘ BREE | AEX ‘ BEX
BAsLES BT

.55 78 LABHICBTABETEAREICLDEF A AV A My F o vINBERRDHR
(FHEEEREE, BRdT7TA 773y METHEEZH Y, Tukey-Kramer test, p< 0.05)
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35

am(c)
8

25 |

15
PR PRL LR L PP LD D0

> 2 R 2
FEELE LFLEE T &L £

X.56 78 LABHEORBRAKDPICETARIEHE (BT A X R)

4.3.3.4 EE
SED 7T AICEELEBEORET XAAETIE, 41 XVAMerFavDIEET

EFFaEmEzRsT, EEHIVOBmTh-o7o, FELE LT, [URDHERE, HHERIT
HERERPOERKTRE COHMBRTA ATVA M ErFavDibEREEZEZONS
BCEY b@ERY, FUEEVEOHFET THUH A XV R ey F a2 v DL RES
NP o =D TIHRVM RIS S,
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434 EHFEER 8 A TAREICETARETEAHEICEIDFAXVA MY Faw
RrBREER

4.3.4.1 B

ATEICIZ 7T A LAICHRELZBEL. 7T ARRICT ERBET IR FA AV AV Fa
TN EDEBRIIBO b oTe, TDd, EEOTF < AREZRBEHICB T
22 2T 8 A LATHICEEZIT., RETXIAREZERALZBOY A AV A M
v F = U S RGN R A RREE LT,

4.3.4.2 PEHL FiE

B EIR BB 5 BHBEEER BV T, 025 m2 (50X50cm) OFavy R
3B L, BE%Z 4 kg/l0a DFEETHEREL, TEARETH, BRETXIALZR KU
DERBEETICT ERAARICEBOFEBOAZITIOMREEZRE L, B, vy b
REILX3 &L, BBAVa2—32015F 8 A 24 HIT v v FOFRKE KR U EBRFR MR
DOTIBERE, RLOBEEL B ZRolz, TO%, 9 A 17T BETREZAFSE, RAKT
TIABEAT o 7o, EBHE TR 1 H830EHT 10 A 16 BIZEREL L . A —/L I L-Real-time PCR
BILIWIA XA e FaUvBELZRE L, 2B, vy M CESE2@EICRZE 4
kg/10a, 8 kg/10a DO THEHM - T X IARET o HATICE VT, EBRKTHIC 5 #iAR
AEREIEER L TBERE L LT EITo72,

4.3.4.3 FER
EBRABFCTIIMNBERVRER THBEDS A XAVA ey FavlEEThH -
(K. 57, *HBX : 2890 JF/20 g #ot, #FEX : 2695 JF/20 g ¥zt LAF. HAIFEER). £
Dk, FEETZRAALTHD, K1 » AROFHIIFEE CTIL, RBX T 2858 ., HEXT
1522 BR & RRX & s U TRREX TEEMET LTV (ttest, p<0.05), BEIFEO2MEIC
4 kg/10a b L < 1% 8 kg/10a #&fE - % iAA % LIERBRR THZ T 1354 §F, 385 Jp &
WOKRRThH-o 7z, BEIOERKTHE CORIBHSE TIZ, FHRBIEER» LT X
A 2 HfERE T 20 2256 25C (CFHME : 22°C) OfEHETHEZE L T (K. 58),
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oo | —rERARAR AEEGL R RBHTH
S ! ' HEBR aER goE | REE [ 3K
§ o0 ¢ REE | (g | HBE | (G igioe [ @ ko0 | 8kenon)
53500 L ttest, p <0.05 $EEE | #3288
§3.m L 1 428 | 3908 | 2818 | 1995 - -
Sas00 | ) 2734 | 3154 | 2688 | 1604
% 2000 - 3 1909 | 1024 | 3067 [ 967 -
B
L1500 | migE | 2800 | 2605 | o858 | 1522 | 1354 | 385
'E“m r maege | 1088 | 1405 | 193 | 510 - -
w 00
0 [
HEZ |(AEZHER| #HEE |4SHER | ATHER | ATEER
(4kg/102) (akg/10a) | 4kg/102 | 8kg/10a
(SERY) | (SHRH
BASEES ETH

M.578 A THEEORLT SRAREICL DA AV A by F = v INEEERZIR CEYE L FEERE)

. 58 8 A TaERORBREM T IcB T 2 RiEHE (BET7 A& %)

4.34.4 EE
SHTENZEREL, 9 AYEICT ZAAEIToTE A, MBRELMELTHF A XA B

U F 2 VIREERK 50%IE T 2BATH o7z, 7TH LICHERE, 7 AP TEAA%E
fTo7eBmE LB L TRR D FMHIIRIBHENEZ OIS, 8 H THICHERE LHE8I13 Y
KIBROEmKIRD 25 CRIRICRDZA I 7%, 7T A LAICEELZS8 38R
2B5CULETHRB LTV, 20720, 8 A TAICREZEELLHEICIIF(A AV A e
F 2O LERTHD 25CHIRITET 254 IV I7BEL, BETEIARECL-TE
EMER L-bo LRSS,
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4.4 A XA MU F 2o OBLREZEFIR L I=FHRRE DB AT REFR D i

4.4.1 By
INETICHLROLERE, bR LRERE SR, RETEZRAAREICIVFA VA MY
FaDBEEBIREEZERLTEE, LIAL, WThOFEIBWTHHRX E kL
THA RV R T 2 VINEENBE RSN SR L BB S R WRIR S - 7=,
ZD7zH, MBX LB L TR LREDREZ/FOMEZRMT 2L THA XA bRV
F o VINEEEZSREMICER TE ARHAARITIZLEENL L TRITEITo 7.

4.4.2 M EAFE

2010 225 2011 FICBWTER L2 bR LERER OB LRER E 5 RENO B5R
B, 2015 FICEM LT TAREOBSERBREREZ b LI T 0 v N OFHFRFEED>
LRAREZEH L, £/, ¥4 XAV A MU F 2 v ORMEIE LR 2854 5729,
FRBHMOTIRHES (2010 FER V20114 : JFHT A X A, 20154 : AT A X R) O
7—4 LEBEM A ERG DY, EFEOEATRLEMAHE L,
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4.4.3 #8

HLRLFBEOHRMZELY, FAXVA M F2UINEEOBLRRBOONT-DIX, 4 A
26 ARS8 A 25 RICH R LBEZFMLEZBHTh o7 (F 20), ¥4 XA hEVF
2 VINEEORDRITFNEN, 4 A 26 AOWIMNT67.8% (RRKX : 15.6%), 8 A 25 A
DT 71.9% HREX : —24.6%) Thoto, T OMOBEHIZIBWTIIEE 2B I1TBD
LRV, HBEICBWTHEENMET T 5Hm TH -7,

F# 20 FRICET 5 L LERERNARICLS
HFREHD T A XA M oF 2 U IREERDFEOLE

HEBE 20104F 20104/20114 20114F
9R178 12898 s 8A258 9R98
H{PLBESENE -12H098 -4B268 (E=-LINFH) -9F9H -11A108
HRAEL —
9H178 |12A 98 |12A 98 |4A26R |4A 268 |6A16E 8A258 |9A9A |9A9E [11A10R
FEMEH 3E 1@ 1@ 1[E 1
98178
Eme 10828 124 9A 471 26R # 8A 2R 9A 9A
11898 =2
#
SONBEE HEE| 5169 3547 3547 1589 1589 1341 [#&]| 1370 1708 | 1708 592
(BR/20 g BL) | £L 6476 7049 7049 2067 2967 957 6287 1770 | 1770 924
BRER
2 2
SONBRE HERE 314 55.2 15.6 24.7 65.3
BAEG) | HPL )
E@Z 8.9 579 67.8 71.9 47.8
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LR LBER L HDIEOBIMCE Y, A XV A MU F 2 VIEEOEDRRBD bl
DIXTTHIHEND 8 H 31 HOMIZE 5 EHRE S>iRZMMU-FRE#A L 4 A 26 RITHM LT
R Tho7m (R 21), FA XV A M FavBEORIDFRIIENEN. THIBEDDL
8 A 31 HOMIZHEM L7358 Tid 63.0% (HFRX : 22.4%), 4 A 26 BIZIRML7ZBET
1%£66.4% (12.8%) Th-oTo, £DOMOREH TIIRDBRD b2 h, BEIZENTYH
IR EPME T+ 5Em Th o7,

# 21 ABICBT AL LEERE S ENARIZLS
EZEHD X A XA M F 2 7 IREERAD RO

HERE 20104 20104/20114 20114
4H26H -
7H9H 9817 12A98 8A250
BESHAME -9)?175 -1?)1 9';' -4;235 "6A1A -11ﬂﬂ 108
-ShERER (F'=—penF4)
7896 | 95178 [ 9A178 | 12898 [ 12598 | 45268 | 44268 | 6518 gH258 | 9H9A
HmEEH 58] 3= 1= 1= 1=
7TH9E
7TH23E 9817E
HFma 8ATH 10828 12A9A 4A 268 i 8A250
8A20H 11598 Y
8H31H %
S—— HEBE | s067 2380 2380 2840 2840 1660 1660 1448 5203 1695
208 BE) o) smm | 17114 634 634 1080 1080 692 692 233 6547 1501
29 . - : 2
SONBEE Fagiil=s 224 19.3 41.5 12.8 68.0
RHE(%) BESHE 63.0 -70.3 35.9 66.4 77.1
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BRETEXIAREIZL S THA RV A M F2URBEEOKTARDLNZDOIX, 8 A
24 HICHERE L, 9 A 17T RITTERAALEHETHY, 43.5% (RBX : 1.1%) OBPETH
o7, TH3 HIZHREZEEL, 7TH 16 BILT ZAAZITo12HE TIXINEERDEIT 0%
IR (RHHRIX : -19.8%) L EERBZIRIIBRD IR o7,

£ 2AHBIIHITHRET AHABRICLD
FEHOFA XA M2 F 2 VINEER D EOLE

HEREE 20154
REEER 7HA3H 8H24H
-FEFAA#B -TH16H -9H17H
SHBRAEAR -8H4H -10A16H
BEEE 9 kg/10a 4 kg/10a
SONREE HEE 1380 1653 2891 2858
0 o
(W20 kL) BRERX 1321 1293 2695 1522
SCNBRERE HEE -19.8 1.1
BOROO | pox 0.0 435
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A RVA N F a2y DBEERBHREOHT-RHHZHEET I L, bR LERERUVY
RNVLEERE SR TIIIBAEL T 4 A TRICE=—L~LFZITV., BNLEESICEER
BNENRDOONTEY  FNEFNOBDRIIRBX I H5 50%mWEBAELE R L (K.
59), bRLBERVCEGETEIAAETIE, 8 ADTHICHEMS L IHERE L BAIEE
WG RZBO DL, bR LRERE S CTIIMBRICBWTHHBENEAD L TEY,
PRI L HEEEEERIIRBD b ot £, bRLERERE SIIZOWTIZTH 9
B269H 17T BIZTTHERIMLIZE ZA MBX LD £ 40%% < BELED LT
7=

45

AN

BETERHE

|
t% el
,Fl ‘ ",'J,‘,%EI'

35

30

25

20

SR (C)

15

10

-10

M EE K KT ETERERE KKK R KK K(|EEE K
M~ (=] [#] o — ~ — ~ m =t [Ta] (Ve r~ [=o] [#] (] — M~ (=] [#] o
] — w
g g g
R

— EBESR EEEFRNRE R

— EHERE BEERNE &

— RESE ¢ BFEOERRHY

= 25°C (BHLER) 51>

K. 59 &BRFEOERBKFNEVEERERDEOFELJIRHES
(2010 4E72 5 2011 FEOTIBT —F  FFRT AF A, 20154 : AT A X R)
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4.4.4 B8R

4 ATAPH 6 AICHPT TE=—AvATFERB IRV, bR LERER RS SREFMT
HZEIZLY, FAXVA MU FavFEREY LTEY ., [UROHE TIIRmRIRD
25°CRIZICET BRI TH D, £/2. 4 A 28 B2 D 5 A 25 B OHIMIZHEREE 5cm B
10 cm CTHHRZBIE L TEBY , E=— V< AF % LI5S TITHEEE 5 cm X110 cm D
FHHRIL 20.3C (wAF2L 1 18.8C), FEHEmMiEIL 25.9C (/v F7L : 23.5C)
Thotl, ZOBEHICBVWTIZE=— 1< F 2 TITBLEESRDH S E 2 RN
HRBRIIIToTWARWDS, #HBEDT —FPb e =— VeV FETDHIETHFA AV AL
YF 2O LERE B Z NS 25CHIZICET H2HE/EMT b0 LHEIND,

KIZ 8 ATAICHOBR LERERUORE T IRAREEZITI L THA XAV A ey Fa Ui
FBEOBYPHERINTEY, [UROHE L RET 5 L EFHRIER OEBERIED 25CHitk
EHBL TRV, YA AVA M FarvOBLICE LR TH S LEESN D, £,
HRO LBRER L 9 RE RN LERBRE CIIBEICBWTHEERRD LTz, K
WCEBWTHEERAD LIZRBEE LT, 1) A XVARA MU Fa v g RO ETef
{LRED R L 2L R ORIEIC X 2 BERD . 2) REMAED L 5FBERD R EZ LN
o FAARVA M Fa V3 BEEDHEFET CLEENBLTHZLBMOENATNS

(Francl & Dropkin, 1986), ZDBRIIF A XL A b Fa vOIRRL_Hi5 R A H 1 E
D UBREDEICERT I L0 LHHIIND, I 289 R E R L RED B KA
DEHELEMTHLLHEINTEY, ¥4 XVA MerFa ORI RIETTEEIIIN
BROGBEEIEFETZenmbnT5 (A, 1977), Z07=H, 8 A TAICHRL
BIERE SREBFMLUIZHETIE, F v ARBEEZL T A AV R My Fa vIREERN
BORETHY, HBRIZBWTHLHA A AVA M rFauBgT 5B LEEMEIZL -
THMER ORIEICEY | INEENMET Lo vlgettEdidh 5, 8 A TAIDO B LRERLE 9 KX
BROZEOXBX TIIINEENSTNEN 6547 5R/20 ¢ #t (LLF. HALFER). 5293 BRTH
D, TE1gx 1ml IZBELTHE (1977) OFERLHEKLIZEZA, 30~40%DF A X
VA MEUF 2 UL T 2 b0 RIS N, ORI AL 11 AITBIT5E
BROJE ERAD R (MR : 68%, b LRERE STX : 77%) XV IFEWLDOD, 74
RV ANy F 2y OBVERZHATS ECREERRFTHD LEZOND, KK
A X DEERDTIX, FA XAV R My F a0 RRINCFET 24ED (Crump et
al., 1983; Goboy et al., 1982) BHEINTHEY, BRIZBWTHFA ATV A MV F 2y
FE OB IIREMAEHOEEN TR I TS (BAD, 1988), 7=, REAEHD
IBLIFAEITHIBESREWVNEEFA ATV A My F a2 UII~OFEEREE L Z ENRHE
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ENTEY (FEE 1992), =¥~ AHHHED 8~9 A L WO HIBREWRG T TH A X
AR FaVIIREFERVOREND Z L TEENRBD LI mTREERD 5,

HR LRIEIR & D IROBE LRERIC 8 A TAICHRL LIREZ NN LIcRBRE DB A X
VA M F2UIRBEAE (bR LRER : 6287 §R/20 g o+, XfMRIX : 1370 JR/20 g
1), bRLBEICLDIMENT A XV R b F 2 v 0ET ARUEEDE N EAEE
WWEDHRTEENMETLTWLONIFATHLHR, e T XALEEL 8 A TANLE
i L7 H A CRABR TEEOBD BA LT, BET X ARLEIC X > TIVEE» B
LTEY, ZORHOKIBHESE L EHTIRN 25CHIE ZHB L TV 5 7= OB5ERATEE 2 HIM
ThHEEZIDLND,

UEDZ Lnb, BILBESROD HEZ LBIBEMT L2 L THA AV A VT
2V DEEZERT A2, FAXVA MG FavORLEREEZ NS HIE
25CHIZICR DRI ERT D LER DD, bR LEEROLR LEREIRE 5> RThiUL,
E=—n~vLVFE LI ET4 A TAND 6 HLA.8 A TR 9 AFMIZHITTHRMTS
DERDHY RETEALETIZ4 ATa»5 6 A LAICHEEL, 4 A TA»D 6 APAIC
FTEIALDBLLIL, 8 AL 9 H EAICHERE L, 8 A TAN L 9 AHAICIZT ZATe
ERbHD LHAISND,

4.5 B AEEH

FETIEIFA XA b FavDiEFiEL LT, BEPFEEL2ZWVRR T TE(ER
EHROH HEZ TINS5 2 &L TRMEZRE L., BIRICELED &\ ) AR E R
A L7-BREDORF R URE LT 1=,

BBRFIEL LT, 1) R LAETIHE»OEEINI DO LEEOTM, 2) bOLE
BEKRERE -RED LK LT, IRE 5K OFM, 3) bLOFEETHLRE
ZEGICESEEEL, TEALHE UUT, BT EARE) TOWTHEROSROR
SEEFTo T,

HRLRIEIZOWVWT, ERNRBRIZBWTHRERIEL 2L 25, bR LEEORANE
TR T 22 THARAVRA M FavIMEEELZ 50~65%. RRICREZRNT S 2
& TI%DIERHENRHFTON., D7, BB THR UERERNCLF A XY
AN F 2 OBEERBZRE 5 3% — ORMIZOT TRIELTZ, ZORE. 4 ATH
-6 APH (BEBAIE:67%., E=—L<LFEH) KO8 ATH9A LA (BERIE .
68%) IZBWTHRBE LB L TH A XA M F o UIEENEEICED LTWE,
FOMOFFHIIF A XAV A M F 2 UVEEORBLBRBD N2 E L TRz
THEENED LT,

BLOBZHONT, BERRBRTH A XV R b F 2 v ORERBSE % LR,
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IRE O WA MR L 7B T, RHRX & Hl LT 80% D& EREBERIF L
Teo TDIW, 5RFZ—ORHICHT T, BHRICRE SBEBML, ¥A XA BT
2 VEEEBNRERIEL-, TORKE, 7TH ER-9 Adba (BEBAE: 50%), 4 AT
-6 A LR (BERADE: 62%, E=—AL<AFEH) BT, MBREUEBLTH A X
VA MeEUTF 2 VIRBENBREIIEAD LT\,

FETZAREIZOWT, ENRBRIC L 2FEEBRZBRAE LR, e 2% 1
AMAET ST TTEIAL I L T3T~2%DF A XV A M F o U INEEEBHRENES
Nz, 7=, BHEEEZ LT 52 L THREEBIEN EATHHEMTH o7, 207D,
BBICBWTRET T AREDOHRE 2 ¥ — OIS TRIEL 7=, TORER, 8 A
TA-10 APRICHRE T ZAREEZT LB ICBERBRSL G ONT (BERDE
40%) .

BEICZNE TORBREH LS L CEBRFECBWTERELRDRENFON IR Z
HEE L7-AER. 46 AR89 ADHIMICERAT 5 Z &L THRMIZFA XV A MV Fay
IREEAERTE B2 0N #HEINHF T, &RXIED L < ITFEHRIED 25°C
AIREZHEL TR, FA XA MeEUrF2vOLERIZCET 5720, BLREDRED
HHEMEERMT 52 L THEERFEERBOIRZGONI- LD LEREND,
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5. EER

FARVA MR Favixtgl L2k OBBRICET 2MRIIZERESI TS
23, EEOAERBE CTERAT 2 OICH] L -2 BRERORE S LETH L, A
FETIIHEFTERN CTHEPRBART T AR E LT, FA4A XV A M rF =2 UDENR
IKEDIERR KR OF BB BRFEORELZ BRI E L,

1. ¥4 AVA e rFavOERRRTY < ABIEEFICBT 5 HEEE S

A RXVA B F2VDERITIZSDWVGITE (EFDL, 2004) 7V 1 v ik
(Fenwick, 1940) Z/r L CHEF MOV A M2oRE L, TEME T CIIEZFET 5 HiER—
BB THD, Lrl, YA M2 HEBAO 5T SBRICHBRORMY L RIS NS
Zehb, VA NIRRT ALNERD Y FEBEND, £, SRSV A MADOIIE
HETLAIFMLH LD, ARAOFEELEHS BB TE 2 FEORESLEL ST
% (E8M, 2010), £D7=®, Goto et al. (2009) TIEHBHDOF A XA ML F 27D
DNA Z x5 & L CRIRFIZZ A %E ot T& 5 LD E® -Real-time PCRIEZ AR L 7=,
AR TITLIBORTLIE (R - 1) B H5DEDEER— VI VEICEET
H5ZLT, IVEHICERHKRD X ICHOMEOHELZB I /koTc, FARXVAMEVF
= 7 IEE YT AR R OIIZ 50, 120, 250, 500, 1000, 1500 §F/20 ¢ #a+i2725 L 9128
L. +855 DNA Zf1H L T Real-time PCREIC L YV HIE L=/ E. Real-time PCR
EICL>THOLND CtE L ABRAIFOTNMEE & OMICA B RHEERF L (R2=0.95,
p<001), F£7-. MOEDEL HE L TR—/L I VLTI Ct A 0.7~3.1 B4 518
MIZholzZ &b, A=A INVABIZBWTHEDEDAER LY LRRARBENLO L
EZzbNnb, SREEFELEZAR—/NL I - Real-time PCR ETlX., 2 E TOMZETHERRY
BEWERLBRAKIEL B 2 555 60 JP/20 g #21 (Francl & Dropkin, 1986) X ¥ H{EWV 50
BR/20 g X THERDVFEE ThH -1 Z L b ERFOZHIICFHIATE 2 bDLEEZILND,
WA AHR B FE D HIWRE S HIZ OV TR 2B 272 o7z, ARFZE T, HE%EE 0-60
em X E L TEABRBOBENSHEZRAE Lz, TORE, HEEE 0-30 cm ([CARBERE
D 90%LL LA LTV e, ARBROY A ZFIEEFICBIT 5 LBHRORESMiTB B
420-30 cm (2 80~90%BFEL TWD L DHENH Y (Alston&Schmitt, 1987), A X
DOHERTIT, HEBEE 510 cm (07T HIRIZTEBAEEED 60~70%13EHF T2 L OH
EBxBHD (Wuetal, 2011), Lo T, BRBEEEDZWR T H v A~DBEYOE
ZEZDETIE, 030 mEEDOTHBEMNRLTHILBELTHL EEZLND,

2. HHFAMO LT < AFIZEBZIB T HEA XA MU F 2 VORAERR
BEEDRIZENT, XA ARIGEE THABRESHE S NZER. 83@EHD 5 L 36 @
(BRI : 43.4%) THEEISHER I TWD (F835, 2001; 835, 2002; 835, 2004; FH35,

2006), L L, ERNICBIT 2 =F~ ABEES L2 0R E LIoARBEOFARTORELNX
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DI (FED, 2006), £ Z T, AMFETIIHRER, #E)IE, FEEOT < AREHE
BICBWTHEBRROBERAEZHAE LTz, TOR/ER, 3EHEEZWHEL-P T, 63 BEETAEH
MEABRE I (BHE : 86.3%), =¥~ AHEES CARBRARBEE CTHEEL TS Z
ERHALNERSTo, ARICET HHEBEIIARBOBENBEINIBEHZEZHLE LT
BIRoTWHIEREEBLTWVWDAEELH DR, F1 AREESZ BT 2HBEERIY
LbEWERTHY ., CORBEOENAECDFRA L LT, KEEBHRIZ X D2 RBROEEK
T (BH B, 1987 HKE 1988) RF A ABIE TEAINTWNALAF A AV A My Fay
EHMELEOEAL (BAS, 1988) OEMAIZ L > TABBREENME  R-H., BFZEORE
BLOMIZERELCTWAH LD EHESNTE,

3. M FAEMER B RO FENE, ERFEN =S~ ANBRICRIETRE

3 B DOHEMEF AR B R O, BRI L = 4~ AR & OBIREZ I L7 &
ZAH, EHRHHICL > T F v ANBRICEET 2D FEMER AR O BLFE N R D
ZEDBghols, RERBEICL A~ A X2 AL 3 AICEREENDA, 3 AEHEO~
FIADHBEARVA N FavBEELI v ARNEEORICAOHBERELNT-, Z
it, 4 XA b F a2 LREICERT b bDEEZ BN, FA XAV A MYV
F 2 v ORLEIR & S HUR 25°CRiItE (M, 1977 Alston & Schmitt, 1988) (ZET %
A% 2 AICEMLIZHAE LV 3 ACEHE LIEHRRICBWTEL R ENERL LT
EZzbhlz, —HT2 ACEHELEBAETIE., FFXITV L FavuBEL I~ AL
BELOMICAOHBEARHFONTEY, BE LBINOREM%A Shmitt & Barker (1981) DifE
BLEULTWE, FE2 27 R T 2 738 EEIRD 15~20°C (Pudasaini et al,, 2008)
EFARVA PR F 2L bENED, 2 AEEO =~ ANEIZH L TAOMEBE 2T
LibDEEZ OGNS, HEEEHICBVWTIRAA XA v F a2 vOEERE LT
WeEZ BN 3 AEEO = F~ ANEIZB W THEFOEBEENEOHBEZR LD
WX LT, 2 AEHEOBA TIIREBHRERE L EOHBAREGEON T, F¥FX T/ LEVF2uD
WENEEBER CEBIN VW ERHEEINE, £, XFXTH LB FauRn 74
A e HAENLBHENTEY, BENICZA < 2A0BINCEEL TWS EEZHNS,
A RXVAMerFavEEE 3 ABHEOT Y~ ANEE ORI D, BERHRKELHE
ELI-EZA, 815/20 g 82+ T 10%BINIZIET 5 L ORFEENEDN, EHD (2010) @
RIZEEHLTWE, ZoZ b, AR—/L I )L« Real-time PCR EIZL DX A XA b
U FaVOBEHEICBVTHENBRKELZHET 52 LRAETH D L OEMRERT.

4. bRLERE, bROLERERE SR, RO TERARBEILL LA XAV R My F a2 Uk
FEDOR%

FARXVA MR FavDObzREL, BEICELE DS I L TARRZBRTE 20
PR ERIRo7, BROLERE. bXOLERIRE YK, RETERAALOVWTHLOFED
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ENRBROESRR CEERBRLZFME L2, BHERARICBOTZRMT 2R8I
Lo TEEEBDENRBEI NNV EBH o7, ZHIERDF A XA MV Fay
O LERICIKFET 2D LRI, BAERROT —Z OERE» LARBBRFEOEAIC
BEL Tik 4-6 A K189 A DHiE 25 CRIZISET RN @Y TH D LB SN, =4
< ADORIEHEH 2 EE TS L, RSB TABEL-RESEOREE (5-6 A) Xk
A SO (89 H) ., BRAESEOREKLHET (45 A) 2R ETHRYBRFEOHEANFRETH
D EHRIND, WEROBRIBIZL BBBRFETIE 2~3 » AREOREHHALETH -2
2% (1UH, 2003 [LUH,2004), AFETHE LZFETHVUL, 3@ 1 » ARETHE
EZEBIELZLRFAETHY ., BAEROTY v AR CIIBRIENREX D Z LE2EE
T5&, EHMTHRBRTAIOIGELEEFETHIEEIOLNS,
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Summary — The soybean cyst nematode (SCN), Heterodera piveines, is a widespread pest in most sovbean-producing areas, causing
serious damage to soybean crops and resulting in economic losses. We have previously reported that bean sprout residue might function
as an environmentally-friendly control agent against SCN. In onder to understand the role of water extracted from bean sprout residue
as a possible factor in lowering the number of SCN, either water extract of bean sprout residue (WE) or water (W) was applied to pots
containing soil infested with SCN, and komatsuna plants, a leafy vegetable, were grown in these pots. After 2 months, the number of
SCN, estimated with real-time PCR, was 80% lower in WE than in W and the biomass of komatsuna plants was 100% higher in WE
than in W, suggesting that WE has not only an 5CM eradication effect but also a fertilisation effect. In field experiments, WE or W
was applied ten times during the experimental period from July 2010 to June 2011. The number of SCN decreased by 82% in WE
and by 36% in W; however, the marked decrease was observed only between July and September and between April and June. Green
sovbean plants were grown in the field where WE or W had been applied and the vield was markedly higher in WE (750 g m—2) than
in W {200 g m‘z}. The hatching stimulation of 3CM eggs by WE was tested at four different temperatures {10, 20, 25, 30°C) and was
observed only at 25°C. These results show that water extract of bean sprout residue decreases the density of 3CN and thereby damage

to green sovbeans, and that the suppressive effect depends on soil temperature.
Keywords — Giveine marx, hatching stimulation, Japan, real-time PCR, soyhean.

Soybean (Glveine max) is a high value crop that rep-
resents 509 of the global crop legume area and 68% of
global legume production (Herridge et al., 2008). In ad-
dition to its nutritional value, sovbean has a nitrogen-
fixing ability that improves soil fertility (Hungria &
Bohrer, 2000). The sovbean cyst nematode (SCN), He-
terodera givcines Ichinohe, is a plant-parasitic nematode
that causes severe damage to sovbeans worldwide with
subsequent economic loss. This loss is estimated to ex-
cead USE | billion annually in the USA alone (Wrrather &
Koenning, 2006; Koenning & Wrather, 20100, Heterodera
glvcines continues to spread into new areas, with recent
records from the province of Quebec, Canada (Mimee ef
al., 2014). In Japan, SCN is distributed throughout the
country and causes damage to soybeans, mainly in rel-
atively cool regions from central Honshu to Hokkaido
(Aiba, 2001). In Tokyo, the damage by SCN is seen in
green sovbean-growing areas (Itou f al., 2006). Green

* Corresponding author, e-mail: dito@ kankvo-kanri.co.jp

i Kominklijer Brill N¥, Leiden, 2015

soybean is used as a vegetable and is the immature green
form of the plant.

The SCM life cycle consists of six stages: egg, four
Juvenile stages and adult. The eggs are contained in-
side a cyst until suitable hatching conditions occur. It is
the second-stage juvenile (J2) that hatches from the egg,
emerges from the cyst and migrates in the soil to find
a host (Davis & Tylka, 20000 Hatched J2 are vulnera-
ble to environmental stresses and are viable in the soil
for periods much shorter than if they had remained un-
hatched (Perry & Moens, 201 1). Current control measures
for SCN vary from the use of resistant varieties, agro-
chemicals and antaponistic crops to crop rotation (Sasser
& Uzzell, 1991). Another significant control measure is to
stimulate hatching in the absence of host plants (Riga er
al., 2001}, In a previous paper (Tovota ef al., 2001 3), we re-
ported that a hatching stimulus was present in bean sprout
residue. The study revealed that bean sprout residue can
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stimulate the hatching of SCN 12 prior to planting, and
thus depress SCN populations with subsequent protection
of newly planted green sovbeans. In addition, we demon-
strated that the hatching stimulus is extractable with wa-
ter. However, it is difficult to apply bean sprout residue to
continuously planted fields because soil must be ploughed
to ensure a better access of the hatching stimulus. Indeed,
in Tokyo and adjacent prefectures, leafy vegetables, such
as komatsuna ( Brassica rapa var. perviridis) and spinach
(Spinacea oleracea), are grown in most periods unless
oreen sovbean is grown. In such case, it is not feasible
to apply bean sprout residue, but applying water extract
of bean sprout residue instead is a promising altemative.
The objective of this study is to evaluate the effects of
water extract of bean sprout residue (subsequently termed
‘water extract’, or WE in the Resulis section) in soil on
both SCN density and crop growth and to evaluate the
damage to green soybean subsequently grown in that soil.

Materials and methods

S0IL AND NEMATODES

A soil (andosol; loam, sand:silt:clay = 39:22:30) nat-
urally infested with SCN was collected from a farm in
Tokyo. This soil is the same as the one used in previous
studies (Goto ef ql., 2009, Toyota ef al., 2003). Soil (50 g)
was mixed with 2 | of tap water and vigorously shaken.
MNext, the nematode cysts were extractad by decanting the
50il suspension through nested 710 and 212 pm aperture
sieves. Cysts caught on the 212 pm aperture sieves were
hand-picked with tweezers under a binocular microscope,
then eggs were released by poking the cysts with a needle.

BEAN SPROUT ORIGIN AND PREPARATION, AND
CHEMICAL AMALYSIS OF WATER EXTRACT

Residue of mung bean sprout was obtained from a bean
sprout factory in Nagano Prefecture, Japan (Saladcosmo).
During processing, bean sprouts sometimes pile up on the
conveyor belt and fall onto the floor; according to the
Good Manufacturing Practices (GMPs), they cannot be
reprocessed andfor reconditioned to reenter the produc-
tion line and must be discarded. This is what is called
bean sprout residue. The residue was transported under
cool conditions (around 4°C) and used for experiments
described below within a few days to avoid spillage.

For pot experiments, water extract was prepared by
mixing the bean sprout residue (300 g, fresh weight)
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with distilled water (1:3, wiw) in a | | Erlenmeyer
flask; the mix was shaken at 200 rpm for 1 h at room
temperature then filtered through a sheet of gauze. For
field experiments, the bean sprout residue (3 kg, fresh
weight) was mixed with 20 | of tap water in a 20 | plastic
bottle; the mix was shaken at 200 rpm for | h at room
temperature then filtered through a sheat of gauze.

For chemical analvsis, bean sprout residue was mixed
with distilled water at a ratio of 1:1 to obtain a concen-
trated solution. The mix was shaken for 1 h at 200 rpm
then filtered through a filter paper (No. 2; Tovo Roshi
Kaisya): pH and EC were measured using a compact twin
pH meter and a EC meter, respectively (Horiba). Ammo-
nium, nitrate, phosphorus and potassium contents were
measured with a reflectometer (RQflex Plus®, Merck). To-
tal water soluble nitrogen content was measured with a
TOCTN analyser (TOC-Y CSH, Shimadzu) after filtra-
tion through a membrane filter with a 0.2 pm pore size.
There were three replicates.

EFFECTS OF WATER EXTRACT OF BEAN SPROUT
RESIDUE ON SCN DENSITY AND ON PLANT GROWTH

Pot experiments

The soil (150 g, fresh weight) was put in a vinyl pot
(9 cm diam., 7.5 cm height) in five replicates for each
treatment, then 10 ml of either distilled water or water
extract of bean sprout residue were added. The moisture
content was adjusted to 60% of maximum water holding
capacity (MWHC). Five seads of komatsuna were trans-
planted into each pot and the pots were incubated in a
climatron (Biotron LPH-200, Nippon Medical & Chemi-
cal, Instruments) at 25°C with a 12 b/12 h light/dark cvcle
for & weeks; the moisture content was adjusted to 0% of
MWHC, at 2-3 days intervals, either with distilled water
or water extract. The total amount of water applied to each
pot was 300 ml. After 8 weeks, chlorophyll content of the
leaves was measured with a chlorophyll meter (SPAD-502
plus, Konica-Minolta; three measurements per plant, threg
plants per pot, five pots per treatment, corresponding o 45
measurements for each treatment). The plants were har-
vested from the pots and the adhering soil was removed
by washing the roots under running tap water. Plant dry
matter weight per pot was measured for above-ground and
below-ground biomass, after oven drving at 20°C for |1
day. The soil remaining in the pots was mixed thoroughly
and 100 g was taken from each pot to measure the density
of SCN with real-time PCR described below.

Nematology



Suppression af Heterodera glycines wsing bean sprowt residue

Field experiments one seed of G, max var, savamusume (Snow Brand Seed)
was put im a 100 ml pot containing 70 g of autoclaved
501l then grown in a glasshouse for 2 weeks. A total of 80
sesds were sown in B0 pots. Among them, 48 seedlings
were selected that had average height and vigour. Eight
seadlings were transplanted into each plot on 1 June 201 1.
Mo fertilisers or agrochemicals were applied and watering
was sometimes done. On B July, the chlorophyll content
of leaves and plant heights were measured. On 3 Aupust,
green sovbean was harvested and the yield of beans with
pods was measured.

Using plastic sheets, six plots (each 0.5 m = 1.0 m)
were prepared in the naturally SCM-infested field in the
farmland mentioned above. The six plots were arranged
in rows, wherein two treatments (tap water and water ex-
tract) were applied in alternate rows. Tap water or water
extract {each 20 1) was added per plot according to the
schedule listed in Table 1. To increase soil temperature,
the soil surface was mulched with a transparent plastic
sheet after the treatment of 26 April 2011. Tap water con-
tains some components that can have potential effects on
SCM and plant growth, but the differences observed be-

tween tap water and water extract sprout residue treat- ESTIMATION OF THE NUMBER OF SCN IN S0IL

ments are considered due to components deriving from To estimate the total number of SCN in soil, a ball
bean sprout residue, since the extract was prepared using milling/real-time PCR method, developed by Goto et
the same tap water. al. (2010}, was used. We originally developed a soil

Soil samplings were periodically done using a root compaction/real-time PCR method to measure all forms
auger of 3 cm diam. (Table 1). Soil was collected from a of SCN in =oil and demonstrated its usefulness by com-

depth of 0-30 cm at three places within the same plot and paring it with the traditional sieving method using a
a composite sample was made for each plot. To minimise naturally-infested soil (Goto et al., 2009). Then, the ball

disturbance, 150 g of soil was collected from each plot milling/real-time PCR method was developed because it
at each sampling time and oven-dried at 60°C for 1-2 has an advantage in operability and a similar or even bet-
days immediately after reaching the laboratory. In the ter DNA extraction efficiency to the soil compaction/real-
50il samples collectad on June 1 (the transplanting day of time PCRE method (Goto et al., 2000). In this method, soil
green sovbean), soil inorganic N contents were measured samples (100 g) were firstly dried in an oven at 60°C for
with a reflectometer (RQMAex plus), ammonium and nitrate | day and then 20 ¢ aliquots of dried soil wera pulvarized
were extracted at 1:5 with a 10% (wiv) KCl solution and into powder for 2 min at 20 oscillations 5= in a ball mill
distilled water, respectively. (Mixer Mill MM400; Retsch). Secondly, DNA was ex-

In the plots repeatedly treated with water extract or wa- tracted in duplicate from 0.5 g aliguots of the pulverised

ter, green sovbean was grown. For seedling preparation, 501l as described by Sato e al. (2010). Lastly, the DNA

Table 1. Schedule of water extract application, soil sampling and green soybean cultivation period.

2010 011
GJuly 23 July 7 Awg. 20 Awg. 31 Aug. 17 Sept. 20ct. 9MNov. 9Dec. 26 Apr. | June 3 Aug.

Application of wateror O o o o o o O o o o
water extract

Estimated average soil  30.2 308 312 207 26.6 227 195 123 74 193 242 13
temperature
{10 cm depthy®

Soil sampling L8] L8] o] o] o

Green soybean |
cultivation i

&} Spil temperatures at 10 cm depth were estimated from air temperatures in Fuchu, Tokyo (data from the Meteorological Station), using
the equation for soil temperature at 10 cm depth = 1.05 » average temperature + 0.9 (Chiba Prefecture, https:/foaw. pref.chiba.lzg.jp/
ninaite/shikenkenkyuw'documentsi25_2_pdf). Average soil temperatures are shown for 1 month after each application.

b} From 26 April 2011, temperature sensors were set at depths of 5 cm and 10 cm and recorded at 10 min intervals. The results were
20L8°C (5 cm with mulch), 196°C (10 cm with mulch), 19.0°C (5 cm without mulch) and 18.8%C (10 cm without mulch).
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extract was suspended in 100 gl of Trs-EDTA buffer
(10 mM Tris, 1 mM EDTA, pH 8.0). The DNA was used
as a template in real-time PCR after 10-fold dilution.

Real-time PCE was performed using a Step One Real-
Time PCR System (Life Technologies, Japan) under
the manufacturer’s recommended conditions (93°C for
10 s (95°C for 5 5 and &0°C for 20 s5) = 40 cy-
cles). The reaction volume of 10 ul contained 5 ul
of Fast SYBR Green Master Mix (Life Technologies),
5 mM of each primer (SCN44f (ITS1 position 44-62, 5'-
clagcgitegcaccaccaa-37) — SCN124r (ITS] position 143-
124, 5 -aatgtiggecagcotccaca-3)) (Goto ef al., 2004) and
2 ul of template DNA.

For SCN guantification in soil, a calibration curve was
established by adding different numbers of SCN egps
(30, 120, 250, 500, 1000, 1500) to 20 g of autoclaved
501l in three replicates. Soil milling, DNA extraction and
real-time PCR were performed as described above. The
following relation was generated between the Ct values
and the number of eggs:

Ct value = —3.713 log,,(density of SCN (20 g soili '}
+36.54 (R =0.93).

The density of SCN was calculated using this formula.
Since the calibration curve was obtained by inoculating
egps, the unit in real-time PCR method is expressed as
ege equivalent, although the soil populations may consist
of various forms of SCN such as juveniles and adults.

EFFECT OF TEMPERATURE ON SCM 12 HATCH

Eggps of SCN (100 eggs) were put in three replicates in
a well in a 24-well plate with | ml of water, and then 20 ul
of water or water extract of bean sprout residue, prepared
as follows, was added. Bean sprout residue was mixed
with distilled water at a ratio of 1:1 and shaken for | h.
The supematant was used as water extract after filtration
through a filter paper No. 2. The plates were put in the
climatron set at 10, 20, 25 or 30°C and the numbers of
hatched juveniles and remaining eggs were counted under
a microscope after 30 days of incubation.

STATISTICAL ANALYSIS

Significance of correlation coefficient and differences
among mean values were analvsed by comelation analysis,
t-test and one-way or two-way ANOVA protected by
Fisher's range test (P < 0.035) using a software Excel
Statistics 2002 (Social Survey Research Information).
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Results

EFFECTS OF WATER EXTRACT OF BEAN SPROUT
RESIDUE ON SCN DENSITY AND ON PLANT GROWTH

Pot experiments

After 2 months application of water extract of bean
sprout residue (WE) or water (W), the density of SCN
decreased both in WE and W, but the rate of decrease was
different. The SCN density after 2 months was 80% lower
in WE than in W and the difference was significant (P =
0,05 (Fig. 1A). The chlorophyll content of komatsuna
leaves after 2 months of cultivation was significantly (P =
0L01) higher in WE than in W (Fig. 1B). Above-ground
biomass of komatsuna was also significantly (P = 0.05)
higher in WE than in W {Fig. 1C).

WE contained fertiliser components, especially N and
K (Table 2). Inorganic N content was very low, indicating
that the majority of N was present as an organic form in
the water extract.

Field experiments

The initial densities of SCN were different among plots,
ranging from 1000 to 3500 egg equivalent (20 g soil)—!,
although there was no significant difference between WE
and W (Fig. 2). Because of the laree difference, periodical
changes in SCN density are shown for each plot, not treat-
ment mean values, and differences between two sampling
times (Table 1y were analysed for each plot (Table 3);
the rate of decrease was calculated from the percentage
change in the densities between two sampling times. Dur-
ing July and September 2010, SCN densities decreased
in all three WE plots (average rate of decrease = 50M)
but only in one W plot (average decrease = —2%). SCN
densities decreased more in WE. although the decreasing
rates were not significantly different. During September
and December, SCN densities increased both in WE and
W, although the reason for the increase in the absence
of the host plant was not clear. Then, SCN densities de-
creased both in WE (average rate of decrease = 37T%)
and W (average rate of decrease = 42%) during Decem-
ber 2010 and April 2011, During April and June 2001,
the decrease was significantly (P < 0.05) larper in WE
(62%) than in W {10%). During the whole period, SCN
densities decreased by 82% in WE and by 36% in W, re-
sulting in average densities of 233 £ 55 and 1448 £ 221
egg equivalent (20 g soil)~! in WE and W, respectively, in
June 201 1, the starting time of green soybean cultivation.
The densities in June were significantly (P <= 0.05) lower
in WE than in W.

Nematodogy
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Fig. 1. Effect of water {+W) or a water extract of bean sprout residue (+WE) on A: Density of soybean cyst nematode (SCN; Heterodera
elyciney) (initial density = 3980 epp equivalent (20 g soil)~1y; B: Chlorophyll content of komatsuna leaves; C: Dry matter of the above-
ground biomass of komatsuna after 2 months application. Different letters indicate significant differences at P <= 0.05.

Table 2. Chemical properties of water extract of bean sprout
residue.

Parameter
pH (H20) TO£0.1
EC {mScm~') 13+0.1
NOs-N (mz 1) =5
MNHs-N (mg 11} =2
Total water soluble M (mg 1-13 267 £ 12
Pimgl-1) 3343
KimgI-1) 08 £ 12
S000 ¢
—0— W
% ana0 | B +WE
[ ¥
&
-l |
[
B a0 |
]
G:
£ o0 |
1]
& July | 17 Sep. I i Dec, Mhpﬂl| 1 Juie
L1 2011

Fig. 1. Periodical changes in the density of Helerodera glvcines
(SCM) in =oil treated with water {+W) or a water extract of bean
sprout residue {(+WE) in field conditions.

Inorganic N content in the soil samples collected on
June was 73 £+ 19 mg N (kg soil)~! and 44 £ 14 mg N
(kg soil)-! in WE and W, respectively, and 60% higher in
WE. but the difference was not significant ( P = 0.10).
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Green sovbean was cultivated in WE and W plots.
While plant heights were similar between WE and W
(Fig. 3A), chlorophyll content was significantly (P =
0.05) higher in WE than in W (Fig. 3B). At harvest,
vields of beans were more than three times higher in WE
(750 ¢ m~2) than in W {200 ¢ m—2) and the difference was
significant { P = 0.01) (Fig. 4).

EFFECTS OF TEMPERATURE ON SCN HATCH IN WATER
EXTRACT OF BEAN SPROUT RESIDUE

Percentage of SCN hatch differed greatly depending on
the temperature (Fig. 5). At 10 and 30°C, hatching rates
were very low both in WE and W. At 20°C, 10% of the
J2 hatched in W but no further stimulation was observed
in WE. Hatching stimulation in WE was observed only
at 25°C, where percentage hatch was significantly (P =
0.05) higher in WE (88%) than in W (31%).

Discussion

In the present study we have demonstrated that WE
decreased the density of SCN in the absence of host
plants and thereby decreased damage to green soybean.
In addition, the nutrients contained in WE increased
the biomass of komatsuna without added fertiliser. The
hatching stimulation by bean sprout residue and its water
extract has been reported previously (Tovota et al, 2003).
This study also demonstrated the fertilisation effect of
WE and its practical use in field application compared to
bean sprout residue. Ploughing is essential to allow better
access of the hatching stimulus in soil. Therefore, it is not
possible to use bean sprout residue during the cultivation
period of the crop that precedes soybean/ereen soybean
cultivation. This can be overcome by using WE.
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Table 3. Decreasing rates (%) of the densities of soybean cyst nematode, Helerodera glycines, after the addition of water or water

exiract of bean sprout residue in feld trials.

July to Sept. Sept. to Dec. Dec. to Apr. Apr. to June
Water —2+ 50 —18£14 4246 —10 £ 62
Water extract 500+ 32 —68 £ 22* iT+11 62 + 18*

Decreasing rate (%) was calculated from the percentage change in the densities between two sampling times. Minus values indicate

increase in density.
* Significantly different { P < 0.05) between the two reatments.
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Fig. 3. Growth of green sovbean in a field treated with water (+W) or a water extract of bean sprout residue (+WEL A: Plant height;
B: Chlorophyll content. Different letters indicate significant differences at P = 0.05.

Cwur results have shown that SCM densities in a soil
depth of 0-30 cm have been markedly decreased by
repeated applications of 40 1 m— of WE. However. the
decreasing effect of WE was observed oaly from July to
September without mulch and from April to June with
mulch, but not from September to April. Whether or
not the decreasing effect is observed depends on soil
temperature, since the hatch stimulation by WE was
observed only at 25°C. During July and September, WE
was applied five times, but average soil temperature
exceeded 29°C in four of these times and, therefore, it was
considered that SCN density might decrease only in the
application on 31 August, when the average temperature
was 26.6°C. At the application in April, average soil
temperaturg increased with mulch by 1.8°C and 0.8°C
at 5 cm and 10 cm, respectively, becoming 23.2°C and
196°C at 5 cm and 10 cm, respectively, during the
day (07 :00-19:00). It was considerad that these increased
temperature regimes with mulch induced accelerated
hatching in WE and, therefore, SCN density decreased
more in WE. These resulis demonstrate that the time
when WE is applied to decrease density of SCN in soil
is critical in biological control of SCN using bean sprout
residue.
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Temperature dependence of SCN hatching has been re-
ported previously (Hill & Schmitt, 1989). Hatching rate
was higher at 26°C/ h and at 22°C/13 h (12.3%) than
at 22°CA hoand at 18°C/15 h (4.1%). A hatching experi-
ment was conducted at constant temperatures in this study
and a similar result was obtained: hatching in water was
best at 25°C, intermediate at 20°C and very low at 10
and 30°C. These results contradict the data of Alston &
Schmitt {1988, who reported that SCN hatch occurred at
20-307C. Sensitivity to temperature in hatch can be dif-
ferent depending on the strain of SCN, but the exact rea-
500 is unclear. In this study, SCN densities decreased aven
in winter, during December and April (average soil tem-
peratures in December was 7.4°C), suggesting that SCN
J2 hatch at a wide range of temperatures and then die
in the absence of host plants. However, hatching stimu-
lation by WE occurs only at a limited temperature range
(around 25°C) and thus enhanced eradication of SCN was
observed only in the applications of July and April with
mulch. SCN densities increased from September to De-
cember in all the plots but the reason is unclear.

SCN densities measurad in this study might be undes-
estimated because of imperfect DNA extraction from soil
and vary among different soil types because of varying

Nematology
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Fig. 4. Yield of green soybean in a field treated with water (4+W)
or 8 water extract of bean sprout residue (+WE). Photographs
show plants harvested from one plot of each treatment. Different
letters indicate significant differences at P < (0L05. This Agure
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Fig. 5. Haich of soybean cyst nematode (Heterodera glvcines)
in water (+W) or a water extract of bean sprout residue (+WE)
at different temperatures. Different letters indicate significant
differences at P < 0.05.
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DMNA extraction efficiency. These potential drawbacks,
however, will be minimal. For the former, we made a cali-
bration curve by inoculating SCN eggs into soil and, thus,
DA extraction efficiency of SCN inoculated may not be
different from that of SCN in natural soils. For the latter,
we sel up two treatments in the same infested field and
thus DINA extraction efficiency will be the same between
the treatments. Caution is needed to compare SCN densi-
ties among different soils.

WE contained 267 mg N, 33 mg P and 208 mg K
im 1 1. For the chemical analysis, the water extract was
prepared by mixing bean sprout residue with water at a
1:1 ratio. WE applied to the pot and field experiments
was prepared at a ratio of 123, If we hypothesise that
nutrient content is hence at one-third in the applied WE,
concentrations are 80 mg N, 11 mg P and 6% mg K in
1 L We have applied 20 | of water extract to a 0.3 m®
plot once and this comesponds to the addition of 3.6 g
N, 04 g Pand 28 g K m2. Conventional fertilisation
rates in green sovbean are 5-7 ¢ N, 23 g P and 10-14 g
K. Thus, WE and the residue itself may be considered
as alternative biofertilisers. Indeed, chlorophyll content
of komatsuna leaves increased and biomass doubled with
WE., suggesting that WE has a fertilising effect.

SCN density decreases with increasing soil depth and
about 9% of SCMN populations have been found in roots
from 5-15 cm soil depth (Wu ef al, 20113 This study
supported the distribution of SCN in a soil profile. Our
preliminary survey, in which soil sampling was done up
o a depth of &0 cm (0-15, 15-30 and 30-60 cm), showed
that the density of SCN was 1730 egg equivalent (20 g
goil) " in 0-15 cm, 1420 egg equivalent (20 g =oil)~" in
15-30 cm and only 124 epe equivalent (20 g soily " in 30
60 cm. These results suggest that the majority of SCN is
present im a 0-30 cm so0il depth and soil sampling of 0-
30 cem provides a measure of the whole SCN population
in the field.

Rotation with non-host crops such as sunn hemp and
red clover can be an effective method for reducing SCN
populations in soybean cropping systems (Wamke of al.,
2008). In Tokyo and adjacent prefectures, a favourite
rotation crop is komatsuna. Komatsuna cultivation with
WE for 2 months markedly decreased SCN density in soil
im the pot experiments. Therefore, the best control method
using WE is to apply it in a period with an average soil
temperature of 23°C, even in the presence of preceding or
follow-up crops. The remaining problem is how to apply
WE to a large field, since the application rate of 40 |
m> comesponds to 400 m’ ha~". This method mav be
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confined to a narrow area heavily infested with SCN in a
small field.

Bao et al. (2013) have reported vield increases in
sovbean using liguid swine manure and have concluded
that soil fertility management may be a useful strategy to
alleviate SCN damage to soyvbean. Our results reveal not
only a fertilising effect with WE but also an eradicating
effect of SCN, although caution is neaded for the timing of
application. In conclusion, WE will be an environmentally
friendly control measure: for SCN.
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