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10 ~ 1288 U AL L e dr o 720°, #hHbIiRE o F
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BAR Y L T1E48%, Bt TiEi39% &, 50
W\ 7z T o 7205, WEOERKR 7 L TIEIHNTT% EH
WEZ R L2 2OZ &, BRI, F
B SAEMERT NS — TR & B HEE ORI IR

s, BakiICERHA SN TWA 2 EE2RIET S,
FRAER BT S, e DT8R 3EIERIT S
=V EESRIR L, 3HIEEBICHET LD
X, 22F¥F -7 A4 -IUxHAE, TA2F-aL
F-FoHAL, T -TXHTAE-TLFD3
FEOATH 720 TNOHDOFER 3FEMEMNIT /S
=%, REER7 LERRS L FICREER
7 L CHENIEY o . Blibl Ty, £%43
FEERHT Y = THHEOK N ONEL L, 20
BELTAX2aL1T— 0% ol

2) WIFFRRO#TE

5 ROFELR IEMEMITZERE L, WERR%E
HELACE6~8M), ROERT L TIEILF -
TP -V A EAI’%), TYHA -V XA
A E-TLF(T6%), VX HAE-—TLF-aL
¥(43%), ALF-aTLF -7 ¥ A1 (29%) = H
MWL, ILAF-F UL - VX A4 E-aLF -2
LF¥ =T H A ECHEF TR H -7 E 25D
ZENTELEOR) . ZOIEMFITNER SR & &%
BICTLF —F U4 L) Al—ORiRlEERzE &
L7, o4 -V x A E-—arF-arFE
W AAETREE AT I ERTE L, ARk, 7
HA -V A E-ALF, FUHA Iy HAE
— A4 —ba—rv -3 AFY, BWEERREARALTS
ENTE, TNODOWIERRERLT 5 %% 3
RT3 — OO GEHIHNS0% TH D, 5
4 FLTHRF L 2 EE % 3T ORI (77%) %
HHTWwiz,

BRI Ty, FOER7 LERERIZ, 7094

FaxX SHEMEFUINFZ—COHEEE.

Hi A Bk E4 [y os
1 SRV BRI+ e K 1

i A (%) % A (%) x5 A (%)
ETOIFENERT 145 98.9 201 100 549 98.9
?if}ﬁ{g@m’@ﬁ 66 68.5 118 80.8 137 53.3
FH2 3RS (B) 12 52.6 10 38.4 12 20.9
B/A (%) (18.2) (76.8) (8.5) (47.5) (8.8 (39.2)

FUSEIE O H D 3R IR, B, SURMEM A S E .
ERR SEFTIE, E@MER OAD SEEMN T D) 6, HROZEREATOUTO L O .



B 7 YRS 30T B HIVER) OB AR &R R E A O AT

EE5R EELEIFEMEFINI - OEHBE(%).

TERHTEW B E4 [ ss
14 H 24 H 3 H weBRR 7+ BARs+ Bkt
ahF T YA X HAE 11.8 7.1 2.0
=N a AF ToYA 2.9 8.6 2.0
aAF T RF Ux AT 1.2 2.2
I AF VX AT CxHAE 0.3
=S aAF 7R ¥ 2.2
a A TR F T A 1.6
a A T A TR ¥ 0.9
T A Uy HAE aAF 7.6 5.9 4.0
T A X AT  AAf—ha—r 6.8 2.4
T YA X HAE X HAE 0.9
T YA A —ha—v ahF 0.8
CxHAE =S = 4.3 7.5
VX ITAE Af—ha—r aLF 6.6 1.5
VX ITAE =FAES T YA 3.8
Ux AT X NAE =N 0.9
Vx AT TP A Y HAE 1.4 1.0
Af—ha—y AT T A 6.0
AAf —ha— N =N 1.5 1.6
TAX T oA UXHAE 1.5
TR F Ux AT I AF 1.3
TARX VX HAE T YA 1.3
a4 I AF I AF 0.5
b;‘};’b/ ,:z.AﬂF . \{9%
s N
11.8% 76% 7 3.8% S
— X TTAET = ——— ALK — A

SLK — T A

-2, 6.8% O,

$F6X

RBRAR 7L (&%) THE U AZAZEL3FEFUT/NE -2 22K L ZHEFR.

KR - SHERES % K ED 3FEMFF, R 2.5 ~5% D IFFMFT,
FHR 0 2.5% BT O 3FEEFLT .
BfEE 3 FAEM T ORTF O IERF ISR .

BFH 205558,

WIEFRIE, ROLHRDSHFIERL TRRL TH BEHFTIERF .

LOBFEEANDIET B 3FEEFT, FIEITICHIRT B 3FEF T .
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~ VA A -TAF - TAF L) AETREDHE
ECTELETH). I2F-F AL -V T4 E
—AA = bI—=Y =T AF LW ERFITIHRE D LR
R E R Z D72, AL —bha—r—arF
=T A ) BEEFIT Y — U FEE LD D
TlEBro7:7:0, WIEERRLEALTILITITER
Mo lze WIERRERKT 5 F 842 3FEEM T O
Fi1329% 238 & 2 o 7278, EER 3HFEMEF T O

D #38% LIk <, T 7% 3EMERHT O KEST,
DR R D T TWi e #£ 2 bhl,

i cix, 2 2F -7 U4 -V HAE
—ILAFXF - LF-F U A L) ERNITIER O
BHHEPIEL, 7oA =V H4E-arF -2
AF LV VERR DAL T B REMEDS D - 7225,
VXHAE-aLF - aLFPEEL 3EMEMNIFS
§— U Tlahhoizlzd, WlERR E A ZE 5 1R

1.2% —
= A 7Rk X4‘F 2. TRX
TN o 7
0 d)i
.0
(y LT %‘/ﬁ'ﬁ%% .
a“‘ &
7.1% 5.9% -
TNF — A — A LK — A
&\0 2.4% L
N "~ 9 .
S R
a—y

BT BR7EGEE) THEUELEEL3FENTNE -2 2 EEL LREER.
KR GHEES % K LD 3F/EFT, WER : 2.5 ~ 5% D IFEETT,

iR 1 2.5% KT O 3EEFT .

HiEE 3 FEADRTFDIET I IEFICRTR .

BENF20H 556,

LOHEFE EANPKT B 3EEMFF, TIRETICHKT B 3 FEEFIT .

AR, ROEFHEDSHFIERL TRRL TH 21ET T IEF .

2 T AR AAL—F
a—y
L "6
) g 1.6%
72\‘&’( . J B /r\/bl‘\/ .............. . :7‘1)\3’\,“ ............... 71‘%
hEs 0.5% N )
., 7 ’ o N <
2.0% 100 2 N
anE = = T 2E Dy © AAF e TYA
0.9%
olo .
LAY ‘ ‘
X HAE T AX T R¥

F8RX HBaEit (B THEL AEXELSEFENING -2 EEHK L LwmEER .
KR GHEEES % KL ED3FEMF, R 2.5 ~5% O IFEEMFT,

iR 1 2.5% KT O 3F/EF T .

HiE$ 3 FEAFORTF QMM FIERFICRKTR .
BFHF 205558, LOBFIEEANPKT B IFEEMAFT, TRTICHET S 3FEEFT .
WIEARIE, ROZEED S BFHHER L TRRL TH BEMA T IEFR P REFR .
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IR IAEAE L o 72 (B 8 X) 6

Vo X912, 19834~ 19904E 12 BT, T
VHA =T AT - TAF - T LAFHRD IR
ZEVEARRTH Y, WIERRZHEETE Lh o7
B2, RO TR 2fTh Tzt EZ S
n7z.

4. £E

1) EESMER T HERICRIFTHE

B B IEICH B 3 ODOMAH I TIIEN TR
WER ST, A—MHAO3IMETHLZ D, &
SEROEBEIV %L, oM@ EOMEIIE
DL EEZ BNz, EoHip (18 ICBWTY, 2
LF¥, TS, VA ENEEEWTH - 72D
BAR 7 LTI EE 3L < A FAE RS
Eh, B LI EEIEROIEIMEL, <
A, BESL AT S hTwz,

FUHA, Vr A4 BIIETWHEERT S0
4 A TTHICHZDT 5N 5D, T ORE X
AHEFTTNAL LD L7200, HEREDOENE
K7 1TE, ThoofESEEZ#ENICHZ DT bh
BWI ENDHDH, FTDD, WHEMSS LD
AL AT EN DAY, BFE, L & T
Pkt zdEs 52 LT, oA, VAL ED
e e 2 L &85 2 L RETH 5 (KE,
1983). 4, AR+ T, iRbBERI7 LI~
AFPLELANT EN T (BE3E) 2 id, BR
7 LOPKARDEELEEZ b, LaL, BR
207 UH A, TV x HA T IED, B
Btk dEh o722 Lid, BER 0Pk
W) b S 2 HM O KA, VAT IEIREL v
HZ L ERELT,

B tcid, a2F, FUHAL, VA4 E
DEZE I OIEMF T IEEIME L, < A5, HED
TERHT IR o 72 T 72, BB EORR 1
U720 O AL, MoMIX L HRTHAS
ho 7z R T HEKREA R V2T TR, 8
SRR bR EEEORWIEE ShTw b (W
5, 1982b), TD7, EERENARL, BRIT
W20 OFER DT T E LD, £ 0%
BT 50, PREVEAE VIR EA% MEFIT s
5 E9 2o T WREMENE 2 b7z,

Dk XSz, SRt L7z 3 MdofEft iy sk
X, TNETNOTEOWHITEE I W EE X

BN7ze RAPE(1982) 1%, TEAFMER (VR 3
DEMEMIZ X o> TR S NS 720, fERHT IR
FoTKRELSHEEINLELTWDS, LIz 5T,
FREOEA I e oA, S (138) o iRk
RICHPEL-EEZ LN,

2) #E L - 8mIEER O

AWEZETIE, B2 BEITIHE TIEZ%R <, #k
SNBVERTIER Td 2 WlEA R o MBI % 3
L7272, HEEE AT b T A EN T IET
rfEECTE I LEZ LN, Lo L, WlEkRide
ToMp (T ceTc& by ciain, 7,
Z WA THEIED50% % Ho 5 RETH 722
END, ETOMHE CRIERRMPITON TS b
Tld7% L, HERKHE, 5 WIEBHIMED 22wk
fHTNERE D AT b TV A WD D - 720

AT (1) X o TIERHT IR DS R 2 5 7272
W, FELRIEENI T =2, TRz
WEHRRD T Lo TR 572, T 2F, 709
A, VXA TOEMFITIEI KD B o kR
K7 L+TE, 7oA -V HAE-aLF, TV
YA -IxHTAE-L2F-arF, 7494 -
VX HNAE-Af—ba—v - aLXEHERRE
LCHETHIENTELY, Y AHOLVWERERY
TTRT O, -V A E-aLF -arFEHE
ECERRTThHolze T2, v A, BEHNLL,
ILF, TUHA, VA BT HEIMEW
gl 1T, IAF-F UL - T H A E-
ILAF - LF-F A LW ENITIRRE 2 1EX
TAHILIETEXZLDOD, ZOHROY XY AL E-2
LF T LF L) SFEMENIT Ny — U B FELR D
DTELholzlzd, o4 -V T4 E-aA
F-TAFLVIHIRIERREHEET LI LIETER
Nole $hbb, Ty -V A E-TLF
= I AF L) IEFITNERF A 3 13Tkl L THAAE
L, ZOOTETHIERRE LTHET S ENT
&5, Wb RVEFITNHT Th - 72,
KRAPE(1982) 1%, FEFFFNER BRI RO E W
TEIC X - CTHERR S L, F72, Bk 2 FoRifEw
X, V¥ 4%, A= a—r, £ 75U al
Frl, o AF 2T 2 DTS 51
WIZRESNL E L TWh, SHOMEETD, WiE
R EM T 2 1EWIIER TR OE VL O TH
D, T, AAFOREWELRLDIZTLF, Tx
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HAE, A= A=V, HDEVIIL Y TF U THD,
BV EAR R OBHIZERIERAROEGE L L LT
Wik EZ bz, RO R, ~ AEOVER
FHEMEC, WIERRCY AEPEEN o7
HEBRwTiE, KAROKS(1982) & K< —F L7
7o, EE OV MF OHRAEIZ X - T, WiEARR
DEBREToTHMELRWEEZ N, 72, &
W L 72l EARR I, RAROMR (1982) & I~
THFEEWOR» WA L2 L2k, Bk L T
(AVARE S Y (W

RALR(1976) IZFEM OT/EARR L LT, B3EHE-
< ARMEY — A AFHEW — k7 0 —oN— (Trifolium
pratense L)WSHEF L WwE L TW5h, 2L, a4
F-7 oA R AT) -+ X -7 0—1"—0D
Norfolk iE/E % SHHICE W2 b D EEZ LNB D,
WEFIIEH L > TELZOAF, §4 X% ED
Y ARMEWMIIEEOBKIC X DM AWHIL, 1 A
FHEW AR 7 0 — N — X T B % 4G5 % 1)
EDH D (KA, 1976). 4 IlHEE T & 72wl EAR
&, A AEHMEY ERFEFH ORI L > THER X N TH
0, WEEBDFE T TR, KT 2 1EW ot
HHDLR VR E o7,
MEHIMELZRSTHWEDR DL 0D, Ffk
A1) 720, TEAEYMORGELRET L LEEZD
o (RALE, 1976). 2 AFILEOEWZRS % T
BIZETLTLH2b00, ZEDOC/NEFEHVD,
VEWHR S 2§ EAATCYE, MEWIZ L 25K S D5
R E S oo THBEHOERPWIN S N, 1EWOK
WTELEEVPREZT 5 (BRI TREEDH D 9
bo UbD X)) B2 T, ShEE L 72
YRR CTIE, WEEBEWC L, aAF 0%
G ens, EIEREENSRETLIIREDZ LS
N7z T, HBIEWIZOWTOMIERESSE O
W aiT- 720

I. EEEEDOERE T OBEBEMTOMRE
1. &8
METRLZEII, T TET v 94, Vv
HAE, TIAFOMEMFHEIEL, ooy
THAEREENTEAT LW RENE L 5z, KRBT
X, U4, VX HAE, FAX, TAF, Hik
35 F &ML 7z R (R -3, 1988) 205,
AR E O FERE, FRIZO W THE L 72 (R,
2009 ; Matsuzaki, 2011 ;1M 5, 1998) o HMAERERIZ,

Al e S SRR T 5 Gy P R 2F S T - k420
53 HUR143° 047 , BIfEdviEE EEMEE v 5 —
MVERFZE X >~ % —) T19804E I B #B S, 19954F %
TI64E Bk L CHEG S N ze ER Mo
RS FE M HBICER LTirbhiTw sk
M AL F R SRR Y, 1981 AR &, 1980 5 BHI,
1984 ; BAT 5, 1997) DK L, AZERTILE TR
TR, GRWH, 1AL, LEAEY
BT LML L TWb, ZLT, KRBT
VAT SRR T AE R R S B IR T - HTH, 1988,
FrH - AR, 1989), LEEFES; (RIS 1998) 12D W
THHF SR TE2Z, LaL, fEWIEE 1SS
(falgF 2009), T3EHER E ORRIZOVTIZZE S
CHRET 2 R D o 720 ARFIETIZ, bl
RERS VLS C o/ ERER TR S M- K1 3
VEREOFEREZ I 522 L, T3y L s h
R DOBIRD & HVEREEDIEA T BN 2 E 5L
725

2. M EFE

1) #EHEMERIES E

BRI T VA, Yy AL E, FA4X, T
AF, FiFILFOSMEW ML 72 Tt T
FEHE T L FPIE IS N TWE 2, T T,
MOVEY e % 2 5 2 % 72 DI EFK 3 2 X% 4R
L7z ftalmAiid, SBREER MR, L3I NRT
Wiz AR R v, R o S A fkkE L TR L7z
((BE63K) e 7 ¥ W A ILFEMAEToMELEZEIC P
W, [vas—X]| > [E/)1—-Z] - [/ 1T—
A S| LR L7z, Fika s FiE, RETH
KL [hveh ) | 27258 RICER
il (v sy ] (BES, 1988)ICEH L7z, ¥
AZXBIOT AFIE, 1992405, ThEhy A4 X
v A bk ¥ F 277 (Heterodera glycines) PttEd [ +
GAARX] (EeARD, 1988), WEMEOHE [T
VEYav X (FHHS, 1985) 124 H L7z,

e OEF M %2, FHRRE & ITHE I
L7z TUHA, VX HAE, FHFILFE, 4
HTWICIHEED 5 WIZBM L7z, 72720, 794
3, BTN TH AR L2, 3 AL
WICHHE LA L2l L7, ¥4 X, TAFx
BFREOBRNDD 5 H TSR L 72, U]
WFEEILAFN AR, Vx4 E, TAFN9
AW TH, ¥4 X, 7% 4 H»10H L THh - 72
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FeXR HMEMOHHRE.

H 1980 1981 ~

1985 1986 1987

~ 1990 1991 1992 ~ 1994 1995

F A «— V75—~ t/T—A T2 <— £/Z=—A§ —>
TXNAE < JEARL
FEHalx < e hl INJVLA Ty
BAR ERA FELAA ——>
TR FNE A ESVELS —>
FAEM OVEER], B3, 164 ZE L
TYIA <. Rk L7z
DA HAE ZAEM OWENEIZ65cm & L, H# a2 F o aikiE

FAR >
TAx &>

.
f | THEILY

KR
=
20
)
e
._E(v
B
0
-10

8§ 9 10 11 12

FOR FEHORFFHTEEFHEFTHE .
1981 ~ 2010FEDNT7 X H AT — a6 HHE L =,
T ORRISEEARE .
EERABRTCRERILX ZHHL 0, TBF T

— MBS NSRBI LXOETHBEEHELL 1.

3dem O K VIR E & L7s MERHT A TR L
72hs, T RIRT LI, F U AT AR
BOURLEL, Vv AL EDRINICKRNE, Hika
LE¥ [ veh )| TREEBTEL5g/ ik L
72785, TIHEMRMEE O [ vy h ] ICEE L7228
SRR 7g/ niHR Lz, RBXIZI0H &
4 BI27 57 THEEH25em [CHR L. BHERTO
BeiiL, FEONSIVERT L FITBEEE DR
ATy —, HETFEOREVWTA X, TX
FIINTFAanNT—, VX HTAE, T A IFEmGE
ORI — 1) —nu—%Hwiz,

2) MmiBHE

AR X BU550X (5 PR X 11 x 1 JA8) T
D, FHVEPIEIEXIOX, #fEX 1 X & f) 72 (5
8 &, H10IX) o MEW) & & W2 AR IX & BidE L CRE L,
i {7 XA 35 o W g I B L 7e 1 XA 12520t
(52x10m) & L, THEORMEZP 7z, Hed
FZ A A - T, FRBRIXHIC 3m ol % 71 72,

B7R BIEYMOHERE .

MER BR Jii I £ (g/ et H 0 E
(cm)  (cm) EH Vol VDA
T YA 65 22.5 16.0 26.6 16.0 — A1) — N —
Ux AT 65 30 10.0 15.7 12.9 o—X—/,ng—
FAEa L% 34 &HE 7.0 140 8.4 2SN
HAR 65 20 (2H1) 4.0 13.0 10.0 T N —
ozt 65 20 (251) 4.0 13.0 10.0 T N —

FUAIE, WEREER, AR v v EREET AR R

FHa L F O IT14g/ nd .

B LA X oML, 1989FEFTEHK ) Y AU 7L =50:60:50g/ ni.
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F8X HBRELLERE.

X MeFR  EAE Ww(E ERFREEE SR REEEK
(i F B kg/nf)

B Sk R X co O

JBEAE1.5kg/m X M15 O 1.5

JEEAE Bkg/mi X M3 O

JBEAE Skg/m X M5 O

N—71.5kg/m X B15 O 1.5

N—73kg/m X B3 O

N—75kg/m X B5 O

B8 JE 2K Skg/mi X F3 O 3 O

T 1. 5kg/nd X F15 O 1.5 O

T K X Fo O O

i 1 [X. R O

L ] ] «— 1980~ ——> 1981~ 1990~

FFUHA, VA4 E, BT A FIHT 5 TEEEAIX1991 45T BAA .
IR DR 2 AR T (3198042 12 Bl i .

10m 3m 5m
. TRwEf — H o H TP AER
g (610] M1.5 M3 M5 B1.5 R Co M1.5 M3 M5 B1.5
- B3 B5 F3 F1.5 FO R B3 B5 F3 F1.5 FO
&
N I Jeo LR D AR
Co M1.5 M3 M5 B1.5 R B3 B5 F3 F1.5 FO
i
Co M1.5 M3 M5 B1.5 R Co M1.5 M3 M5 B1.5
B3 B5 F3 F1.5 FO R B3 B5 F3 F1.5 FO
Y ARHENER ek | o et

F10X HEBRXEE .
HBRERORAII8RICSRLL.
WIERDEFTIBFRRT YA > v HA E>T XX >FBILX >H4 (X
B354t (3 144m X 36m.

B, WEX EWIEXOMOmEKIE5m & L, (CO)IE, LMD A THEE Lze HHY OR)E

TEX OVEW I $13 3 ZIRAAZZH, @IER O/ ERRET B 70, MR R, N — 27 A
B, HERELEOLOREL L, WiEX %15 3, Skg/ nifiHl¥ %X (M15 M3, M5,
OV TIEFIE T A =T XF =V ¥ A4 5K B15, B3, B5) & ikld7z. ZREM, /N— 27 HERIE
HaLrx—-5 4L Lz, WX (R) & st X TAERED VR LD 02/ L, ZRRARIZHRER
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9X MAFRMONS (19815F).

%
pH  &RF 2EF

Vg Vv s it FIK - CINK

(%)
= PR 72 235 2.4 1.3 2.8 0.9 0.4 9.9
N—sHEE 7.0 21.8 1.1 1.0 1.2 1.2 04 194

* AT - FrH (1988) L D 5IH .

B4 H (19804E) %2 5, 73— 7 HEA I 305 2 48 H (1981
) SR L7zo 19814 2T L 724 B84 O i o
ZHIORIIR LT, ARYOEZR, HV) Ty AEER
AECE L, C/NEEN=I7 W TED? o 7228, W
TNOEEYDH C/N HIZ10 ~ 20ETH > 7 C/
N %10 ~ 20f2 EE oo A HW iz, HiEdhcw 5
RPCERERETHLEZONLGEHED, 1985),

THEEZR X CUE, 19894FE DIRNE IR EF & i L
7275, 19904 LARE S T3 Im A K 2 L 720 13580l
EHEE, ¥4 X, 7AXAFI2ED-D#H(1,3-
dichloropropene) #, 4% 4, V¥ H A€, HiE
I A FIZWEI9934FEFT T rrVE ) ¥
(Trichloronitromethane : CI3SCNO2) %, 19944 %*
5 DDA EMH L7z (55105) . TIEEEAEH] oL
MRE1260 % 30cm, 178040 OB E I 3ml & L,
A 2 AT, B AL TH A& 217572
B, b HTHICHIEYS 2~ A%, 4 IR
WAAT 720, T4, V¥ A€, Fifar¥x
4 A TRIHERNT§ 5720, MEHOTIEMAT
(&, IEREERAD RIS AIRE T HI LB TE RV,
IS OEWIIHd 2 HEEAKIE, BIAE10H 24T
kLD, 7oA, Ve hAE, EHas
FTIZ19904FE DVERHT LART I Tl 2479 2 & A8
TEGholze TNHOVEY TIZLIFHIGDS 1 412
M, 1914EN S QUL L 72 5 72,

3) TIBOER, UCE, HUILOMR

BRI TR AR 7 LICRE L. RERBIIART
(19794F), WRERBIAATE 5 4 H (19844F) O 135 Hr i
FEEAE OGS (AT - B, 1988) 22551 L7z i
ERPRIE 1414 ~ 154E H 12 & 72 519934F,  19944F Dl
T, SRBEX OEWIERIC, o B 5 MG
BRIX D 4 B & e 54 1 5) 122w TFHKIE15em
OTEARIL, BA - B Lo, 2E1E, g
ECHE L7 EBER (s N A3 A8ER) LEV
AR % 7R3 BORA N GIRIR - 35000, 1964), WTHETE
1) YR Troug ¥ & 5 Mg ik (4, 1970),
MHEA Y 7 AT INFERT v =T ATl L7z
b D& (Z4 - B, 1970) THHT L7,
HEE, DT, &5 VU H ) A LELRT S,

4) NERE

IWHERRASIE 11X 2 nd (1980 ~ 19904E), & %\ g,
11X 1 ndx 2 BAE (1991 ~ 19954E) TH1» 720 T ¥
YA, H1EEOMETRE M EEZOIRL, R
OAFE(g/ ) # Wl L, BREEL L. H5(%) ik
AR M THlE U (R AR PE 24 b i 1 1 3 i By
fi, 1986), BIE x BEs; % P (g/ nd) & L7z,

VX HAEIE, WEY)O W E(g/ n),
FrT (%) #HEL, ENLOMENST YTV
W (g/ nd) #HM L7z, Lwdi320g ML Eobl%

F10XR BEEICHTZLEHEESNIE.

A 1980 1981 1982 ~ 1987 1988 1989 1990 1991 1992 1993 1994 1995
A fIRzEE —m———> VA= 2a/8) N2 D-D
X HAE fIREFHR ————> sane sy D-D
HRaLx AIKEHR ————> Jae ) D-D
HAR FIREFR < D-D
TARX FIRE R < D-D
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TdHh 5o il (1976b) DR L72X (1) IZ L 72255 T
FrroiEERL, T UvNEEREIILY
BHL. 2B, WEIE FAVIEREGICEST
FHAIL 72,
F VT At =214 x HeEE - 217.184
Fr7vE=s P EX (Fr7Uqgli- 1) -5X(2)
FA X, TAF, FEaLFOWEZ, PUEY %
JEGZ, WiEk, EGEL 72, FHER(g/ o) ZHE L7,
IWEHERERL, ¥4 X, 7AFIZHEYS ) B
EEKE, FFTAFIIHEL )KL TREE
W L7z
VRIS X 200, dEEIRIX, REEEAXICD
W, BEXICRT 25 L (X3, 4), #WiE
X DUE L i L7z
WAEDEE =

FEAER X DR + B fEIX OYLE X 100 - - - 3(3)
AL RO =
TR X DR + W EIX OYLE X 100 - - - 3(4)

HAE, AP, HEEROBEEZMET 57
B, FBWMBX ORI O WTIERE 2 RAE L5 5 50
M ERAT o 720 OSBRI,
THEEHAORENE DL I EDH o772, 5k
SATEE Ut DEEIZOWTITo 20 7Y HA T
X, (Va5 —R=>E ) T—A>F /) T—RS),
TR (l— 2 a0V ¥ 2 ) ¥ — DD H|) A34E
Bk oTRR o0, vag—xXEMHRALL
1981 ~ 19854F, £/ =— 2 & ftEl L 721986 ~ 1990
F, B/ T —ASEMRAL, ruresy r 2
L 721992 ~ 19934, £/ = —Z2S%fitikL, DD
2§ L 721994 ~ 19954122\ T, 4% JH
ET BN &AT 5 T20 WG T F DA
Eholzpt, AFa—7 v MELZ:#HPH % vz
RAEREASEN L (R, 1978), WIEXOfE % 2k
#E L TR, B, #IERBRTIIIEDS R
B, ZOSEGHTITMBIR T % L, REBRX A
A L7722 & 12% %, L72hSo T, MENTHERICIE
WERDFEEEIZTTIE R, o EbEEns L
ZzZ bz,

HAEIZ X DVINEDADT 089 B, FEEDME]
WKL) Z0ORPERETELNE) EHET HIC
(&, S AEX (O : Old soil), 4L X (Ot : Old
soil+tretament), ¥afEX (V : Virgin soil), ¥afEL
PHIX (Vt : Vergin soil+treatment) 25 % CTdH 5 (F
¥, 1977 5 I, 1981)c #AEIZ X D IEAIRA T

B, OMEEX QR EHIEX X 0 kb 5
(0<V)o F72, AW X o THAEIZ X 2 I
DFERD R SN HIIE, @B X o TEEX
DYLEASEEM L (0t>0), @RI X D L 1
X L% L L 2D (0t = V), @ffEuiX ol
BHEX %L 25 (Ve =V) CEE, 1977). L
L, EERERTIE, WELBX %% Twiniz
%, O AEXIZ3 S 2 MAER ORI B L9 2,
@ULFRIZ & - CHEX O IE 23T VEX P [ L 72
MEIPOIRERE Lo BENRIX OIS, i
X - /N EA X D IRWETH UL, ZofEWIE
BEICE > TIN L7z E 2 Bz 72, AW
MHIX, HEEARXOIEDS, WiEX - /N
XD HEWETHIE, N5 DB X - THAE
W EBBIUIBR I Nt EZ o N, B, #HE
BEEDFRIZOWTIY, TEER, RS L
BEOMRPOMET LI L E L,

5) THERER

T v Y A WG IW5 (Rhizoctonia solani) FEIFFLEE O
VX985 IC MG L 720 FEMFEEELL, 0~5 D68
R (NAIKT and U, 1977) CaMii L 7z R 1 22 H
AR ok ot 2 Z AL, 2o
WS L7,

X WA EZ ) D (Streptomyces spp.) Tk AL E
N EFEICH V21 ~ 2 dOMFEOEHEIZOW
TITw, BEDOIBIZ 0~5 D 6 BRFFTAFfliL,
OV R L7z, £ 9 IRMRIHFEEEDS S DB
E BIBEXKTEPHMICBBbhTwi,

FAZADFA XY A Mty F 2 (Heterodera
glycines) 1%, HERIX T L2 HIEZRILL, Wik
(& DI R WAE L7 (5, 2004). 7Z&ds, 1992
ENZFA R HE € v F 2 EHEOT b3 AR 2
WCEH L7272, TRUBEOWERTTHL Do 72,
TAFTIE, FA XL, A XA My F
OB &2 19904F, 19914 AL, € OfEIZ>Ww
THEELZ R L T 508N 2175 72,

B3 2 XTI, 19914F O Bkt 138 o 37 AL 40 11
AP L 720 SlBRIX o 1382 g & 1% 334
R L, M5 W (Gaeumannomyces graminis) %
T C, VAR OSERRR 2 A L7, FEEBIE10K
ATV, ENLDOT = o0 HaH %217 - 72,
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3. R

1) XBOE%R, VB, HUIL

RER ORI ) HIEBALE OB £ 55113k
A~ L7z dfERBRO SRR 2 P $ 5 L, WA
B E 2kg/ MBREH L TW-Z Ll b, R
W 35 23 22 55 A ) O R R R AR 7 L (W5 S,
1982b) Td - 72728, WHERBAAH (19794F) @ 13
T, A A RE 2 XTI - 720 RO
FEIZE b RoT, BHR, U VREOTIER I
ML, TEOEGHRIFOIREL 7 I ERA R

(Cation Exchange Capacity : CEC) d B4l L 7227,
19934E 2 > ThH, V) Y ERONF-IMHIE b e it AR
BIZBTAEEMEL ) HETHERNT I THo 70
19934F, 19944FE D 13ESATEIZDOWT, FEEL K
BET BN EATo722 25, £ESE DD
M7, WHEBEEIERE o7, LaL, KEMEH
RO SNz, EW - WEEIZ, 23K,
VYR, )T A O ER L7z (BB~ 4513
Mo #35EBRLEREILZVT VH 4, HDWIE
VX HAETEHWEEZRL, SEWORENEE & i

F1R LHREFEMOHS .

EH UUlE VoA Tt £IR CEC
(mg/100g#z 1) (me/100giz 1)
aRER A AA T (19798K) 1.9 1.4 16.0 6.2 100.2 15.5
RERSAEH (1984%K) 1.9 5.5 27.5 12.4 145.5 16.9
ARER 1448 (1993%k) 2.5 9.3 36.3 18.3 161.4 19.7
Al ¥ e AR B 10~30 11~24 14~26 140~200

FBRBHAATT, SRBR 5 4E H OfE & JLiE REILERHE AR T - HH (1988) & D HIH .
ABR S AR, [A144E H oM, ARWIETIX 2 & 4 asBRIX o Pl .
ERBRX O AN EZ P9 5 L8 2ke/ ik 2% .

5-A~k*

4 F

ZEHE (mg/100gH: 1)

ZEHRPLE (mg/100gHz 1)

FAL DXAAT FAR TRE FFALX

p
0 A (kg/ i)
51 5
2 C ~
w 4 P jj 4
oo L 4 * =
S o
i‘;‘; 3 F g 3 *
oh
1 £,
o i
w1 y = 0.1048x + 2.3477 = y = 0.3304x + 2.5015
% r=0.8915* it r = 0.948%*
0 1 1 ] O 1 1
0 5 10 15 20 0 1 2 3 4 5
R (g/nt) AN & (kg/nf)

B11RX B (A, C), A E (B, D) I HEOEFIREICRIFTEE (1993 ~ 1994%F).
A BTREEZREELLESEDHEITVY, XAFa1—F> MELAGRZAVW RN EEEZEHL-.
ATRTZILT 7Ny NTR/INEEZEZRL, B CRRBWERDE, HIEFX+RINEEEDEEZSETRLULE.
C ClBEDICH T 2ERGIEE, D CIERYEAZE LN EBOEREEDOHBEMIEIT /2.
k%3 1%, *35% KETEE.
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UV FRIEEE (mg/100giz 1)

VMR E (mg/100g#z 1)

—_
[$2]

[
(=)

ol

(=)

15

10

JeitE sl B ERE TS & > & — W JR i 452015 (2013)

b b

|ENERERERE

FUHA CXHAT FAK  TAF FEAFALX
22

[ C

*
L S *
y =0.5453x - 1.8674
r =0.959*%

0 10 20 30
U BN (gfof)

15 p *k

VPRI (mg/100gHz 1)

AN = (kg/ni)
3
ZLu}'ﬂ
an
o
=
% L 4
E
o L 2
Lt
& y = 1.0856x + 4.7893
N r=0.915**
~ 1 1 1 3
1 2 3 4 5

A & (kg/nt)

F12R F (A, C), FRYEAE (B, D) Pt LIRO U > ERIRE (CRIFTRHE (1993 ~ 19945F).
A, BTREEEZRELLEMHAMETY, XFa -T2 MLAGBEZAVW RN EEZEZEHL .
ATR7ZIV7 77Xy NTRIEEZE%ZRL, B CTREERDME, HEX+RIEEEDNEEZRBRTRLE.
C TREMEMICHT S ) CEMEIEE, D TRERYEAE LM TROY D REEOHBEINEIT .
131%, “135% KETHE.

50

40

30

20

10

0

HVT LHEE (mg/100giz 1)

50

HVT LPEFE (mg/100gHz 1)

40 F

30 F

20

10 f

*k
A

a

ab

TUPA XA XAX  TAF FFaLX

174

e

y = 1.5889x + 13.304
r = 0.965*

5 10 15 20
7YY LA R (g/nd)

HVT LJEE (mg/100gHz 1)

HUT LB (mg/100gHz 1)

10 f

0 1 2 3 4 5
ARG A B (kg/nf)

y =1.9058x + 27.441

r=0.905%*
1 2 3 4 5
A h ) e (kg/nd)

H13R F (A, C), FRYEAE (B, D) PETIRDOAN Y 7 LIREICRIFTHE (1993 ~ 1994%F).
A BT EEZRELLEGBAMZEITY, AFa—TO MELAEEZAVW ERIEEZEZEHLL .
ATR7ZIV7 77Xy NTRIEEZE%ZRL, B CRERERDOME, HEX+RIMEEENEEZRBRTRLE.
C TREMEMICHTHHY Y LKIEE, D TRRYKAELHBTROH U Y LREOHESTEITo .
31 %, "35% KETEE.
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TIEOEFREIAELRIEOMBZ R L7, 72,
AEWEHENZ VI EERF IR VEZRL, A
B i = & B TSR O FE IR D AT R R IEOAH Y
L7z A L7220 3 EWIC X o TR
S, WARFEIC X BB & > TRDIS I HENEA
HAH7D, PHAIBIERAT L LIRS v L
L. 104E DL RO LR, A2 EH L 22%o
19934F, 19944FI2 BV TiE, B IO 50 13 e
, AW EZ X SR L Twiz, KRIZ, 21
TROEONGE, PUEM R & T3 E IR O%
HEEBRET %0

2) FrH4

(1) IRELINEBRESR

T VYA OREEOHMER & HIARIIR L7z EWlEX
DOPE I, FlFX A & B L, TIRANZ £ -
THENEOEE 2 Z T 2R S 54 (O), €h

1500

A
1200 f
"2 900 |
B
g@ 600 |
300 f YuT7—x £/ T—A £/ —AS
0 . . .
1980 1985 1990 1995
AR
150
B sa)l D-D
|74/ N4
PERRENOEEN
100
X
£ 50
0 . . .
1980 1985 1990 1995
HERE
F14X T U1 DEEDHTRE .
A ZEHIERDEZRL /.

@ EEE, O HERMEEREBELLE.
B I3EIERDMEICK T 2R ERL .
O 1 EEMEBKX (CO) ~&{EX (R) X 100,
A HIRERKX (FO) ~&{EX (R) X 100.

VDA OERE (@) 1251 TR L7ze BafEX YR 14
BIZL->TEHL, YT —XPLE =IO
i S ORISR WIS A 2% - 72, L L,
BEIX & AR S RE L 72 4EE R, BEIC X ) < 2
DK E PN L 7219834F (HEER, 1984), 19934F
(EH, 1999)TH-oTd, 7y HAWNT L&
E oo, WlER AL L CGEEOEE Y
METC& 5 EE 27z, HIEMHX O, 2L A
EDMEFETH0% R E THWA L7228, TlAX T
X7 anve s YA OR300 % T E &
RL72

AR, HRWRH, TN T VYA ORI
BIIITRBELEIBKIIR Lz, RBLE0ORL %
V1T — PR R (19814F~ 19864F:A), €/ T —
A BEERII (19874E~ 19894F : B), £/ T—Z S
ya V¥ r) v L7 IR (19924F ~ 19934E :
C), €/ T—Z SIZD-D A% M L7z (19944
~19954F : D) IZDWT, EEEKE L L7zaisr
MEITo720 WTNOEAEIZH, HfETIRIX O
FEEX X D) AR Lz AWt & o Rn
e b o T, HRIIMINT 2EIERL, oM
ML RBRA T R L o720 TP D, 19904
FCT(A, B ITABEWIGEHIC X - THiR S IRIEX &
HREAEVB R 5 ETHET 52 L3727,
19924F ~ 19934F (C) I3 A #W %= 3 kg/ mi DL BRI L
721X, 19944F ~ 19954E (D) 1&15kg/ nd Bl _EHi HI L
72X T, BEEDEEX EGEEDS R 7D T THIN
L7z 2O, AHMOMEIC X 5K E M2
DHNLGhoTz, TIEEZAORHRITEANC L - TR
=Y, yaner ) raEfil L EEICE, MR
VR A4 L 7245, D-D Al % JiH) U 7245 B2 LSR8
R LN 72,

A K B2 T b B L & B O RS % 45 161X11C
L7z MR L WA ME, BES2RTEX & EEX
DR L EERWEREIWIT LI EEhro
7oo WAEX OMEOIREIL, HiE & FEIC50% FEEE
FTWA L7225, WS OFREII80% B THER L
HWAEIC X 205 DA IIME L HLRD LS Hho
720 BESOIBKIEZ T VY 2 ) UHEFIC X o TR
FTAHMENER LS, Z7alvEr ) YREHERD
19914 1%, AKX 2T TR L, BRI O
TR WRIEX L D S W Z R L7z,

B, Mo 4ERE & B2 2 a1 & 7R L 7219914F
(B), BXU, MoERE L IIZFAEOMENZR L7
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Bl (g/nd)

B (g/nd)

515
A
D
O

f&

RE (g/n)

JeitE sl B ERE TS & > & — W JR i 452015 (2013)

1500 p
A (1981~19854F) **

1000 P
‘ ........................................
500 ;________i;;:::::::i;::::==—_==:f
0 Il Il Il Il ]
0 1 2 3 4 5

i & (kg/m)
1500

C (1992~19934F) **

1000

500

2 3
A Ew B 4 (kg/ o)

HE, ARYERAE, TREXIST OV IOBEICHLET

1500 p

B (g/md)

500

B (1986~19904F) **

1500

1000

& (g/m)

500

A H S A (kg/nd)

D (1994~1995%4) **

2 3
A h ) (kg/nd)

EI
2E,

fvAas—A~] #EE, B [E/I—X] #fl=F, C: [E/I—XS] +70/IEV VU ERE,

[/ I—XS] +D-DHBEAE.

DEMENREX EEREREAK (Co, M1.5, M3, M5), []:/N\—H#EEAK (B1.5, B3, B5),
A TIEERX (FO, F1.5, F3), @ : B{EX (R).
PEARPEXF21—FT > MELESEHZRAVWARIEEEZEH L, BIEROME, HERX-BINEEED

EFORCRUE. TTE1% KETEHEE.
8000 20
A C
6000 | 18 r
L 16 F
4000 F ~
%
:{éﬂ 14 b
12 F vps—~ EF/)T—R £/ —AS
0 ! ! ] 10 i 1 )
1980 1985 1990 1995 1980 1985 1990 1995
R HHE
150 120
B sl DD D
=74/
100 PRgs ey e s AT
<
- O/
am 30 F O
N sl D-D
=874/
<>
O Il Il ] 60 'l Il ]
1980 1985 1990 1995 1980 1985 1990 1995
R fERE
F16R T Y1 DIRE(A, B), 185 (C, D) DHEFE.

A, CIIEmERDEZTRLE. @

B, D I(3EWERDMEICHT 238 ERL 1= .
O 1 EEXERK (CO) +#{EX (R) X100, A : HIRMEKIX (FO) + EIEK (R) X 100.

DEBOF, O ®EX/MEMER EREL F .
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19924F~ 19934F (A) IZ oW TR L 7= (85171X) » 1992
AE~ 19934E D BE S 1L, EfEX X 0 dEx I X o ff
PEBICHAL, ARYEHE ML T, My
FIEE AL e h otz ZOVEZ ) YREHIZ
Lo THSDPAEREIIHIML 72, Tomaicl, A
BRI E b 7 o TR DR 2 I A5320
SNz FRISH L, 194EDRESGTIX, 7oV E
7)) VX % &S 73 EI0X 0D, WEX XD
EWEE R L7z 7z, #ERICBWT, AW
M, 7ane s ) Vi oOBBIIR SNk -7,

20
A (1992~19934F) *
18 F
<16
i
5*5“ 14 b
12 F
10
0 1 2 3 4 5
HHEWhE A & (kg/m)
20
B (19914F)
—
§ 16 @
M
:@ 14 b
12 F
10
0 1 2 3 4 5

A&l (kg/nd)

BI7TR 700EZ) CRAEEICE TS, EfE, AR
YRERE, TREXRISTOHAOEICHRE
THE.

ARESE, BIBEEROESPEVEEZRLE.

O EMENEBEX & EFEEKAKX (Co, M1.5, M3,
M5),

O: N—oH#EEAK (B1.5, B3, B5),

A +IEERKX (FO, F1.5, F3), @ : ®{EX (R).

A TROBAHEITY, ZF2—F> MU -8HE

ERVWERIMNEEEEEELE.

“135% KETHE .

A TlE, BERDOME, HEX-RNMNEEEDEEZS

BTORUE.

(2) TERESR

7 VA WSRO BRI OV T, 2REEX O
HoOHER (FE18K A), B L, #MiGEORELZE
BT 25720, WEXR), #EGHRX(CO), Tk
X (FO) D D A DR (518K B) /R L7z, 4
ARERX BT 2 B O RIRALEE TIE, WlEIX OfiE
ZIEIE0TH o728, HEEFX TRWEZIR L7,
L2 L, #fE12 ~ 15%E HIZ B 72 5 19914F ~ 19944
1%, HEEX T &L BMBRO SN ah ol €
D%, 19954F121%, Tz + ZRBEE 3kg/ mif
X (F3) O & THIE AT A L 720

RUEE IR O FBR X [ 72 2 a3 5 720, BUEBHO%E
A B3 L2 7219854F ~ 19904F D e F2 1 (55191
A), WEWRBSILEAERONRL otk T

1980 1985 1990 1995
TR

B8R T Y A RERDBRIZOHTS .
AlZ2HBREOEZRL .
O EFENEBX EEREEEAX (Co, M1.5, M3,

M5),

O] : N— o #BRAK (B1.5, B3, B5),
A : HIEEEX (FO, F1.5, F3), @ :&H{EX(R).
B I E/EXEBX (CO), LIEEREK (FO), #EX (R)
DEERL 7=
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5 p

A (1985 ~19904F)
4 F
i
R
B
R
L@2/O\Cﬁ
£R Q
=
al D\ﬂ/
0. Il Il Il Il J)
0 1 2 3 4 5
HrgW A & (kg/ni)
5.
B (19954F)
4..
iid
oH
E 3
B
' 2
&R
=
1t {(/////A
08 . 3 —0
0 1 2 3 4 5
Wi A & (kg/nd)

F1X EME, AEYRAE, TBERXRHL T Y MIRE
ROBIREEICBLIFTIHE.
A BRERBRIZED RS T 3 LUBTOE .
O EEMBX & EREEEARX (Co, M1.5, M3,
M5),
O): N—HBEAK (B1.5, B3, B5),
A +iEEXKX (FO, F1.5, F3), @ : #®{EX (R).

B IBRIZE IR L %, RERIBRELLE.

R + ZRLENE 3 kg/ nd i X (F3) THUE % A3
DA L 7219954F (519X B) o e 9 B2 % Beid L
720 19854F ~ 19904F 0 5 L BE 12 X 3 % 43 W oo AT
(A)TiE, FEMEIKRENIEDLDHY, FHITH
BIE R oL b oz MWEER, WIEXIZHAGE
& X TEWEID S 57255, AHEWEHEICE 5
B 2 SRR SN e o Tz e, ZOHEIE
ZUNEZ ) KD HERE RGBT AR TH -
720 MREIRATEIE L 7219954F 1218, Taflag + Ak
W 3 kg/ niliH X DA TRBFREAIFRILS & %o 720

3) VyHAE

(1) RELINEBRESR

77 VIR OHER & 20N R L7z BfEX o
PRI X > TEH L 724, e & XS

1000 r

A

— 800
=
o0
et 600
=
N 400 |
N
A
N 200 F

0 L L )

1980 1985 1990 1995

R
150 B
g A
i‘?ﬁ
= 50
v D-D
eV
0 L L < >< E.
1980 1985 1990 1995
TERE

HEH TyHAEDT T INBDOHR .
ASERIERDIEZRL 7.
@ EEE, O: HERIEER EBEL £
B (IE{EX DEICKH T 58z R~L 7.
O : E/EMEBEX (CO) ~&fEX (R) X100,
A : HEERKX (FO) - #{ERX (R) X 100.

Bidz L 72 4EEOMlDS, TRUSOEE L ) K E
g B L b otz HIEMRX O, HEIE
34EH D19824E 2 580 % FLEE THERES L 7278, 19934
DIREIZ70% LT CHER L 720 TR X R #idE
TERHIRIX L) bR @m R L, 2une s ) Vi
FHIENC Z o253 Lo 720

AR, AWM, TEEEST VT IEICE
FITT B FEAMIR Lz, 7y 7y R, R
BR G fF o0 5 70 % 1358 08 25 Bl 4 DA (19814F ~ 1990
EIA), Zua ¥y Y St (19914~ 19934F:
B), D-D #liti F I (19944E ~ 19954F @ C) 1Z451F
THE L7z, FIEIZ THEERZITDb b o 254
(A)DORICHEE o7z BAERIRIX OMEAS, HlE
XE)EBEIHDTHI L 3% orzh, N—rHE
B 5kg/ miiH L722IX T, WfEX X A ZITR
L 72,
FIREAHEOHBIFHNC L > TERLRY, DDA
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1000
A (1981~19904) s
‘2 800 f
B
i 600
=
S 400 F
N
i~ 200 F
0 'l 'l 'l 'l J
0 1 2 3 4 5
Fkiie & (kg/nt)
1000 1000
B (1991~19934F) C (1994~19954F)
2 800 e 800 F
. .
1= I>BS&<8 =
A 400 A 400 §7G>_W48
N N
N A
200 F N 200 F
O N N N N ) 0 [ [ [ [ ]
AT HE it A ik (kg/nf) FREA I e (kg/ i)

F21X EE, FHRDRAE, TBEXS Vv HIEOT T UOREBICEKITTHE.
A: TEERZIThbED-/F, B: 7OIEY Y U AE, C: D-DEERAE.
O EEWBEX & EREREEREX (Co, M1.5, M3, M5), [1: /\—7H#BEHAK (B1.5, B3, B5),
A : TiEEHKX (FO, F1.5 F3), @ : #H{EX (R).
PEAMPEAF21—T> MELEEREZAVW ERIEEEZE2EEL, WMEROE, HEX-RNMEEZED
BEEEBECRUE. ""31% KETEHE.

6000 20
A C
18
E 4000 P =X
e = O
Hfg !
Z 2000 F ‘Q
- NP A
0 Il Il ] 10
1980 1985 1990 1995 1980 1985 1990 1995
S R
150 150
B D
125 }
125 }
100 —~
R x
~ 75 ~ 100
£ 50 gz
7w D-D 75
25 F SN
0 . , S 5
1980 1985 1990 1995 1980 1985 1990 1995
i g

B2 THAENDEVWSE(A. B), T T Afi(C. D) DHEFE .
A, CR&ERNDEZRLE. @ BEDFE, O: WMEXIMEMERKEBEEL F.
B, DI3EEXICHT BiEHERL 1.
O : E#EX KX (CO) ~#{EX (R) X100, A : HIEERKX (FO) + &#{EX (R) X 100.
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6000
A (1981~19904) **
E 4000
20
L
D
Z 2000 f
‘_1
O Il Il Il Il J
0 1 2 3 4 5
F Rl A (kg/nd)
6000 6000 r
B (1991~19934F) ** C (1994~1995%4)
€ 4000 E 4000 F
) X * R N
i i I”/Bﬁéa
D D
Z 2000 f Z 2000 F
-] -
0 Il Il Il Il J 0
0 1 2 3 4 5 0 1 2 3 4 5

H RN R (kg/nt) H RN R (kg/nf)

$20X EF, ARYKEAE, TREXI DI ETOLVBEICSIEFTHE.
A TBEXREITOAD-LE, B 7OIEY U CKERASE, C: D-DFIBASE.
O EMEEBX EZRBERAK (Co, M1.5, M3, M5), []: /\—7H#AEEARK (B1.5, B3, B5),
A HIEEKKX (FO, F1.5, F3), @ : W{EFX (R).
PEAMHPSRAF 21T MELEERZAVWERIEEZZHEL, GEROE, HFR-RIEEED
B S CRUE. "31% KETHEE.

20
A (1981~19904F) s

18}
R —
= 16
Q 14 F
A
N 12 F

10 Il Il Il Il J

0 1 2 3 4 5
AW £ (kg/nf)
2 20
B (1991~19934) C (1994~1995%%)

18}
S 2
= 16 =
N
N 14 F %
o N
Nogp i

10 Il Il Il Il J

0 1 2 3 4 5 0 1 2 3 4 5
AT (kg/nd) H i & (kg/nd)

F24x EE, FHEDRAE, ITBEXRS T HIEOT T MICEXIFIHE.
A TEBIEXRZIThbEDL>/F, B: 7OIEYZ Y A%, C: D-DEERHAE.
O EEMBR & EREREREK (Co, M1.5, M3, M5), [1:/\—7H#BEAK (B1.5, B3, B5),
A TiEERRX (FO, F1.5, F3), @ : #®{EX (R).
SEAHDPERAF1—T > MELEEREZAVW ERIEEZ2EEL, BEROE, HEX-RNMEEED
% SBTRUE. "M31% KETEE.
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FEAEHEE L ho72(B)A, zualvesy vk
Fr TN EEBME L@ H-72(C)s L
L, MEoZ/REEEH L2 v s ) Vi
X, M Z R 5 &, BHE ZwIEE, 7
TV 7 ) Y ORBIINE L B BEIND D - 72

INEKEZTH L EVHE, 7 7 lioHER
ZE22KNIR L7z WlEX OfElL, FRBRBHIREEET
HH19804F &, WEETH 51993427 >~ 7 Ailihs
EWEZ R L2 DAY, BRICK & B BNIR S 2 do
720 LW EoMEMENBX OB, 77 v IE
EDRRKELWI LI, TR, T 7 i
DOFFIL, FEALDEETIN D L %72,
ya)erz )y, DDHOWTNEH L2561
b, P EOIBEIIBMT 2 EZR LA, 7
¥ T TR Z OBIEERD b N h o7z,

AR, AMPRHHE, HEEES Wb E T
BZB XIFTREDL, T VIE & UAEREC
ST TTIRNT L72s 1 b B CTUE19934E DLy (A & B)
WFEPAERELERY, Zhoois, LudHEE
AR IX CH B L7 (BB23K) . £72, kEw
DEIIAEW A Skg/ il LI T4 2 212& -
T, WEX EAEEN R D ETHIE Lz, T
JEADORITIEFNC L > THRERY, zurery v
Wi L7234 (B) O Fwv  \IZIRIEX & 0 @il
R L7A, DDAZHH L7254 (C), FwhE
DOWEIMEIHBE T R A - 720

7 T ATl IEIEAA B AR LA (A) DA T F il
MWHBEE %o 72 (524K) . THEAEFIG LT (A) O
7T i, BRI CRIER XD b AR
MU7z%%, ARWEHEORICE b %o TR T
DA %R LT zo BN — 2 HER 5 kg/ nd i X 0
7T A, WEX L) BRI L, 1R
HEATHIEEB, CO) TR FHIFARETIEZD >
2o Ty UAlIIZZELE YY) v DD HIOWTHR
OTEEAANC L > TH, WATHMAERL 7,

(2) TiERER

VXHTAETIE, V¥ TAEVA MY F 2y
(Globodera rostochiensis) (%, 2009) %, BLEFEMH
SR EEY, AENY Yy A TOmEZET
5L (IR - B, 1983 5 KEF - i H,
1994 ; HH, 2000) 2SEE 2 THIHERTH 5, H
VERBR CILRABE T 0 5 2 ) PIRDFE L7228, &
CF AT OWEIR SN o T F ) DIRORE

0 o
A o o
il © oo
el 5 © 5 0 A
= °foong 2 8
i °©f 4 %
k¥ ) 5 0o o e @ g a
[ J b a ®
o o0
o © [ ]
0 Lo . *—
1980 1985 1990 1995
AR
° B
4 F sa)v D-D
4%( =78/
i 3 S <
=
el
e
AN
0 . .
1980 1985 1990 1995
RS
F25R T aHAEE D PROBRIZEEDH .
AlTLHRROHERERL .
O EMEEBRX & EREBREAKX (Co, M1.5, M3,

M5),
O "= H#pEEAKX (B1.5, B3, B5),
A TIEERRX (FO, F1.5, F3), @ : #®{EX (R).
B IHEEXEEX (CO), TEEERK (FO), #W{EX (R)
DEERL 7=

BEIZOWT, @B OO (25 A), B
L O, BfEX (R), BAERIRIX (CO), TR X (FO)
DEDOHER (55251 B) 7R L7z 2 9 2R O R fe
BEL, 19914E IR 3 B @258 - 72 (A) o TSR
BEILEEX TR o 7225, Z7av¥ 2 1) % DD
AL - T, BHEBRESKELWPLTHI LTS
2o 72(B)o

AR, ERWINE, LIRS D DRI
B XITTEEY, 77 R L RBOEREIS
TGRS L7z (BE260) o 3L B IS ARG (A) D &
WFMEAEZEE Y, WEXICR L, e X
DREFAREEDPFEICT L o Tze AWM X -
TH RIS 2 @0 25H - 7275, R
S5kg/ X, 2¥— 27 #HEAB1.5kg/ nd fiti ] X T,
LD EX E AN B EFTIKTF L7z,
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5 -
A (1986~19904F) **
AT
&ﬁ
' 3
53
)
A
AN
o b
G
0 1 2 3 4 5
F g R (kg/nd)
5
B (1991~19934F)
8y 4
g(H_-t
' 3
B
£ 2
R
AN
W

0 1 2 3 4 5

AR (kg/nd)

C (1994~19954F)

EODI I R

0 1 2 3 4 5
A it (kg/nd)

26 EME, ARYKAE, TRERS TV v AMEEIPROBREEICSIEFTHE.
A TBEXREIThAD,-LE, B: V7OINEY U RS, C: D-DFIBASE.
O EMEEBX E ZRBERAK (Co, M1.5, M3, M5), []: /\—7H#EEARK (B1.5, B3, B5),

A HIEIEKKX (FO, F1.5, F3), @ : W{EFX (R).

PEAMHPSAF 1T MELABEZAVERIEEEZEZEEL, REXOE HFX-RIMEEED

Bz R CTRUE. "31% KETHEE.

yua)v¥r Y YEHAERE (B), D-D A4 E (C)
TFAHIZAEZEICR S Rh o728, FmFLRE s
ARPHHIC L > THmT 2z RL7-28, %
AR EZ Skg/ M EFTHMSELLZ LITL-
T, DZ2 o THRMBEI AT 2EmE R LA L
(&, T DT (A) LR TH o 7z, THEEZEH]
TiE, 7uVEZ Y VIERWREICEEEY, DD
FNE SRR AR BE 2 3N & & B 1A &2 oR L7z,

4) 4 X

(1) IRE

WEX D7 4 ZILE, W EFETDH 519834 (4
PEEB, 1984), 19934F (#H, 1994) 12F LA L
7275, FRUSOEE T, SWlEX & HEVEX AR L
AT RELLBLTH I L3 Do 72 (527K
Ao F72, ¥4 XV A by F oyt
»5[ILRA] »OEIERETH L [ P I LA R
NOMEZEEIZ L 2B MED RO LN Lo
720 WX IR X O IR EZ19824E F TIX100% ML LT
HERE L7278, 19834E ~ 19854E 1250 % R FE & TR

L, TO®REIE L7728, 198947 & FO70% FLEE %
T L7z (5527 B) o 7272, 19834E DIEEGHA 12
1, WEIEE LR D o7z AL
DDAl ZMH L7z, TdeR |, Thaazxx] &
b AR X TR L /2.

WA, AMWRH, THERD YA AOIEICE
ST BIL, AR HRX T L I L 72198445
~ 19854F (A : W EEDIISEIX BRI L 72), WX
AR IR X 1 7219864F ~ 19884 (B), LR ] 12
D-D #l & i L 7219904 ~ 19914 (C), [ F I AR
A |12 D-D #l & B L 7219924E ~ 19954 (D : &
EDI199EILERAL L 72) 12D W THRGET L 72 (5528) 6
ek, AR X OREA100% L ETH - 721981
A~ 19824 1 X WRET 2 & BRAE L 720 19844F ~ 19854F
(A), 19864F ~ 19884 (B), 19904F ~ 19914 (C) T
FEDSH R L 2o 7278, @it B IX o G 251X
) AHEIZRA L2 0131984 ~ 19854E (A) DA T
Z@Of:o

WUEE, EREIRG R & % - TN 518
A5 - 7275, 19864E ~ 19884F 1%, ZRIEALIZ X
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400 o
Bl TA=] ra 22 A
300 |
=
200 }
i
=
100
0 L Il J
1980 1985 1990 1995
T
i D-D
150 o
= W
ﬁ HOTH 41 XDINEDHF.
50 A IFERIER O
@ EEDE, O WEXIMEEX EHEEL -F.
B IFE{EX DEICXT T 285
0 O @ E{EXEBR (CO) +BfER (R) X100
1980 1985 1990 19 A HEHERK (FO) + BTEE (R) X 100.
R
100 -A (1984~19854) ** 400 -B (1986~19884) *
300 b 300 b
£ €
= 200 B 900
i) g
= =
100 100 }
O Il Il Il Il ] O 'l Il Il Il I
0 1 2 3 4 5 0 1 2 3 4 5
e & (kg/nd) R e & (kg/ni)
10T ¢ (1990~19914) ** 190 T b (1992, 1994~19954)
300 300 F
200 200
i i
= =
100 b 100 b
0 Il Il Il Il ] 0 'l Il Il Il I
0 1 P 3 4 5 0 1 2 3 4 5
e 2 (kg/nt) e & (kg/nt)
Fo8R EME, AEMEAE, TRMEXRS YA TIOREICEKLIFTHE.

27

A DEEVIEIORINE, B:mIEESE, C:[dtRE] + D-DFMAE, D:[FILXX] + D-DHIEAE.
O EEMBER & EREREREK (Co, M1.5, M3, M5), [1:/\—7H#EEAK (B1.5, B3, B5),

A +EERKX (FO, F1.5, F3), @ : B®{EX (R).
PEAMHPEXF2—T> MELEEHZAVWAERIEREZERL, BREROE, HIEX-—RINEEED

Bz =R CRUE.

1% KE, TIE5%KETHE.
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BEED DT 072 o72(B)o DD AN LA B
GAZRRX | OWTFROMEICH LT, %38
SR DY, AREWHEHZH LT HigE
EOPRIIZOFEFRDOENZ(C, D)o [ NI LA
A2 % DD A ORI RIIAETIE R Do 7295,
AL B | ik, T3z + AR X o IUE 23
FEX & ) mw iz R L7z,

A SR & LTS 72 ) fid, BRE O
AT o 7228, R LAY 72 ) R IEIZE U2
BrERL, BHEOLEHIDbTIE o720, F—
FIIIRE Lo T2,

(2) TiERESR
A XTI, AN CREMRETE % &0 TR E
DEREE TS (PP)I] - B, 1995 5 ¥ 5, 1999)

400 r

A O
. JERA PN
§§3oo ®
c |,
Z200 | A °
A [ ]
i o R
i O
%100 i # o ° o,
[} o B
3,°°% gHglp
o 88 ]
1980 1985 1990 1995
T
400
B
1300 D-D
e <« >
o0
(e
2200
i
#100
m
0 : ¢
1980 1985 1990 1995
TR
FOR A ABEHHDI A XL X b F a1 H

EDHTE .
AlZLHRBRRDEERL .
O EMEMEBEX & EFEE/KAKX (Co, M1.5, M3,
M5),
() N— o H#BEfEARK (B1.5, B3, B5),
A +EERKX (FO, F1.5, F3), @ : B®{EX (R).
B IE/EXEBX (CO), LIEERK (FO), #HEX (R)
DEERL 7=

A, dbiEECHIEE 25 DIIFEICFA AT A MY
F a2 TH5DH(—)H, 1995a; B, 1969), ¥ 1 X
VAN YFaTZ A R E30%REERINS TS S
&A% % (DONALD etal, 2006)o ¥4 AT A bt
F 27 OINEEIZONT, ERBXOMEOHER (5
29I A), B, WIEX(R), #HEXKH(CO),
T3 X (FO) o o HE# (529K B) % 7Rk L 72,
TAZXYA MY F 2 7B EIZFEEICL > TRE
CEBL, WEETH > 7219834 Il Z /R L 72
(A)o WfEX & HIEFIRIX 2 i3 5 &, #E
X DI EEIZ1987AE LA Wi 2 7R L 72 (B) o T

400
A (1982~19844F)
§3w
o0
S
(]
= 200
=
£ 100
=
0
0 1 2 3 4 5
R it A (kg/nt)
400 p .
B (1988~19894F)
1 300 F
ﬁ
JeTy}
(e}
gzm-
_@( [ B R R R ]
E 100 F
=
0 A!.* \a; ';ﬂ
0 1 2 3 4 5

AR i (kg/nf)

F30X EME, FHEMRAE, TIBERS S 1 RO

FAX AN FaMBEICELITTEHE.

A DEER OB E D %O (S EED19834E (3

41,

BIDEEXDODMBES D EVEITOD, £EZRE

E LR tER .

O EMEMEBRX & EREREAKX (Co, M1.5, M3,
M5),

(l:N— 7 HERKEAX (B1.5, B3, B5), @:&#{EKX (R),

A HIEERAIER A LIFT 0D L 188K X (FO, F1.5,
F3).

“135% KETHE.

BEX, WEX-—RIVEEEZSETCRUE.
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BpRAR X O PIE N, IR AR B A AR I3 H et R
X EAFIZFAEETDH - 7275, D-D H &t L 7219904F
~ 19914E121E, IIBEIXIFE A EHEE 725 72,
AR, ERWIRHE, TIEEENSA XA MLy
F a7 PIBEICE KT TR, IR ELSE VIR
TRIMX D 7% o 7219824F ~ 19844F (5530 A),
PRBEEAMRT L, Ao LRI % LGS 5 LAt o
19884F ~ 19894F ( £530X B) 122 W TH A L 726
19824F ~ 19844F (A) IZEE M AR E Do 12729
2, FRHEAZEL 25T, Wik & X o
BRI R & 2 HBEIZRD SN b o 720 AW
I X DINEEA~DOREIE, —EDMEEIZFED 5
N7 droTz. 19884E~ 19894E(B) ® F i IZ A & &
RV, F7z, EWEX XD DR X O IR EE A
Wl &R L7278, BRI & EEIRIX 02 I3 BT
7otz HERAL WEX & AR X O
RO S 7z2%, xR X & AR X oM
ZIFEAEEDS RD o7,

5) 7X%x

(1) IX&g

T AFDOEIEX ORI, 54 X & HREREIC
Ko TRESEBL, FRICHFED19834E TER,
1984), 19934F (#H, 1994) I2F LA L7z L
2L, WEX &HVEX ASBERE U 72 4R BV R IS
FELWZ L3 heh o7z (31 A) . &8, 198341
WEREZTb R b o7 BERX OB, 7
YA OYE L FRBRIZ, WIZ50%RE F TRA L7
(%31 B), HIEMAX OIBRIZ, F I R HEX
X0 HEL Y, 19924F, 199341212200 ~ 400 %
FTHImL 726

AR, AREWRH, TIEAST AFOIEICE
ST RBE, [RAE] 2454 L 7219814E~ 1989
E(A), T5/NE ] 12 D-D# % i L 7219904F ~
19914¢ (B), ko [=) €2 3% X ] 1ZD-D #l
it L 7219924F ~ 19954F (C © ¥ 4E D 19934F 1%
BRAh L7212 TG L 72 (BB32M0) . Wi ol
HEILFEAEEE R, [ZVEY 37 X
(C) TRIRIEEEDPKE P o 72720, fEX L
TERRIX DZEIZH IR S e h otz [F/AE ]
ONCEE, HEEFIRX CTREX L ) AR L,
ARMEIHALTH, WIEX XY ARICEWED F
FTho7/z(A Bo LAL, DDAITHIEMEAET
HZET [EANE] TZ)EYayX] OPEITH
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@woxvp
i
2100 |
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FE

31X T XAXINBOH .
A ZEHERDMEZRL .
@ FEENE, O: HIEXHIEER EBELE.
B I3EHERDMEICK T 2B ERL .
O : EEXEBEK (CO0) +#{ERX (R) X100,
A HIBEREX (FO) ~#{EX (R) X 100.

MU, WlEX & FBEADP R VEZ THE L 2. &b,
[ZVEY a7 X] ©DDARHXOIE, Wk
XLD@Emwiizmnrlrz, ¥/, 7XAFTH, EIZ
MRS 72 D RO A & BEHIBR L Tz, 1L
EEREZ OB T b o 72,

(2) TERESR

HAET X3 TREREMRPHEL 25 (HH 5,
1976 ; L&, 1983) 2%, Z 0¥ E X% EH W
(Cepharosporium gregatum) O & TIXFERM V7 <,
FAXVA MY F2aoRFFIETH L F oy
(Pratylenchus penetrans) SAEAE T % A (S ENE
L< % h (MR - /K, 1984 5 IHH 5, 2005). AHF
FCTIIEIDROBREEITRAE L 2 h o 7228, #E
RER D AR BN E TR IE L T 5 2 & (B -
A1, 1989), FABRIIM % 3 L CIEIER OO —
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300 p
A (1981~19894F) **
250 p
g\g 200
BB BT S
W e
50
0 .
0 1 2 3 4 5
ARt B (kg/nd)
300 A 300 ¢ C (1992, 1994~1995%F)
B (1990~19914F) **
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N/E\ 200 % 200
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gﬂﬁ 100 @ 100
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0 1 0 1
0 1 2 3 4 5 0 1 2 3 4 5
A A (kg/nd) ARt B (kg/n?)
F2X EME, FRUEAE, TEERISITAXOREICHLIFTHE.
A [ENE]ICXBEEXRZLUED>E, B: [E/MNE]+D-DEEAE, C: [TUEa X+ D-DEIEAE.
O EEWRBREX & EREREAK (Co, M1.5, M3, M5), []:/\—7H#iEmARK (B1.5, B3, B5),
A TIEERRX (FO, F1.5, F3), @ : H®{EX (R).
DRI EXAF1—FT > MELEERZAVW E-R/IMNEEZZEE L, BIEROE, HEXR—RNMNEEEDEER
HBETRUE. "I31% KETHE.
DOTHLEFT RO (TH, 1982) il b7z
400 19901991 % LS, MBI 2 L CHERIIEELTw
T2 EZ NI, FBEROBEIZLELRL Y F 2
o 300 IZ2oWTIE, ¥4 AV A M v F oy PIsEE 41990
7 E~1OUEICHE LA ¥4 AV A MY Fay
g 200 F PR, IO 57 4 X Os b AR %
4;\; """"""""""""""""""""""""" RLU72(533K), FHMIZAETH - 7275 WlEX &
& 100 MOREBRX & DFERATRD LNT, AEAEI
=
THEAE I X & N— 7 U 3 kg/ mifii X DRI D
0 & A SN,
B R (/o) )
#33E i, AEMGAE, LEEERS T XEHHRO 6) FEHILY
HAX AN F2MBEICELITTEHE. (1) =
O EMEMBR & ERERMBAK (Co, M1.5, M3, WEROBEH/ I LA FOEIL, ERGSHE (e
M5) =1H O .
’ RIS H [NV y S| NOEHIZE
[]: N— 7 #RRAK (B1.5, B3, BS), f Jﬁmb %Liijj ;@LHE”“%EE 5J , 2;??7 ) %),
A HIEIEEK (FO, F1.5, F3), @ : &{EX (R). €0 TRMLICA, 2bERm o g/ m g/ m

PEAEITY, AFa1—FT > MELZEEZRAV

ERIEBEERAELL.

“I35% KETHE.

BIFEOME, WIFK+BIEBEDEE SRTRL

7.

NOBINT &b % ) ZALIIWIE CTld 2o 72 (5534
A)o WHEETH 519834, 1993412, FHISHIE
TAFHPRINS 2 Z &3 7% <, EEX &R A5
I B EEITEREXOWNEIRESSETTE22 LD
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BE3E HFEILXIREOHFE .
A IZEREXDEZERL 1.

@ EENFE, O: WMIERIMEFREBHEL 25F .

B 3EEXDIEICK § 288 & RL /- .
O 1 EFXERK (CO) + & fEX (R) X100,
A HIBERIK (FO) + & fEX (R) X 100.

400
B (1987~19894F) **
300 F
g\é
200
il
=
100 |
0 A
0 1 2 3 4 5
Wit (kg/nf)
400
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N’E‘
3 200 1
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= 100
0
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AR N A (kg/nt)

EIE EE, FRYEAE TEERIBFRILTORNEICHIEFTEE.

A:[/NJvehy ] @E, B: [/Jbagh] #HE, C:[/JLagAh] +70)LES Y D EIFERE,
D:[/vJva%#h] + D-DEERAE.
O EEMBEX & ERERBAKX (Co, M1.5, M3, M5), [1:/\—7HBBEARX (B1.5, B3, B5),

A : +IEEXKX (FO, F1.5, F3), @ : H{EX (R).

PEAMLSZAF 1T MELABEZ AV AERIEEEZEZEEL, RIEXOE HEFR-RIMEEED
Bx =R TRUE. "M 1% KE “(35% KETHE.
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otz BB RIXOBKIE, [Hhves) ] %
PR L 7219844F ~ 19854F: 1250 % ¥ < F T4 L 72
A, Z NSO EEDIRHUL80 % FLEE T H - 72 (55
34X B) o A X OB A EMER IRX OB &
RELELRDZLWERL, 7uv¥s )y, DDA
2 X BILEDORNNIFED SN h o 72,

AR, EREWIRH, TIEEANERE T A FOIGE
WL, [ ve ) ] 24t L 7219814E
~1986%E(A), [/ Vv % 7] 128#%5g/ iz it
L 7219874F ~ 19894FE (B), [NV ¥y 7] \ZHHET
o/ mMAEMML, 7aV¥ sy v &L 7219914
~ 19934 (C), [V ] 128#FE 7 g/ ni%z filt
L, D-D #I% Jiti/Hl L 7219944 ~ 19954E (D) 12451 T
Wit L7z (835K, [NV h ] &4tk L 721987
HE~19894E(B), [Ny Aa ] izrzanvry
Z i L 7219914~ 19934 (O) IC F I3 & L % -
720 MAERHR X QIR DSTAEX & O A B L7
DIZ19874E~ 19894E (B) DA TH - 7295, Z DI
ZAEREW 5 kg/ mifiHIC & - T, BfEXIEICEE L
720 WEEDSHAEIZ X > THA L, HHRUIHICE >
THIMT 2@, MOEEICBNTHRBETH -
720 BIETAXF T IBEEORFITED LT,
ya¥z1) v (C), DDHID) &b, PEIZHE
Lk oz, HHILFTY, WNEHREZED T —
FIIRE o T2,

(2) £BRESR

TIAFTIE, VMRS EELZ TERETH D
(Cook, 2003 : & & - ¥R, 1981) 2%, JbipiEZz &
HAJLEROREE iy Tld, G2 2 FOFHEHK L M
B 72 B (i AL W RSB YS, 1981) . AR
BB X2 L 72720, FEHIEMELS
B Shholzd, zav¥ s ViH 2RI L7z
19914E > LHHEAR XIS, VARATA R v MRICHEA
L7z

VAFIZ N R 2 AFOEERETH ),
DVMZERITIEND T2 L, PN FREIR
WMOBERZEDREIL, FLWIENED LTI L
M5 (KM, 1983). SEMEOEIEIZL Y, Ak
WITFERL (FE-FEK, 1981), 20K E LT,
# W W (NARITA and Suzuki, 1991 ; SIMON, 1989),
# B (CHAPO et al, 2002 ; LU et al, 2009 ; RYDER
et al, 1999) %2 EAHME SN TV 5, VAR EEB
SO EW % 1 MERHT 35, &5 \Vvid iz
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5
%
&
®
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ARl A (kg/nd)

F3I6X EE, AEYRAE TBEXRISEEREILTH

X EOIMARIMESIC KT THE.

O EENER EEREEEREAKX (Co, M1.5, M3,
M5),

O] N—2HEEARK (B1.5, B3, B5),

A HEEERX (FO, F1.5, F3), @ : B®{EX (R).

DEDREITY, AFa—T7 > MELU ESEBEZRAV

FRINEEEEEHLE. YR % KETHE.

MIEXOE, HER+RINVEEEDEZ SETRL

7=

352 & THET S (Cook 2003) .

19914 S BT 2 VAR FE AN TR AR LB 0 5 28
WEZONT720, 1914EOEFERE T 2 Fifh T
SERIRPIIEE 2 RS L 72 (BB361K) o & D43 BT T
WFEIIARE 2D, VAREREREL WEX
X0 A + ZREN 3 kg/ nifiti X (F3) TH
BATHIN U 720 SEARIR FER PR T 0 B X C R
L, AEWIEHX TR T 280535 > 7255, Th
SOEBIAETIE R -7,

4. B

1) 794

T A, EE ARWREE, AL
THRDPRE CER L 72720, HWMBLO R E)
THOIHELIEmEEZ N, 22TIE, T
YA OFERIIT HENE, AW, TR
DY, WAEOME, BURBRERAEE, RS
EOMBRPLEE L, T2, ENOOEL LRI,
7 A OFENEREEDH I ONWTHEE L7,

(1) EfFDE

AR & 27 4 4 OWIREEX10% Ok - K
PR, 1967 5 BEAY, 1997) ~20% (JeifiE vzt i
BBy, 1981 : B, 1972) R L S Tw %,
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AR X BPINAERE 1L, ED X ) B TERERNE
DL TRRLEEZOND DS, HAEAER
BT ZWIEMEOHE LD b F Lol E 72,
HAEIC X B E, A28 L Ti3iE—

TH-o7,

7 V¥ A 0)1%1’15!:“( i’l‘Eﬁ%Jﬁi?ﬁ‘ sHEL72b 00,
HAE124E H (19914F) I3 oh e d ko
72 *E%%?W%V\"Lf:.i%f X, EEOMEEIZE D
oo THFBEMET§ 2 [ERIHZ | DL
b2 b (ENT, 1983)7280, ZAVIHUEHK O
BERLZ RSN, WIBWHBEHRAEDOE T
Rhizoctonia solani D WL DM AZE & L THLEL
BB L %5 (AW - 529, 1982a; WEL,
1983) A%, FBIKFICIE, EFRBEID %% (A
My - 529F, 1982b).

Z DO BLGL Trichoderma J& W, Psuedomonas J& #
(V% 3%, 1998) X Verticillium J& W (211 &, 2001) 7
EIBBEYORBEEEZ LN TS, Ty AR
R OFHRBIRIT 1 ~ 24 THES 5 (T, 1983)
A3, Al FERBIRIEA R < &b 4 Rk L 720
F72, BEREEDIE T - 7219914 1 IEEER X O
BEorbEIML, C oL OB HERIE O L
i & 22D LR A B B W REMEASE 2 H 7z,

RRLES 5 25 %5 3B 9 % DLHT ©19854F ~ 19904 12
BUS RN EE SR A R M Z R L, BNk
FEDST T SRR L7z (537 7200, B IR
EHEET VA OWINERDO—2 L EZ bz, L
ML, PR ERLZ191FEDRETY, #EET >~
FATZF LWL 72720, #IET ¥ A4 ORI

1500 p

1985~ 19904
1000 33,
3=
~ A
3/0 IE % *
i it o ° y = -173.7x + 722.2
2500k W o« Y =541
oo L N
<
o
0 L L L L J
0 1 2 3 4 5
MRS T R

BITR T Y A DIRER Efﬁﬁfs‘f HEEDRR .

20
<>:1985%, [1:1986%F, A :1987%F, O:1988%F

& : 19895, M : 1990% .
I %KETHE.

ISR DANDOER G- Lz E 2 b7,

(2) ERYBRADTE

A OMWEICL X 50%, —IAHEDIZ
OtgEESZ2EASELHEARS, 1971 kB,
1982 ; K45, 2001 ; A& - #riH, 1987a; #H 5,
1997ab : £ H, 1999 1 AAKS, 1993 : KE S,
1979 fEH 5, 2002) 7217 T4 <, @4 - i
AP S EET A ORI - HH, 1987b, 1988 ;
FH S, 1997ab 5 #HrH - £, 1989 5 FHH - B
1962) . F 72, OFEMOBRITHER L (A - HrH,
1987a, 1988 ; HiHl - KA1, 1989), @IUE % #ijn &
5 (WAL, 19715 AT - BiH, 1987a 5 KA,
1973). S 512, ®THgERmRE (RO - HrH, 1988 #
H -8 01, 1989: FEM, 1992) %+t v F 2 (OKa,
2010 5 BB 5, 2002) OFBEICRIREN AL H 5,

o9 b, QORI VB &SR
RIZE B, AW ZRHL725ETY, BERICX
5 BRI O, EWIC X B85 W EI2 XD,
DL HIERGEEIC RS LIRS v, L
L, AWz EH Lca, HEICESPERIN
5 (FEAS, 19714811, 1982: H%, 2001:41H S,
1997ab : B3 5, 1999 : AAKS, 1993 ; K 5,
1979 ; fEH S, 2002), 72, @~@Oo®EE, @©
~@OMFER, FEHRWHI O OFRNVE VAR E
P, 1987a) ik beEZON5, ®ORFEL
LTl CNEOBERWAEERWICEETNET v E=
TOME, FFUEEGATERMICE D XTF—
VIEEORM, AR OMEHIE b o> TN %
BB osh Db #HE SN Tw 5 (BAILY and
LAZAROVITS, 2003 ; OkA, 2010).

AR O C/N HA10 ~ 20/ EThH X, 4F
120 ~ 60% ODEF LT 2 GEH S, 1985) 728
iﬁﬁ%f%ﬁttﬁ%%iﬁ%#k%%%ﬁﬁ?

BEMEEZ SNz, HIERBRO ARG T1
BARGPHIML -2 L GEIIK~13K) 1%, RO
ORMFEEZ SN, BRI 22 & (BE15K) X
@ORBEEEZ SN2 7272, AT X THIE
RS T L2 L 38 2T EEIXN), Go%)
RIEIARWBETH > 720 AWK L 2O0R)H &
@OOMEORE R 5720, RERIX 312 i
G llaE L7219934E12, 83K, U VR, 1) T AR
FE L fEE O BIR & MET L 72 (55381X) o 7235, 19934
EERAE 1445 H, N— 7 RO 134 H 12
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O EMEWRBEX &EEREREAK (CO, M1.5, M3, M5), [: /N\—7H#EmAKX (B1.5, B3, B5),

A +EERKX (FO, F1.5 F3), @ : &W{EX(R).

BIRE DD P RIVIGEESRM, BHREOD DRIVEEERE. "3 1%, "135% KETHELHEEETY .

Hl2bo

19934F D&, V) Y EROWREE LAERIE, HEICX
% WILATRRD & N7z e X & A AP X (O,
C1DUT, #E St & 35) CTHREZIEOMBEZRL,
AR X 2 ISR & e 2o 72 EIX & 3
AZouanversy vl X (@, a: LT, WiES
T 5)TOAERIEOMBZRLZ. T4bb,
S L SR L VD oD 7V —TDAETE L
72b0?m, 19934121, HEOER, V) VEREED
Wl R EWEER L H ) T AREE
HECTHARGHBARZEL N o200, FH
FOBRATRD S, WlESM & SVt o MHEIX
HHLOD, THEGPEERIIET A 1T
T L), BEOHE (WA S 1989) & kDM
MIASFAD BTz,

AR CHIH LA mIEER, Vo 2y
T AEELD, WINOEGHT V[ BERICK
ELEBLEPIAHTH /20 TNHDOEFDH
L, ) VEE, A AR ISR SN DAY, MR
BER (T V27, WMBRESEHRL L) T TECR
Fashz LB 2w0ld, 1981), 7 v E=TH
SRIFIHBICBRRFEINL D, MRETIE, 7TrE=

TRERFT IR X o THMRRER I L L
(I, 1981), BEMICX > THRTELR T b, —
F, WMEREECHEZRT N < ZA8HE G
H 5, 1997a; PR, 1986 : ¥A - K, 1993) 1,
WA DPREET 2 - 0RCSEOREITZ I L,
RO T AN F =L % b FEVPRIEIN TS
Ry, TSRS D L E 2 N5, ARG
X, BRETFTEL, RELBIGT L7720, N1 F
NABERME S L L E L OND, B, A
WIFECla/N A 4~ R & H & B WHB & 7R 3 2ok
BREWE L7, BFRREITHBREEICE bR
THML7Z2b DD, Moz L x5s Lok
bEPTHo7z (L1, bbb, TEIRES
NAH)VEE, AV AREERLRD, @ERITIIEIC
BREES UK WESTH S EEZ DN,

T VA OAFRIGTIEERBIERIC X > TEE
ENb(WES, 1982a) 729, 104E DL A B % 5
A L7219934E 1BV Cld, ARWIHIC X > TN g
FRAGEIMEML, TR E o TT AN
B L 72T etk 2s% 2 Bz,
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(3) TEEEOZE
HWAEREDJRK & 72 5 THAEY OB, 13
JE DS — M 9 S T & 72 (GULLINO et al,
2002 ; KAk, 1983)c D-D#HlZE ¥ F 27 (fEH 5,
1953 ; B - 7%, 1963) IC& R H Y, z ¥
) HIEREROMARIER T2 2 HIN L
L (39, 1980), 3895 (GULLINO etal, 2002) 12
WIRD D B o TIEZEANIHEE D 2 W, SRIR
W, TS SRS % (KB 5, 1983 ¢ KLOSE et al,
2006 ; /NEF - RHE, 1993), F 7z, HIBEEFROMEE
1t % e L (DE NEVE, 2004 : JIEE S 1985), 4E+%
L3 Nn7:7 v E= 7T RREBFOMBRILIL % #H§ 5
(AR - g, 1982 ; DE NEVE, 2004 ; /NEF - &8
1993) 7%, TIEFOMERBEZ L EFITT 5,

Z7uan¥z) &M L 7219914 ~ 199341213,
T X O P RATEEX IR 0 L 7228, D-D Al
2 it L 7219944F ~ 19954 IR LB e B2 o
720 TOZODOFEHNT—MHDORIRE, MEH & &1
L TIZIZFEBOR R Z RS (RIS, 1983) 4%, 7
TV 7 ) 3 hEERE, DD AN v F a7 Ik
M3 2HEHTH B0, #ET L1470
VEZ Y YOMBIL, ErFaye—FkoEw T
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F <, BEWEICERT A L TR R
MED o720

19934 » +-He 45 & i O IR (55381K) T, +
AR LHER ICIEOMBERA LN b 0D, T
FRIZEVESAT: & WS TR o 720 TalEdett,
Estrossk, V) v, ThENEERIE
OB ZR L7278, TIE#GHFE CETH L, W
e ORISR L Y BWiliz R L2, 2h
LT &R, TUTAFEEICI ST, BRI
B & DTG HT 5 H o> THRERIHIMTE &
K BBZE, SVHZ DB EEBIVTTITH- TOHH
WCTE B BT LaRET 5, KALR(1976) 1,
IhEFBEOBGEEREL, TOHRKE LT, Ot
B E U X 2 2N OB, QeI & 5 i
BOHOHMEZE HIFTW5BH, L L, BIERERTIE,
FAEIZ X AIIASZ BV E 7Y Y DORIZ L - T lalE
ENTz7-0, LAY, BEo ey Fau Ttk
CHERRERIC X o TF v ¥ 4 OGN AME T
L72bDEEZ N7z, 1994412, D-D #IhiH X o
o MR OBRY, WIEX LD b, #ERAEOR
BRIX LR WBIfRZ /R L2 GE3I) 2 L b, DLho%
BreEMNTLEEZ LN,
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FE FToUHSHMEREOERA), U B), HUTLEE (C) LHEEDRE (1994%F).
O EMENRBR & EREEHEAK (Co, M1.5, M3, M5), []:/N\—7H#EEAK (B1.5, B3, B5),

A TEERKX (FO, F1.5 F3), @ : ®W{EX (R).

HIRE DY P RIVISEESME, BREOY D RIVIEERERE. "35% KETHELHEBERT .
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T VA BRI S HIEEAORENL, 71
WVE 7 ) R IR SR LT w720,
Mt C& Rdolze 727, TEEERZ 7L E S
) V55 DD AINETE L7z 2455019954512, 1
FEZE + AU 3 kg/ nd fiti X CHUEE IR 2556 L 72
5, D-DANIHRIEIRICRIRZ RS ozl
EZObNTze T72, BURWRAEHIE L 20h, T
KElTolXOARE S22 LR, zuver) v,
H BT DD AN X B HEEAED, REHERD
JRIK & 70 B TEEMA A RW L7722 L 2RI L7,

(4) EEICELZRBNOER

HWAERERCIE, BET U A IR E RIRL, £
DJEHE & UTAMER (BZ 6 < THERE) 3% 2
Shze LA L, WREW (Rhizoctonia solani AG-2-2)
PEHR LN & 7 9 A 13RI L, 5,
TEHEZEIC L > TEORPIRD SN ko Tziz
B, BEHLANS, BRI X 2N E T &S 34
WERDPETET B L EZ bz,

Ty A OMEREORRKIE JLR T
Aphanomyces cochlioides \Z & % Wi Vi AHK, w5 Tl
Rhizoctonia solani \Z X Z B & 2T 5 (H,
1983) o Aphanomyces J& W @ 9 &, A. cochlioides 13
ELRHEE CHV A RO & 22 57203 T% <, i
FHCTEBROREKE Y, ThUNDEEIZD,
FARICEHELTT v A OINEAIT 85 (K,
1994) o FAET >4 A OAEFIHNZIZL, A cochlioides
ABIG-9 B REVEA S B (BLIL, 1972 5 3K, 1994)
W, 7 BV ) IR R O ARV S 5 (3
I, 1980) 728, JRNLF-25I AR T % Aphanomyces
R (JE%, 1998) 2SHAEIZ X 2NN TH 5 7%
51X, #EEICX BN DDAITIEZRL, 7L
B2 ) VIl o TRESNIZZZ EZHPILR T v,

B, HIET A ORI BT 5 AW ER
LT, M RIRE A O Z BT (R T - 3,
1987ab, 1988 : HrHl - #A[1, 1989) b iy S Tw»
B0, A, ZORICOVWTHRETAILIZTER
"o 72.

2) Vv HAE

VX HAEDLVHE, Fr7 AL, #E A
Wi, TEEZREEINCD, T 7 UE
EENSOMBIZKE LB EZ T b ol Vv
HAETDT V7w, @ % 14g/ ol B2 it

L72Ba I Cmmil e b, TRl EgERZH LT
b, T T OB E Y LT LB S &1
BRS 3 (R, 1969), & 5 FEED EoYESEM: T,
WERE 7V T HCIZEOHEDNDH 5 (i - &
M, 1980), MHEERERT D, PEEAEEER (v HE,
7T ) OREEHICE T, FY T UNED
BEDID TN o 2D E 2 b7, 2 2T,
F U A OYED XD I B EEIIITD
5, WEHREROMEIEH, €95 2w, TiERS
DRV THE L7,

(1) REBKREZROHEER

TxNAEDOFEEIS L HPWIUIBLEFESL Ly &
(A i 37 Ak BB e Sy, 1981 A &, 1980 ¢
BSET - #rH, 1987 5 £ 4 K5, 1985) 12D W THGY
ENTVD, EREROHRTY, HIEICXEI YA
A FDWNUL, T > A (CbifEE 7 AL R E R,
1981), # A4 A (FAH S, 1980 k4 K5, 1985) &
WRTA v Vv A FISHS 548,
THOMBRBEE RIS 5205, BWEOLEKEH
WEBZEDOAE %8 O, JEEZ A S & 5 (SHARIFI
etal, 2008),

HEREBR T, Y A T hvd EidEfC
XoTHAL, AWIEH, TIEMEZEICX - THm
T A MR L7z (B2 ~4E23K) . —F, T
GBS K o> THIML, AHWHH, T
W&o THAT 26 %R L7z (5221, #241K),
7T VEAGENE, AR, TEERICL -
TREREEZ T 2o 12 (0 ~521K) 2 &
X, TOLEWBEL T YT IO T 5 KISD 7
DEFEzZ SN, HERERO I EE K =12 10g/
mMTHho7zh, SHICHEEMZRA L THHUIS
G5 EIIBES Ld o7,

(2) 25 DIROFE

FEDOY ¥ A €2 AiE, HEILRE D74
T Streptomyces scabies 7%, Y TIX Streptmyces
turgidiscabies D3R & 72 5 (HH, 2000)0 Z 9 A%
DB pH 2K 7 DS 72 B (AR - AR,
1983 ; 35 - VM, 2001 ; HAY S, 1997) 28, &9
IR OFERE pH X D ITEIRERE (yD IS I,
EIRFRENE L 25 (LB AlAF 035 %b)
L, MERAEE L EEM L 22 5 OKEF - & H, 1994 ; 35
H 5, 1994) o 7N — 7 M ft Fl 13 i 3R ER EE 2 9 S 4,
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Z) DIROREIRALE Z BN S 25 (8RS, 2000) 0
7aNVE s ) YiEpH 25U FOHEIZOAR, €9
AR BRI R R & SIS 5 (WA - Rk, 1990) 6

ZIH)WIHTHOERBE P HESINTBY, T2
H D3I AV %M Grand Rapids ®304E F ke L 72 %
9 DIRAOE 3 TUE, WEWE T %5 Thaxtomin
DHFERI2ZRML, PUAEWHEIZK > T
Strepmyces scabies % $I#]$ % (NEENO-ECKWALL and
SCHOTTEL, 1999) JE 5% 5 Y O Strepmyces J& Wi 7315
B9 5720, £ 9 MIEAFEN L 7=\ (SCHOTTEL et
al, 2001),

HAERER T, WMBRBRINNICIEZ O D RERFEE A
BE 2260255 ), HRHALOWEEIE Z 5
N7zo E72, 29 DIRREIRFEEEDS N — & HENLHt FH =
b o THMLZZ L, EIRBEORELE
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& 19955 .
I % KETHE.

ANz, TERELXHHITLLEEZONL 7O
Y70 VI 5 TH, €9 2IRMEWRAEEIR &
CWHT AT Ldhrozns, Thug, 13 pH s
56 TH o7z (T—FAM) 72D L Ez BNz,

Z) PRBRREE L 7 v 7 Y INE OB T,
B L A o 7219864F ~ 19904F, FEBMEIIZH - 72
19914F ~ 19954E 124313 TR L 72 (45401X1) » 19864F
~ 19904F1213, £ 9 DIRMIRFEEE DRI & b % o
TT v 7 Y WEDWAT HMENDD - 7205, 19914
~ 19954 121%, 2D &) ZHINIZEDO LN D5
oo Thbb, ZIMPREIT V7Y INEE R SH
LZENHBLOD, FHIZFORENRLNL DI
TlE ol F72, 29 MRSERMEIICH - 72
19UELIRE, 7o 7 V&, Ew b EOWDHE
L o 7IEITH ) (BE201%, 2E221X1), #AEIZ X
55T VNROBAIIE, F ) PRI O ER H
G- L2 REEDE 2 &z, 7272, 9 2RI &
BRESNBIOBACITERH Y v 74 €O mfilifE %
ZELCRTSIEL720, HRERELZMETH S,

(3) TEEEFOEE

yua V¥ sy vEkEH L7219934E0 s g L 7
YT UVNEOMRE R L (E41I) . 1FE A DY
BUABELRMBERO SN 572205, T4 L
Ffk, 19934FICIEOHERGPBERIEIET VT >
PEAE A D ), @O TEEZGMPFEBETHN
W, WERto Ty 7 IEE, BESGLD LA
WEHIAID3E - 720 BEICIR 72X 912, T 7 =
DEID TN TH o 72A8, HIEEG LT VT VI
W23 D B HREDOHRAEED S, FRISEESRNGO
) VB L T T VIR O ICIE A E R IEOM M
WROHNTz, =B, D-DAIZ fEH L 7219944E D 7 —
FWRRE Lo 2d, 714 OE LB,
D-D Al X & & 728 E10IX &, imfEIX T, 3%
BT VT VR ORI R DA D 5 72,
UEDEHIZ, Yo HA4ETHT VA LMD
A AT S, AR X B IRIUE, ORI A
BKFTAHIEICLoTHbEN, ZoOMKFIZHE
AR L2 E2 5N, Pk, RS L
77 RO BRI EEL4E H O 7 — 8 HRE
L7283, 7 v 7 YR OMAIZEIELI0FE B DI L
oz hn, ZoMmE, ZRLEHITIERED
LN o 2 WEEED E 2 b,
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BIRZE DY D RIVISEESZ G, BREDY DRIVIEHERME. "135% KETHEFELHEBERT .

3) 54X

A4 ZXTIE, 7oA LB BRI X I
AR, T X A MIUE R AED S,
HAEIZ X 2 WA AR R L 72w DD B
EEZONT, 7272, FAAXTIE, ¥4 XV Ak
YFaTIIOVTELITT AL ENDH -T2 F
7o, kv FavbitEaAE [ hI AR X] TH, &
YU FaTHITH S DDROREIED LN/ T
D, FAZXTVA My F a2 PUANOERDYT A X
WELWREDEZEZ 5N, ¥4 XI2owTid,
TARYA MY F 27 BERGFOZODHN S
FEHT 24T 5 725

(1) 4 XA F 27 EZTOHE

FAZXVA N Y F 27, ¥4 X, TAF, 4
I NEET BN, I A X, TAFIIHT S
BHENFELV(—H, 1953) ¥4 ATV A MLV Fa
TOPENET ST A ML, —10COEKIRT LI 2
SN, HLROLRREMETIE, 74 XI5 4
AVA by Fayid3MREFETEL(—H,
1955a)c ¥4 ZOWEIX, ¥4 XV A MY F oy

AR 2 WU IR A L22a 0 b 3 Lwv (FH,
1968) ¥4 ADEBENRRITFNIEIA XL A MY
FaIDEELEL DD, ¥4 ZADEFIFEN
B, WICHEBOY YT 2 BENEVEIZES
Z2\ (—)F, 1955b),

FAZXVA MY F 2Dy A NEEIZHIEIC
Ko THMT 5720 TR, I AHDOREERITIC
Lo THMT 5 GRIF - B, 1965 ; Bl - %I,
1963) 72, < AFD 2EFEHIETHTA AT A ML
FavzPiBRTsILiZTERV, —F, ¥4 XD
HWAEEMRBL L2281, FAXVA MY FauH
EDMR T 3 2 HBBEPME I N TVD (FHARDS,
1988), ¥4 AV APty FaigF4 X—ar¥x
KR THA L, ZORKI Fusarium J&H 7 & D%
IRW & &N T % (BERNARD et al, 1996), ¥ 72,
Verticillium J& % (CHEN and CHEN, 2002), Hirsutella
J& i (CHEN and Liu, 2005) 7 & D5%IKE b 54 2
VARV T aTEEERRTIE5, L7225 T,
FTAZXYA My FarOERBRL, oo
AR T 2 WD D 5o

FA XY A MY F 2y OYNEEIZ, 19874 LIk
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HWEAX T L (5291K), ¥4 AT A hterFa
I X o TEB L EEZ SN, AW
FHRDSIIEE B AT T BT CTld e o 72 OOF
301K) A%, FABRIX %2, JNEE O Y — 7 H319814F ~
19824 D 7V — 7 (A), 19844ED 77 v — 7 (B) 1245
JEE, 7NV —THNOINEEIFEROHEREZRL
72 (5542B4) o F 72, 19814E~ 19824EICE =27 D d
%R OALM, 19844E12 ¥ — 27 DB % ik
KIZE OB BNALE L CTWize $4bb, #HIED
MRS & D 70 o THIB BRI BN L 7= 2 R A 12k
L722 &, ZOMMIHEBRX OISR IN-Z
EDIREI NI,

A XV A MY F 2 OINEEL T A4 ZOIE
DR %, HAEWH 019804 ~ 19844E (A), B
G DR 5N 7219854~ 19914 (B) 12D W TR L
72 (55431%) o 19804F ~ 19844F (A) 12 1d, #AEIZ X
B IIAS L B 7z 7o 72 Re ] (19804FE ~ 19824F) &,
FAXTYANEYFaoBmL, »o#fEICL %
WA L < 7 o 72 ] (19834F ~ 19844F) 23 &
N5, 19804F ~ 19844E (A) 1B W TIE, INEE L
P IZHOMBEERL, #ECX 2T A4 XY
ALy FadiTBEINEEZ LN, 7272,
WEETH - 721983 E DR Y Tla%n{, ZD4F
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X, ¥4 XVA by F oy pslfE X AU %
Hl7z3EzZ oML h o7,

TA XY A MerF 23R %, 1990457 & it
L72DD#ANE, #EECLDEAI L5 A4 A&
REEXIEICHE 7, Lal, ¥4 AV A Mk
YF a7 ZoOICREERELTBY, 2 kY
Fa PR [P A A X ] (fE4 KRS, 1988)
T D-DAIORIEN D SN/ & 25, D-DAL,
trF PR E TR DRI & o THED R
PR L7 E 2 SN,

DD AN, oy FavBikRICMHEH S5 (I,
1953 ; FH - 2, 1963) 7217 T4 <, T3EMAEMIC
4 B BMEH 2R UREF - KB, 1993), dbiffiéE
BT A F A4 XOMAETIX, Pythium JBW G5,
1982) R MR 1 SR IR HAH D 2 AR AR T (B2 1T - $rH,
1987b, 1988) 2s kR EIC 59 % 729, D-D Al
DRI X o TIRILA A8 S 7= REPEDSE 2
b7z, T/, DDA EROMERLEREL
(DE NEVE, 2004 ; Tl o, 1985), 7 v =7
SR OMEALK 2 #lil3 % CHIR - g, 1982 ; DE
NEVE, 2004 ; /NEF - JCHF, 1993) 720, T¥EHIZT

JRasE (/100gHz 1)

1995

C A% 4 LRI XL & D B AR

Co M1.5

B3 BS

M3 M5 BLS5
F3 FL.5 FO

O: MADRERX
W [XBORRX

FA2E] A XHHDEA XY X Mt F a1 IRBREOHS ERBRKEE .
A (31981 ~ 1982F ICBENSE— U L > F-HBRK, BII1984FEICMBENSE—U L& - -HBRK .
O EEMER & EREREREX (Co, M1.5, M3, M5), []:/\—7#iEKX (B1.5, B3, B5),
A TIEERKX (FO, F1.5, F3), @ : B{EX (R), A3 :IEERMIEBAELIATO HIBERK .
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F4A3X S AWHDEA XA b F1IREEE
44 XREDEF .
ARZEA XA M EFa2aTDIRBREIETT S
L, BRIIMETUL/ABOEEICOWVWTRL .

A:@:1980%F, 19814, [1:1982%F, A :1983%,

O : 19844 .
A 1983 (I AEEN-HIEEI TP SR L 1= .

B:<{>:1985%, [1:1986%F, ~A:1988%F, (O:19894F,

@ 19904, M 19914, (19874 (3 %Al .
*131% KETHE.

VESTRERERIEL, S ANOBERMHB LM
mEEzmEettd £ 2 5Nhiz. D-D AN X AL
AN E NG ETH 1 ~2 7 HREERRET 5 (A
W NEE, 1982) 728, ~ AFAFHHEOFEICIE
TEIZT Y EZTREZRVERL TV EEZ bR
%o

(2) £EES LINEDERF

VER AR Z AR 5120, THIBICHkT 5 8%
WIS B VEDNH D, T4 RITEOEREHFE
MRV, R 1 kg P OAEETE L TH kg (&
FZH R N use effeciency) 7% 7 ~ 202 &, ¥

¥ 13T & % (SALVAGIOTTI et al, 2008), b &
D F A X PN 250k g/ 10a CF K 224F FEEVER#ERT)
T B0, EBFEAHRNELZI3EME L7
WA T, wFEN20kg/10a B LEE R DL, LaL,
TR IC B B 7 A XD FEFEROHEEMIT R
KCl2kg/10a #2ETH ) (Wi H, 1983), ¥4 X
A EHEE 2 ~4kg/10a 2 ETRINL 2L LT
b, FEloWEEZHIFSH7-0121%, HEICHKT S
ZRUT, WHERET2) 2 WIRT HLEN D 5,

WEFIL, MAEMORFET N v AR L
BRSNSV (R 5, 1997a 5 TR, 1986 : AR - K
B, 1993) 728, HEWHEHIZ X - THEINT % &%
ZbMb, T2, DDAHNZ L o TS A~ AERD
LS, R LI NT V'S T REEEOME
Ll SNz 35 &, BT vy E=THES
EWRFEs N EZZ NG, bbb, HRWE
I NA F < 2%F %, D-D AN MmEREEF 2 B
KELRHEICEY, ¥4 XOBHEWIE BN S &7
WHEMEDSE 2 5N b,

Db TEERICHTA2RBICE > TH 4 A
XU 72856, 223 L I o BRD RS & s
PECRZ L RS2, —77, D-D AN X 28R
WA Pythium J&E 70 E V203 5 BB IO L
Yitr, 7oA ONE ERERIC, eSS & EES
HTEFLNEOMBRIIE L IDLEZ LN,

Pt R, U UE, A T AREE YA X
W DBRDIENTIX, HEHEDIZEIZ DOV TIIAT
DT, 194D NTIT - 72 (BB44K) . Z DIRFFILE,
FAZXYA MY F 271X BRNA I L 72,
BT A X0 L 7RI 4725, W DTS
DI X > T H YR DH N 2 % 7R L7225,
ZEFEE L INEOMIIZAE R MHBIEED ST,
W et & St Tl E O BIRAIBIC R 2 5 &
Ebuholz(BUKA), THITHL, U iR
BEERESRE, 1) 7 ARREEIT ARG TR & IE
OB H Y (544 B, C), V VB, A7V 7 Lk
FEISR HEIE, SR L D SR TR
EWE 2 R L7z

INHOMERIL, dLEED 5 4 13 VBRI %
BT %5 Arbuscular Mycorrhizal (AM) W2SEET %
BRICAEBSRIFICR S 2 & (FE, 2004), ¥4 A0
IPElE A ) 7 2T KELEEEINS Z L (SALE and
CAMPBELL, 1986) & & < —3 L7z, #fERERTI,
AR X 2B5OERD=0, R 26
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AR HA X EEOER(A), VB (B), HYUYLRE(C) EIREDRER (19945F).
O EEWRBEK & EREREAK (CO, M1.5, M3, M5), []:/\—7H#EMEARX (B1.5, B3, B5),

A THEEERKX (FO, F1.5, F3), @ : &W{EX (R).

BIRE DD P RIVIGEERM, BREOD DRIVEEERE. "3 1%, "135% KETHELHEEETRY .
X A# (3, BERRECNEORFEZ, N—I7HERAR (L) UAOHBRKICOWTHEMIZITo % .

M2SFRD LN REMED D - 7243, 74 ADAEFIL
HIEIINOOEFICKESEEINDILEEZILRN
72 1) NREDSWEIET L5720, h) T A
BRI N — 7 HEE (55 9 22) B X % BRé L T
BRWELPEROBBREMRF L2 A, WHEDH
WA ERIEOMBD RS 5 (554K A#), ¥4 X
DOYENE FIEEFR (BUKINE R = <~ AEHR)
WHB IR TV EER bR,

INHOZ Ens, RERBBRIGFEHIZIE 74
ADOWEAFIC HIERSITE SN2 L, Wi
TRCR L, #AESMECY YERE B ) 7 A ORI A
L7 2 EAURMKE S 708, RS TEZEIN
NIPMET L2 WA LIETE LD 7,

A X BT HEEEHE LT, FyER
Y EDAAFMEME A4 X e MAEDEDL L
T, 4 AFHMEWICH T 5 2 FE R % 6 kg/10a 1
WS 3T 2 EAEE L S5 (VARVEL and
WILHELM, 2003). ¥ 4 RiZT38EY % 0 L=
FVAEY T % (CHENG et al, 2003) 729, HEEW
oL, TOROERE LERICKT AL E X

bNb, Thbb, ¥4 Xx2HELZBIZE 20
RN & o THIEAEWAWFE ST Z B2 E 2 5
N, HVERBRCLOERERE 7 4 X% i L 2zBIc i S
N5, TEAEY OB —-MAEY O 4
F—IR & % B THRFEOBD—MAE N A F < A
(M )& FK) DWW IS S REED D - 720 7272
COWIUL, B OMEETIZFEBL L Wil gt
Hotze T, HERBTE, HIEXKOEWERS %
RFHZLTna70, MEWKRS 23 ERAALLEENT
LR LR A LN N E ) PIIELETELRPo72,

4) 7 Xx

TAXTYH, 7 ¥ A LFEL HEIEIC X 2RI
AR, TR X A BUEIN AR S,
RIS X B A AR R R L 72T DY E 2
BNz TAFDH, ¥4 XELFBRIC, TERERE
TGO O DI B IFRHT 21T - 720

(1) EoF a7 EFREROEE
HAERBR CIIE ISR ORI OREIIITD R0 -
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7200, BB L GEEXOAEFTEIE L
CIET L2 ERS, 7TAFTREEWRIBAEL
2o, @R CTEBRBBAZIIREI O EEZLN
720 EEEROFEIZLER Y VF 2712200V TI,
A XY A&y F a7 BEE % 19904 ~ 19914F
W L7228, ¥4 XL kL, IR Z R
L(833K), ¥4 AV AbEryFavi3EELTY
T EZONTze HRERW IR S O 5 %2 i
T bW 2 A L UME, 1983), BEHLLZD
72 ORISR S AR MM BRAE 3 % (Hh, 1983) 720,
HREREN TR BT LY) B T2, S
AV ANy F oy (WP, 1984) 7217 T% <,
FIATH Ly F a2 b HEEROELEEET S
(E S, 2005) 728, ¥4 AT A My F 2 o9
BLTH, HEREIEBLEro7EEZ LN,

FAXZANE Y F 2R ELT AFOINEE
DORIR%E, WVESM, BAESRMEICH T TORLAZE
45M0) o BESECIIMBIERRO S s, dfESMA:
TIIINEE L IEAIEOMBE AR L2 2D &1
WL T, 7 AFOEFVRRIGFRGEICTA X
VANEYFauHIMLzZ EERIBL, FA4 X
VANV F PRI L IR D2 Lcb
JTIRARWI EDMREN, Lz T, TAF
DOFERERRIEE, WU, F¥ATH Ly Fay
HHGLzeEz o607z, DDANEF Y A7 Lt
VF A OEERKTERLZ LT, EEREDR
L, 7 AF O X 2N % S SR 720 kA
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y = 0.9686x + 45.272

r = 0.588*
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45 T AXHMDEIA XA M F1VREE L
7 XAXINE DR .
O, @:1990%F, [], M : 19914,
Bk ¥ (3E &M (CO, M1.5~5, B1.5~5),
Rk X IE{ESMH (FO~ F3, R).

BEIERHTIE, 5% KEC) THELHEBEIRON .

Holz

T A F b MR & B WISRIRE O L BRI T 253
LWEYTH Y (A - Hri, 1987b, 1988), D-D
H O RIREE~ 2 RER A CNEF - KBF, 1993)
A, HIEIC X BN A BRE LR H o7z L
L, SHOKEISIE, FOHICOVTELRTS
ZEIETE Lo T

(2) EES LIREDRARFE

1994FE D7 XXM D ER, U VB, AU
LERE L IR OBRE F6RIR LTze TAFTDH
WEETHDI993EDOT— 7 IEA L7720 TAFT
XA O BN S B LB Tl 2 Ao 72
A, BIEERGHPFEBEE CHUL, WESEOIE X
BEEMEL D I EWEZ R L, 202 ens, T
VA LRRIC, T AFTHEMEIC L o TESWIL
DPETFL, ZOREMIEWHERNTH S Z L IR
Rz, EWHERE LTIE, F4 XA MY
FAUREFY AT L LY F a7 EEEHRREIE 2
bz,

5) HFEILY

il 2 A FZ, 19874 ~ 19894F (2 D AHAEIC &
%A B INDFRD SN, TIEEEOREDLED S
N2 2o 72hs, FREWHAIC & - THIS 2 i)
Hotze Tz, HIEABR TR FEWHSEOL
BOREO BB BMZ - 7278, SRR IO AR
7o 7)) VI L > THR L7216
H3id o720 T 2 TIRTERES & IEREOIILM
DM A2 & fFHT %2 4T 5 720

(1) EES LIREDRARF

TR G L BEE T A FONRNEOMRTIE, Zanv
Yoy vE&fH L 7219934 & D-D & % fiti i L 72
19944 X B DI 2 7% L 727280, 19944E DFE R %
RL72 (AT o AEZRMBNE, EEEMFOEFR
FEEWREROBIZOARRSNZD, WIFROEAED,
FOOWINI & b 7 o TR T 2 6D -
Too F7z, HESEMLWIESM L OMEIZRRD SR
Ldrolze TNHDI EIF, 19944121, HAEIC X
LESINHOE TR SNT, HFika 2 FoIUE
RIS ITEB SN L 2RB L. 2 B,
TR IR X O RIL DA 372 o 7219874 ~ 19894F 12
i, Moo X 51z, HEAEYIC X - THRILL 72
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O 1 EEMEBR & ERBIEEARKX (Co, M1.5, M3, M5), [1: /\—7H#EERKAK (B1.5, B3, B5),
A HIEIEKKX (FO, F1.5 F3), @ : W{FX (R).

BikRE DY 2 RIVIGEERMG, FRIKEOD 2 RIVISEERS .
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BIRE DD 2 RIVIGEESRE, BIREDOD 2 RIVISERIERE .
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JBR(B), AT LRE(C) EINEDEIE (19945F).
O EfEBX & ERERKARX (CO, M1.5, M3, M5), [1: /\—VHBREAKX (B1.5, B3, B5),
A H1EERX (FO, F1.5, F3), @ : #{EX (R).

*135% KETHELEREERT .
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WHENED D - 727, GHOFERP L, TDRIZTDOW
THET 22 L3 TELhol,

(2) £EOILAHRIIEN

Bk 3 L FIIBT 2 VAIRIEFE L b o 7298,
19914E D I (F oV ¥ 7 ) Y HEH) O AT A
Ry MRICEE L7z, ZORBRK 2L, %
WEBIZBWTa A F 23kl L Tl AT 5
720, VATRRAEREL-E A, VAR ORRR
i, HEEEX TS PICE, o DT 2,
HAERBR O T VAR O E R IR L2, ~
OVE 7Y ko THIEEDSHE L 72 2 & 2R
L7z bbb, #ERBRTIE, AWWERIZE S
TYRHEIH SN T e 2 52y, VAR
SRR TR T TR D KA o 720

I A F VMR EAEIC X o T3GB L (Cook,
2003 ; WELLER et al., 2002), Z®OJEK & LT
Psuedomonas &4 (CHAPON et al,, 2002 ; WELLER et
al, 2002), Bacillus J& T (LIU et al, 2009 ; RYDER
etal, 1999) = EMEEINTW5E, Tz, BUE -
PO — o A FigfECO R S, FoERKE
LTT A—=21"9%Z 5N T b (CHAKRABORTY,
1983)c AGERTIE, AW AN EAEX The b ¥l S
NTH Y, CHAKRABORTY (1983) ® it & ik v il
DU REMEDE 2 bz,

6) EEEEDHEELRE
WAEREBRClE, 79 A, TAFREHEIEICLS
WIS LT, TR ELR S0 EWNER
W&o TESBINNDPET L7z E 2 bz,
WX BRI B TH - 72 ¥ A ETIEE
D) IR MDA EN, ¥4 XTIEF A XA
LU F 2T ENAF I REROWAIT L - THILL
el EZ HNTA, TR ERAEER TR L
T ReMED D o 70 FHE T L FClITNE, M
WEBHINEDITEAERDON o7z, U ED
92, BRI X BRI EIC L o TR -
778, GEAEREEE, FICHIERER R EoAYR T
W2k s eEZ oMz, DT, dfERBcftiiL 2
TELIAMC D5 H L, SR EO SR LIRS 5
Z & xR AT

(1) EYNERDOSHM
WAEREIZ BT 58I X A IUE, T3 AT

W IRIE T (Rhizoctonia solani AG-2-2) & F LA D
YRR (BZ 5 { Aphanomyces J& W), 7 A ¥
TIPSR | (Cephalosporium gregatum) & & ¥ F =
7 (Heterodera glycines X° Pratylenchus penetrans)
IoTHlagRIENLELON, EMIEREIZIE,
BEBOTHIRERDPEGT LI EhdbbLEEZILN
7oo RIEWEHIHHRER & £ F 2712515
M, R 1 A (soil microbes), ¥
F 2 71FKE 202~ 2mm OHEIBEY (mesofauna)
I END (EE, 1994), HI2R~HIIKITRL
&), ryFay, BERHEERIE S H5I1I2EH
A AN Y (S

M HEET L2y Far e LTRERYAMEY
F 2 7 (Heterodera J&, Globodera J&), F 37+t v
F 2 %7 (Meloidogyne J&), * 7% Lty Faw
(Pratylenchus J& ) BSE T 5 (CFfF, 2003), 74
AV A N v F 2 (Heterodera glycines) 1%, 1B
M CRIEE 2 0 (IR, 1969), BI7E & 545 (Liv
and HERBERT, 2002 ; PORTER ef al, 2001) T % A
ZDOWROBEH L 72> T b, F72, ENTORE
BEZLLZCDBOD, T HAAEIA P T 2T
(Globodera rostochiensis) D351 FRE & 72 % 0 GEMEAY
H5HGFR 2009, ATy F2TTIE, YA
E A 37k v F 27 (Meloidogyne incognita) \Z X %
WeBEHRHIR % 80 B (4, 2003) 25, DX ¥ F 2
viEF Y4 ®(EH - D, 1997) 225 TR, ®
EORM S, 1990) %4 F 27 ($H 5, 1998) 72 &
ARBMET 2, AT7H Ly F273L 0N TH
D (g, 1974), ¥4 as L EOWEZETSE5
(KRR, 2003),

TR R I21E, FEEAY Th HMEE B4
MThHBLRIKRE R ED DL, BERHITMEO 14T
HHU-E, 1994), KW Streptmyces JEH 2 & 5
VXA L) DIRIIKELRMEE 2> Tw 5 (H
Wi, 2000), BEEAWICIE, ToOoW, HTHE, &
SCEWR EDPS R DLRIRKZITTRL, FAEAYR
UIE (3%, 1998) & N5 (H135) . KL
&, T A ) M (A, 1983) X & FHHAR A
i (KIEE, 2005) (2B 5-3 % Polymyxa JBW, 775
FEHEMIR Z RO & 72 B Plasmodiphora J&
(JEiB, 1998) % EW5d %o HIRIZ, A0 TIEHRIKE
O—FfliE ENTEBY (JEE, 1998), Aphanomyces J&
W, Phytophthora J& W, Pythium & 7% E5& T 5,
Aphanomyces JE W T, EWHIIOEE 2 Fro 00 728



T Wit 5 IR BT B HVEY O ERTEMAR & EVERSEE I8 AE O fFAT 45
F12%k ERMEYMELS F a7 E2OFEMEY. FEEE i) 159D .
AXEL ~ A 2R AR Z A
by 5 7| b U
:U'7/I/15\~74’yﬂ_\7 4’*7”\y"j‘ﬁ;“3|
P TR VI S Il I R R R R S IfF
N A O el PR i LA R P
rizrﬁy V4U% 74’%%‘/‘/”@:
DA T s
LANELF 2y AAXV AR TF 2 O O 1)
Heterodera glycines X X x |O O O X X x 6)
x 14)
AR AN F 2T O 11)
Heterodera elachista
DX AT ANEF 2y O 7)
Globodera rostochiensis
FaTd v Fay YA ERaT B F oy O 4)
Meloidogyne incognita O 8)
O 9)
X X X O x [12)
X X X x |13)
x x @) 16)
AT v F oy O 1)
Meloidogyne hapla O 10)
RTHF LT oy FHRT LT oy @) @) O Ox |2
Pratylenchus penetrans X O x 13)
x O 5)
O 10)
x OO [17
O 18)
SFIRTYP LY F oy O 11)
Pratylenchus coffeae X X O x_[15)
1)RE - BA 2002, 2)#F 1990, 3)#HHS 1982, 4)FE 5 1983, 5)2LF5 2000, 6)—4= 1953, 7 )Inagaki

1984, 8)#kH 51998, 9)ARM S 1990, 10)2H S 1980, 1DIAAS 1978, 12)KALLS 2004, 13)4EE 1995, 14)
MEF 52005, 15) Bl 2002, 16) RH - ¥ 1997, 17)i k5 2003, 18) I S 2005.

O FEMEW, < IEFEMEWD B\ I3 HUhE .

W AEAR SR E & 7% B (28R, 1983a). SRIRE T,
Cephlosporium gtregataum \Z £ % 7 X ¥ ¥ 39 (R
A - K, 1984), Fusarium solani \2 X A4 V7 v
RN 9% (LAY, 2000), Rhizoctonia solani V2 X % 5 ¥
A B (NS, 1983) & L, REemBICEE L
THERENL G END THEPT, RIRE IR
(AT - I, 1982a; WL, 1983) R R IR S o
Wik (A, 1983) % U CHAAFL, L L bic
RS %o

BEfG O AR E D K & 7 B 5/ R Pyrenchaeta
JERNE, EEWREERT I IRV, EERRE
T DIRFEDEAL L 2RISR EL R I T, wbhbWwb
[55\V R E | (B, 1978) & Ez2 b b, BT
VAR T B Aphanomyces JE W (K, 1994),
A ZNZx9 % Pythium B (5t1l, 1982) % &b [55
VIR 2 ZEZTIVWTHAHHo F/z, #IEICE

BLWRAE LT 4, TAF, ¥4 XTiE, B
I Fusarium J& W 7% EXEE OSRIKE 2 E L LT,
FRIRWA O L MR B KT 3 2 (AR 1T - $r H,
1987ab, 1988)., Z DOE, Fusarium J&E OB
X BTSRRI A O L BT 25 TH5VIRIRE ] &
FRROVERZ L7z EZ A ENTEL Y kD
£, HEREQRKAEME LTE, v Fay,
TR R 22 EO TR ER 2T TR, @E I
JEVEZ Rz [55VIRER ] S5 L) %R
57z,

(2) RERZR

HWAERER T, WEICK 57 V54 ORI L
Mo 72y, BT & AuiinE v R SE R T,
WETF AL ORI DT TH o 72 (RS
1997) k912, T 2B T, WEEREOR
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B13R FHICIET 5 HIREEY .

AXEL [~ AR | 2o
Yo W
sl Tl 2 f
T4 LA A R |\F ¥ Y i P g
¥z %0 T og :
v A ik
£ £
PR Strrptmyces scabies O D Common scab 15)
(kB & &te) Strrptmyces turgidiscabies O LI Common scab 15)
JEAEAEY) Polymyxa betae O ORI Rhizonamia 14)
Polymyxa graminis O e 2 Yellow mosaic 11)
Spongospore subterranea ©) Rz 57 Powdery scab 6)
ITES] Aphanomyces cochlioides O RVA SIS Dumping-off 17)
O TARIA Black root 13)
O 35\ 13)
Pythium O = AT Browning 5)
O SRR Dumping 16)
@) SV M SR 2)
E0)) Calonectria crotalariae O SRR Root necrosis 8)
Gaeumannomyces garaminis O RVA b Take-all 7)
Microdochium nivale O AL EE IR Snow mold 5)
Sclerotinia borealis @) ERE NI EZYH _ Sclerotinia snow blight 5)
114 Typhula @) IR RS Typhula snow blight  5)
RoerA Cephalosporium gregatum TR Brown stem rot 9)
Cephalosporium gramineum O ESLRL Cepharosporium stripe 12)
Fusarium O [EEINEE)) 3)
Fusarium oxysporum O _[>2ElH Fusarium wilt 10)
Rhizoctonia solani @) R Root rot 1)
O EHIIH Black scarf 2)
Pyrenochaeta @) S5V VI S 4)

1) B 1981,
FEAR 1981,
KA 1983, 15)HH 2000, 16) 1LIT 1977.
F, R (1998) (ZHERL L 72
RV

EDR D, HDHVIE, EIEREORK L 72 5 EY
WELDEDD 5. 2O OHRHIF O ED K D
—o2 L LT, HEREROIIEIE 25 vidER
BHEDOHFAEDNE 2 5N b (BFl4F) .

Pk gL ERBIGE, ORI EETEZW
TeDFEIRHIA O N 13, ORI IXEE T 575,
FERWAGE & v, QWIERAVESL, ML 3
W B, AL Do TRIFAWIS 5 HHIC
B A ZENTE DB, 1983), W& LTI,
Fusarium 3 \Z3F 3 A1k T3ERH 0, Jb LR
BWOA 2 2 HRIE R IE T3S O W CTREM 2 i o8
HoHHE -5, 1981 HES, 1979), JbRER
BB EIENSIEA 7 2 WG R W (Fusarium
solani) 3B ST, WEE 2R L CHIM L WH
mIER SN, JLRERO TETIE, KRB A R
TRBEER T O5RF % E03% 505, 1L BERNW
L7206, CoBgEonialts, L2L, &
WA, B2 VIR v TR

2)&Ibs 1982, 3)AAIT - HrH 1988, 4)IRAS 1978, 5)AAA 2009, 6)KiHS 2009, 7)EHE -
)TH 5 1999, 9)ME - /MK 1984, 10)/MIT 1988, 11) Kk 2005, 12) )@l 1994, 13)iE7K 1994, 14)

VIR R NE, EFAHOERRESERE I TH2 00, JHHE LTRESR T
(S5 R 1, BESRIREAH O 2 BRPER IS X 2 A H 4 .

OFEEMZ LD EIERIZEET 5, T4hbL, 4

2 Y BB O FEVE S BUER R E R ITER L Tw
72EEZONDLD, T ORADERIZIL AL
MO TIEICHAEMEL, LREREIEZOmEDY
BRABIM LR T WEFICH -7 EZBND,

@rLTid, BEREENOT 77 F R 595
(Plasmodiphora brassicae) D1 1T3EH B 5 (K E
5, 2004a). COHEBITIE, KIRNLT-H M E % F
ODIZHL, FTREto7a 7z v ASIEHEL O
B, FREIIKRRRF25 & oh, £Elol
THEMETT 5, LaL, V) yBoBREIC X
D7a7xrOIEMEICY) YRVKETSHE, T
Tz VEETIRETERLLRY, M BRI
W AHEIIT%DHH LS, 2004b),

@FBEBIGUE, HEEOMRC X 1 THRE R OB
EPRWATLHELTHY, 7oA MG (EI - 3
., 1982b), TV x H A EZ 9 HIK (SCHOTTEL et al.,
2001), = A F3A9% (Cook, 2003 5, NARITA and
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B4R TRWREFROMIELIR, TREKOH.

e I 7 517 -z 98
B (G E A5 1) Strrptmyces scabies v TAE  FIDF Grand Rapids (7 AU4) =ik 8
JE AR Plasmodiphora brassicae 77 7T F RIS RS W IR AT k2 5)
U] Aphanomyces cochlioides 7 %A SEAR JeEE ALIR TSR =ik 9
S DI Gaeumannomyces garaminis =% NEAE Glen Osmond GF—=r7U7) #1k1 1)
JbifEE =ik 6)
ENTE Fusarium solani A R A -y ikl 2)
no FEERNT =ik 7
Rhizoctonia solani T A M7 AL A T - AR T ik 4)
L Far Heterodera glycines HAX SANEL T2y BKEERANTT Wik 3

1)Chakraborty 1983, 2)ii% - 59k 1981, 3)MEA S 1988, 4)EH - F2JF 1982b, 5)#f 1.5 2004, 6)Narita
& Suzui 1991, 7)BAS 2000, 8)Schottel & 2001, 9)ILI1 1977.
= B (1983) I2f¢vy, Ik 1, k2, RO Lz. k1 mEEDS S AO T vhiE, Pk 2 E)E

WAOMFAES 2 A0 L2 W3, 368 1l RIc X 0 B3N E iR 2 10k

Suzut, 1991), ¥4 XD ¥4 XY A bk v F a7 (1§
Ko, 1988) = ETHISNT WA, TEHERON
b, FEEBSIE, B S HIEAEBEITEX AW
—EMFE PR, BB & 24 R PUERIC 5
BT ENTE, IXHAETZ) D, I LAF M
DOFERBGIRFRINTEYUEM Td % (WELLER et al,
2002), FEEMFEPUERIIEEPIRISER$ 2 £Z 2
S, FENE RN L (NI, 1988 5 SCHOTTEL et
al, 2001), AEEWHED Trichoderma J& W (VINALE
etal, 2008), 75 A[EMHMIH @ Psuedomonas J& #
(WELLER et al, 2002), 7" F & FsthE#i R @ Bacillus
JEH (LU et al, 2009) 7% E2SEEPUA & LTy s
TWwb, /2, b rF a3 AHHRE LT,
VANV F o2 WHHIZHEAET L HRIRE
Hirustella J& W (CHEN and LU, 2005), JRIZ&4ET
% Fusarium J{ W (7&K, 1994), >y <AL €437
v F 27T B ME Pasteuria J& T (Hf H S
1998) 2 EsiE ST b,

LRI L2 L H 12, DEoHS
i, BRI ulE BI DI wEFSH S &
ZZbN5h, THREROMEYE, FERHAZKORS
DT IVMBGIZL o THE D Z LD, BEofus
] CHEREE N AR L R EEO—>
ThbLEZOLNT,

(3) NI AT AEZDES

HAEER O RER I T, HAE S A XH3 1385800,
FICHNEZROWFIC L > THINLZEEZ LN
72 MNEFRIINA A ABR LW RS D 5 (W

AR RY, 1993) 728, ZoBBIE, OF A XEE
W&o CTHEARWSHAEL, @QLEMEY O £
WF—JRTH B IRFEIWAT 5T LT X o THIERM
AL L, @TIEMAEWICHEKT H 51 < A
BEMRLL, OFEI ORI BEM =
F)DPWPTHI LI oTHFA AWML, &
EZDNTzo NA XY ABRITTIEMEY ORITE
LENBEEZONLZD, ZOBLHIEWE T
AWM OMERREE 2 bz,
WIEORRD S B, TIEAREY OMERF & ERE &
ORI, ALFIEHTIIRBETELZVWEEZ LN,
ARG SC TR A ER RN RO W T EITHET L T
Eoh, A4 XOHAEDLHIZ, BB X > Tl
BEWNBP LI EZONLEAE LD o7, DS
RIS 2R T 2 E RO —DITH X DS, EHR
BEMICE o TR EELREHTO—DOTH Y, T
MAEWICX > THRIFS 2 h 2RI HEARY
(RFELBFE) ORI L o THEFFES N D L Z 2
bNb, b L, WIEICE 2 HIEAERYOMERD, H
NEFOMF 2 8 U THEW O A R RIZH S L
TWwb % bIE, ZOREICH LEMAEDH»EEG L7
EEZDLIENTED, Thbb, WEOHMRETH
% T B OMEFEC AR E AN R, T
DEYHENEE L Twb EEZ SN,

(4) 7Lrany—HRELTOEEESE
ARIfFgeCld, BERENT L ay —IOREKHT 5
DE D PIIHRETE LD o 72 NWEREDHRICE -
THREND 7 = ) — VEZR EOLEE i High
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THELSIND 720, HilEY O IR OVEY
ZERIT L2 WVERY, 7L assy — 3R E o 5
FIZZ D2 W (PR, 1976) . ERUIx L, £ v Fa
v, FERIER Z EOEWNERIIE, ¥4 XV AL
Yt F 2y TlEY A M (—H, 1955a), Aphanomyces
JEH CTIENT (P53, 1998), Rhizoctonia solani TIX
1% CEHT - 529, 1982a ; WNFL, 1983), Cephalosporium
gregatum TILHEFFR S P OB (HHF, 1983) 7 &
W&oT, TP CTEIEHFTELZD, 14E1E
Wi THh 2 TG THEEREORRE 2D ) 5
LEZLNS,

WL B v F 27 DSUREDE, WERIC
LB, R ERET A PUEW R R L,
PEREE R FRBIRITH L L DL FEWE A G- L Tw»
% (815%), o TOTLanNy —DEHIL [H
B R HHERE T ALY E I & o THUO R (A=
WEEL) MO LOEREZ T 284%] Thh (#
o 2000), AEWIEET 2L WEOEE T
Lany—lli3EEncniroi,

L2l BAEOT Lay —0ERIL, [y,
WA, B L od HEWRKIC X - T, RN,
H B\ ITILHRAN T S B L= AS,  [RAE O

KRaGLNOMRIZBT A58, AF, #BE, 178
KASIREE, i), A, H5vIEIh S5 0%ER
& B - AR IS LT, S 0 OfEH
REFRET SR THEL] Th D (I, 20000,
DEFHEZNE, BISKITR L7z & 9 AR |c
By phi L LAY, TEAWEOMEIER D,
TLanNy—BRLEERDLILENTE S,

(5) #HEEMICREL 5> 2 LBRER

Dk, #fERBRORBECEAEOMEAL S, OMIE
YoM ENF L L CHEREIICERT S 2
&, @QFEBRHAL LR LTI Y FYIC X o THEHER
DOFERENRL L 2L, OFEWIZE > T TIEM
AW (WHER) ORI > THRINT 5205
ZE, @EWMERIC X MR EXT L OISy —
G 1L EZH) b EEEIN, Thbh,
VERE E I EY & M5 13 AE W 3B -3 % ik 70 4
WHRETHY, WIZ—EORBHEE SN L DI
TIRABRWVWEZZ BN, U, AWFEORF & 5
% R E RIS BRI OV TR RS,
HAET VA TRBEHRAFEA L7272 TR L,
WHMEREOLON P ob0D, BE 5L

$15% EHETBREYOBOTLONS —DOF.

~
o . Ao 31
SR RIREY) TERE Y B St
NN
b=
Wihe 1 TRy Aphanomyces euteiches Prunetin O #EETFFHEL 11)
7] FHA Aphanomyces cochlioides NO3-, Cl- WEEFFHL 12)
AL Heterodera glycines glycinoeclepin A SAefEdE 1)
TAR Gaeumannomyces graminis DIBOA O O By 10)
TINTFINT 7 Fusarium solani FAR=A O LB 7)
~J—=— /LR Pratylenchus a-terthienyl (%315 3)
77T R Globodera rostochiensis ~ Glucosinolates O SAERRE 1)
VIV I Melordogyne hapla dhurrin O %158 6)
s, Streptmyces X HAE Thaxtomin O JWBEERL  4)
T Cepharosporium gramineum 2.5 Graminin A ZRBUER  5)
Bacillus YEW) 7T YR SR B 2)
AN Psuedomonas Gaeumannomyces graminis 2,4-DAPG O HiEd 9)
TIAED Trichoderma R, HE (RFE2ERY) kA I—PRl HNaBESR_8)

1)Chitwood 2002, 2)Choudhary & Johri 2009, 3)Cooper & 1985, 4 )King & Calhoun 2009, 5)Kobayashi &
Ui 1979, 6)Oka 2010, 7))k 2000, 8)Vanile & 2008, 9)Weller & 2002, 10) Wilkes & 1999, 11)Yokosawa

5 1986, 12)Yokosawa
DIBOA 12 4-dihydroxy-1,4-benzoxazin-3-one.
24-DAPG 132 4-diacetylphloroglucinol.
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Aphanomyces J&WHZ X % WIHFED S 7z. B
7205 T 7% £, Aphanomyces J& W T & ¥ 1k 1 3
(PERSSON and OLSSON, 2000) % f #it W (ISLAM,
2008) M EFEN TV B 720, Ty H AT 5
Aphanomyces JEH OB ED TIEIZ L > THERL 5 HE
3D o 720 AR TIZHENET > A OWIPFLEE D
ZELo7z0lIxt L, BT 2 T EERBRY Tl
HAET VA QW2 2272 5 72 (WA, 1997) 73,
Z O FB I D AH & AS Aphanomyces J& W2 xF$ 5 +
OIS OHGEIZIEOW R D EZ b, F
7z, SRR EIRER CRAE LR T RE - i,
1967) 728, FEETHHEMEREOREIT R L L &
ZzbNb,

HBAEY X A A B TIEE D) DINAIELE L7228, HfE
W& BT RS 5 720 L, 4 F Y X
® Rhothamstead TlZ, = & FHAEERER % 1004E DL
LB L TV B 2S, U A BRI, T
Eill, BEH B Y F a2y OEBIILo THIES
NTH Y (JENKINSON, 1991), #HfEIZ L 5TV F o
UWEELGE, VXY WA ETIEELLIEINT %
WHESED D %o ENIZBIFAY Y WA ETV A MY
F 27 OFEA M I E AL E O — IR IR 5 o Tw
7z (INAGAKI, 1984) 2%, 4 CTlEZ DB EMAEATY v
A B0 1 HBREICHMLTBY (RS,
2009), HIEY ¥ A4 ETIESHREy FarELE
W LUENHLEEZ NG,

MAERBD A X TEFTA AT A My F 27D
HDFRD N7z, LR TIE Pythium & W O
ERBES NGRS, 1982), AN LIRS O Hils Tl
Calonectria crotalariae |2 X 5 BAREHR 7 L HHEE
bR EMS, 1999), #IEY A A Tld I E)
MEE R EDNE V. TAYATIETA XA b
X ¥ F 2 & Fusarium JE W2 X 5 Sudden death
syndrome (22 SR JEHE B BE) 38 5 S LT B (XING
and WESTPHAL, 2009) 2%, COHEIZL L F 2
ERIREICE > THRAET L &, EFPINCHEIEL,
FTREWELD LT IERED, TAFEERL
FOLTWD,

BET AFIL, BEOLLEFROBFICL YLK
REEZZ, FOHEZIFIATYL LY Fay
WCEkoThEshAzEEZON, LirL, #ET
AFIZOVWTOLEIEA R, TP EEETSZ
LIETE LD o7,

BRI XTI, BIEICX 2UEDTAT, o

—

Mm b STy, D74 & S EIELON H LI
3, HEREROREEZ T ol EZ BN,
TIAFOMMEHEL LTI UMARORENIKE W
(B k& - ¥R, 1981) 25, #ifE% 4 ~ 5 4E/kRE T 5 2
ECVMIRIEFERT S (Cook, 2003) 2 & bbb,
I A FF RIS HEE S T S (REEVES, 1997)
—7J, MEE CTIirb A B R R T,
A2 2 FOYLEALI (= FHH) 12X > THALE
& 7o 7o (ki A R SRR Y, 1981) . HAL
L, 7Y TR TAR LR TF Ny MR
EIESNTH ITEY, R LBsh, H
KiFTRGZRINL THREEZ 7269720, 7T
bEBOEEFEH TH S (A, 2002), L7235 T
BEIRDVFKIF T LA FORENEHEFEE %D ) LD, H
ARILMOFFRN St L Z 2 O, EIEREBRTLH
Har¥FcradiarrztiAL o, F
JERRIZ & o T L 72" BEMEDS B - 720

7) ERDERAORMR

HAERERCTIE, BEH CEFIRIC L o TEGSIIN
DHPETF L7227 XF, EwdEE TV 7 Ul
WRERICE > TT ¥ 7V INEDEED DT 7o 72
Ty A ERRE, AW X o TIEAEM
T BN D > 72 AR iEH O &)L EERZ I
HLL, BRI 2EGOERD, TORRE D7
LLzEEZ NIz, WAL L Daio+ i
DREFRIE, FBHE L TRELHEL TWiz7zD),
FERCTHIINZ EPE L TB ) (KA, 1982), F
7z, W/ NBBAEE Cdh > 72720, KB BHE
IVZBEOERYDVIEH ShTnw/izeEzbh b,
L2 L, BUEORBIBEREMWALREE TIE, &TokH
WCEBM AT 52 LWEETHY, T A%
ENOERMNZIEHAATbIN TS (KA, 1982,
RO - Y5, 1991). WO BAERH TIE, &7T
DEZVIFILENLDITTIE R L, ks hs:
FLEWIC Lo TSN, S 512, #5256
FTRDONDZREDEZ ONS, HIEREBTRS
N7z &9 7R, RMMERNT5Z LIk - TH
bN5LDT, BAFEEOHTHSL I LIZHLWE
%z BNz,

AR M R ERE AR D B S
(BAILY and LAZAROVITS, 2003 ; OkA, 2010) 25,
Al 3R USRS 2 B AR 2 SR SRR &
Nidrolz, BERBICB T 5 HEoRERIL, E+
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%#20cm & L T200L x AR L E 0812 & 0, 160kg
e/ mEERENSD, HIERBTIEHRATS5kg
A/ dOAEWE R L7225, Ziud, EEICH
HybE1kgy/ dFERbETHY, S5kg/ D
AW, TEERO1BUTFICHYT 2EIGEE
v, HEIZX 2R K o THEBY ORI R/ S
Nl bl e2EL, HH - RI001989) 1%, A
W ZFRTALIZR=I3=KRy MIT X ¥ %2
L, TOXy M aWBICBET 2 LT, Hinr
PHIL72e CoZ &, ARMESEICHHTAZ
ETHEYRERZIHIL ) 22 L E2RET DA, H
WY OL & TIIMBREEROMC R I L 21
TGRS BSSNL20, THTO X ) KR
B e CTld, SO X9 ERNN LM 2R
HZEWFHLWEEZ BNS,

Dk, EREE A TR T & W
ERHY, Tz, BRTEXLYLATD, HERKHR
SRV LELEEZ SN, Lo T, i
05 O RBBIERAT 2 BT, AEWEHNIZE > T
WAUEREZ BT 52 21, BIEMICELWEZ
ZbNiz,

8) THEEE DR

sa)V¥s ) 37 %4, DDAHANTT X F Dl
TEREICE LWAIRE R L., SR oRRIZ, ©
WKL ARE, My FavRIcrbsreEZ
b, EAEREICH T A HIBEAOR SR S
720 L L, TIEEEZERANIAMGAEATE <, IR
T AVEEIZRER D5, S HIT, HIEBEAORR
(AR IC X - T3 % Z & (VERHAGEN et al.,
1996), HRE T 24PN HIERTA 2L, L
B E R OB O 72 DI\ BRI $ 2 LEX D 5
Cenlns, WEMEwISS L TERTAZ LR
L v

T A L LCidzavE sy v, D-DAIZY
ThHLE, AFNVAVFFITA—FEEET S
metam-sodium (C,H,NaS,) %= &b & % (L1 et al.,
20060), A VF AT A= WML, T T T FFHEWIC
GEhsarvay /L=t bAEKENS
(MORANT et al, 2008) 728, 7 7 F B ok
FFR, ZOKRI DT ERAAL EITE - THEHE
(LARKIN and GRIFFIN, 2007) %+ ~F =7 (LORD et
al, 2011) 2RI TX L Z EHPME I N T 5,
ANGUS 5 (1994) 1%, F % R IT &L 2 T A F A

P& F % Bio-fumigation (W) & A fHT 726
GHROMIERENLETH BN, T REDTT
7 FRHEM OWE~NOB NI LY, TR 2
TELMENEOLNL RN D E Z Sz,

Dk, AR OA, &L hEEzg,
WIEY O #AERE %2 W#T 57200 FK & LT
i, BENTRERVEEZ DN, MEYWOAENE%E
MEFET B 720120, WlEZIT) TEVHERIEZ RS
Nize ZOR, F% 320X H) IZHEREERKRA R 2
FOWREOD 21EW %2 EAT &R EDH D 25
EEZ BNz,

V. #BEER

1. EEEE - RFAREIEOEYM

BECEZG L7 X918, #IERE Y &L B o 1
AW (L rF oy, TEURER, R, Th
DS o L3 ) L OB L o TR % &
ZExobhlze FAZXDLHIT, #E K > THIE
FOA AT RER)MWHET B L EZOoNAMED b
Holzns, ToOWEL, TIEARYOMFEIZL ST
TIEMAEY ORI & 7 B RFEFWMD L, Thice
b %o THAW N A F = 2D L 72 REMEAYE 2.
bNze ThbbH, SRED LN HEEIC X AR
i, WIS L TR O EAER & A ed7z,
Dbk Z s, MVEWREZBT 2 TIEEWH
FEDOEENEE & BT, WEZAT) 2 L OEEMEAUR
eIz, TR, AREWEH D HEO LY
T LM TH DA, KB EAT BV CA
WTHHTAZ LMLV EEZ RS, THIIH
L, W X 2080 E1E, Z020 ~40%725, Bo
R, MR O REEL 222 & & LR U
ENbHEVHIRAED DY (JOONSON et al, 2006), 1k
WHE T, 1EW LTI, WIS R L
DYEBMEMBER» MBI ND LEZ LML,
B, TEFE D 1P~ asn s L3, 15
WFRFEDS LI AP KA TRBITIER IR EZ v
LEZLNS,

2. WIEFRICXHT 2 EEREEOZE

e U7 EAR R (55 6 II~45 8 ) & k12, 7
YA, VX ATAE, aLFOENITHEEZER L
(5163%) o ZDYfr, 2 4FMmIEOIEN U MR X 1 4,
SEWVEDOVERF T HIFEIE 24E & Lz 7 W A4 134k
IR 3 4 (4 4EH RIS 1 B a8z & A
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F16R ToHA. Do HAE. ALXOERFURER.

BE 14 24 34

T YA NN AN A
BARZ+

ey AR H

O

REBARY £
B+
ey AR H

T HAE

O O

O O 0|0 OO0

aLF WEBARY £
BR7+
fey ARl

O

* 55 6 ~5 8 i HAERK.

EThHY, VoA BT L ~ 34, 32
FILENE~EA T RS 2 DG GV L oz, LTz
o T, SRIOFAED OHEE S NIZHIERRTH S
FUHA -V yHAE - TLX - 2L FOVEFITIE
Fix, BAEMOBEREDREFEEL EE L T
LN RTHBEELZ LN,

AT T SR Twz 7 U 113, #ER
BRCHHEMEREEDOE LWEWTH Y, 4 FRIEAL
T e (At a7 b R SE SRR Yy, 1981) &L & T
Wb, T YA OVEFITRBERE,P 2722 81, 2
WO OMRIZHED W%, H ik, FETREREORE
CEFORBIZEDLDTHA ) —J, MR
THEREESEIY S 5722 A F1x, 24EHEE LT
BVERRICH AR TN Tz, RO T 4 FERT
&, HERILEO X5 2L F i34 5w AE,
2002) 728, BEHWAMEE b2 3w
ZoMNb, T, EELREERETD S IHKIE,
HIEORSEIZ & - THIBT 5720, T AF TS
NbLZENLETH S,

Db X502, T ORI G ER E %
ZELTHATTON W EEZ S5N7275 1960
HERIZIE, FA XV A My F 292X BifpREE
AHAE LR W= AL O RR 2T T
W7z (B, 1969), ZORMLIZIZ, v AH(F A X,
TAX, A7) ORI HEEDS0% 2Bz, <
AHD 4~ 6 EHED TN Tz, ¥4 XY
A My FauhpEE o Tz, LA L, Wi
NOLFAZXVA IV F2T7DOFEETHLIA X,

TAFX, A7 OEE(—F, 1953) T, A#RER
BRI, A AV A MY FahFER LT hE
WDE 2 B NTzo T A F TIEEZE (Cepharosporium
gregatum), A > ¥ TIEIMRIEHE (Fusarium solani) H%
MEE 250, ¥4 X, TXF, 47523
LIREHEIE L, FARXVA My FaypiEs
RORFIUE, CRODOYAFOEEICL ->THHE
LWIIUIE Z & 2 WITREEA S 5, 7272, BEIZHA
R7zE91, FHEHAZ ORI ) 23 SFEY; (1)
WX TR DR D Y, T2, MIEOREKH
Y2 B\ % e 2 e RS X % IRIDURE BE 0 BPA A% 2R
- TWiarwnizd, ZoHIZOWT, Zhll ko
EHETHILIITELR D572

T 72, BIEOTEF TR T, ~ A FHEMEDZIZ,
TIAF LR B —N=DEFIFEND T EHEL
(R, 1969), CHOZEHFA XV A MLy Fay
DHEZBIR L 2R H 720 ¥4 AT A ML
YFaRRIB—N—IIRATEIENTED
B, WHMELRBIENTELRVD, ¥4 XA
YT 2y OIEED SR v =N =% fE
HIFF252LT, FAXTA MY T 27 DINEE
3T 9 % (KUSHIDA et al, 2002), #*%Z @ —/8—
R CH B 5720, ¥ AHOERFIFICE - T
WHEL -2 R L2k H 5. Dbk
I, 1960 Tz~ A EE &, Ik
W OREARSRIL, EIEREEIC X 2 E & RIS
HEIICTRENTWDL EEZ BN,
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3. WIFREROBEHEK
THHETIE, T -V A E-TLF -
TILAFEFRETZHEERRVPEICRHENATS
D, FhoomEERRIE, OFEFITRE, OKEa
LXDOHMEM AL LA, @M EREEIZ
WEINTWREEZON, TV A, VXA
E, IAFXOIEMHBFEZEMTH KM TIE, B
HEOEIEARRITIEEN DD LEEZ LNLA, Wl
SERPMERE L N2, LD E5>hFTh
BOWEL EoOMfERENS AT AR D B TE
o WPEERE RS T 5121, FifEEEAL
ZOVEM OV TR Z G T 2 UBEDBD 5o 1T
JHEOEWEY L LTk, OBWALEE S D,
BIALDSITRECRBBICEEE C&E 5 2 8, QIR
VRN ENET L, T TIE, 7%, B
K ENREEO B AER TR SN TW B8, 5
BhhbIlldbdl, WERREZENLIELITILED
MR CHE SN IV v,
TERMICERERRZ WS LT oiciE, Rid
DEMIER LA EEAT LUEDNH LD, £
DERE LT, BUEBR SN TWwDE 54 X, A —
Fa—r&&dis, FHIEMTH L+ %, exT
VHEZLNDL, 74 XML HEA TV D 21T
ThHL, REBAMETEEL(TI4 I Y 7R T
% Z & (CHENG et al, 2003) T, @&EZxA%MLT %
BEDBHHEEZON, YNVHTL-F 4 ZEKRTIE
A ZXDBEAZEY) I N LA~NDOREPEHEE 6
kg/10a FEFEHI K+ 5 & & 3T & % (VARVEL and
WILHELM, 2003), %72, ¥4 X, Af—ha—V
R VIEAMKBE QAL DY BRI
HERE & 70 2 (FFEE, 2004) 7280, ZhS OFEYoEA
GO EM O AT EZ 1) L SE 50D H 5,
FE AT, FVay ) L— bk EDORSHTIER
E A UIHT % “Bio-fumigation” MR ENTH
) (ANGUS et al, 1994), F % F % WfEIEAT 5 2
EAZ XD 1IN E R OB ERRI O %035 W HEEED
B 5bo WlEIC & o THIERE 2T 57201213,
FlEm 2 8A L Tl EREZRST52 L, 744
o U ERUEMEIEE LD AEM A EAT AL
WEREE Z b,
EDRFED —DTH 5 HNHEFHZOWTIE, F&
EBILEDSL VT VA R 3 AFXFOEMTHRT
HHHo 7272, AAFFREIL C/N AE V20,
PRG-I X 2 EBRIRICEEILETH L, T2,

O A FWHEEHICT L FEERT LRVEEICE,
IAAFLFR7u—N—OREDL, TEARYOMG
WCHMTHEEEZ NG 272, S ORERIIH -
29I, FA XOEFRFERERINC & o T 13
DEZENELEIND L) EZHITIE, BUETILEE
MBEINTEY, EFEBEEREL M ATHIZLS
SRNERZ R LA, 74 AEFHTIcE- T
HERPETTL2WEEEDL DD 9 %,

S, BN ZEIERREZRRTAHZIETER
Mo7edS, BEMEEAT 5% &L Tl Eit &
(T B epTENL, L) EERERICH L TR
E LR R T DRSS H L LEEZD
N7zo F7z, EWRIROBRICIE, ESICX26HY
BILEICOBEETIULENDH L EEZ BN,

V. ®E

WAHEFEZ BN E LT Tb N S EEICIE, (LiE
BATRIRBFTERVRRYRD ), TORE LTI
HAEREOERKICH D EE R 6N b AR,
VEREH D RIN & Wl EARRANDOEEZ N 50T 5 2
ExHME L TT o 720 deiliE o+ B5 b 5 Yk
BT, ORI S e R 2 B i 15
5 ELBIT, OICAERAT - 72V EY AR 5
HAERE QR & RN 2R L, O E DR
PRI AT RHBIT DOV TGS L 720

1. T BT BBHIERROBER

WVEAR 2 BRICHEE § 5720, TR
FREMOPROER 7 LG EMX), BARZ +(GEE
X)), 1B fCH 4 (P LX) CrERHT &% 47T -
720 BHLEIZOWT, H120ha (576 X 576m x4 [X i)
DOVERHFEW %, 19834 ~ 199012 AL L 720 £ 4E
BEOERHT A MBI L, H—fERHT T %
FEOXWIZ X5 L2tk £XEomfELzHmL, <€
no%7F—8~N—2{L L7z

BRI o IR REER 7 TR
23ha, BARZ 1+ TH29ha, WL THISha TH Y,
AFEN O EN T EHH RN S o 2. Kt
BEbTFUH A, Vv AE, T AFOEMNITHE
WED o 7205, WERRy L TEAL—ba—
BRI ETRTAF, A vF7 Yy, Bkt Tz
FH, 7T AFOEFITHED R o7,
COMBITB T, 1L D 1EF I 0%,
Ve B VA T I O CRFET 5 2 L THRINT



T TSR B T B HVEY D BRI SR & AR E T O AT 53

&% R IETEOEBLHRAT S LT, fFIEL
I DAERHTIERE OBUZEA L, DL OB 1355 &
%5h720, SEMOVEITIHF %2, 3 FEHOVER T
W (LLF,  S4EfERHI N F — 2 &9 5) 1208 LT
Rt 24T o 720 BRI NS — VIZ O DRI AE
MR 21X, OF v A4 -YrF A4 E-a3LFL,
TV T HAE, VXHTAETE-TLF)IZEo
TSNS, 612, @V ¥ A E-TLF -7
YA, @QALF -F A -V T4 ELE V) 3
FAERT Y — 8T 206, O, @, @%H
HICHET A ET, aAX-F U4 -IUxHA
E-TLF-F ¥ A L0 VST IEEDSIEAET 5
EEZLIENTE DL, ZOVEHTIERIZ, wE)&
RBEOHBIERBRI LAY - F A B L TWw 5
7280, WVERREALTIENTESL, TOERN
D&, MEIEAEHER 3FEMEFI 8y — 0 %
WA A & TRIERRZHEE L7z

% SAEMEMN T 87 — v OIREL, 4EEE S R
L7z AHATIE 8 LM ORI & 2 DTG DS
Hitsh s z0, 2200 3EMEMNT Y — 2 Ol
Fihs6 KGN Sz 6 RAED 34EMERF1F /85 —
Y OHFEIZOWT, Pl & B fafce ml L7z,
BEREDMCN 3R T 37 — %, MBS
%<, o, WD EEEZ IR L7z, ZEHRELOL
TO3EMMNT Sy = 2L, EEL 3EMEN
Xy =& L7

%43 L B2 H (145 ~ H49FHH) O 3 AEMEN LT3
§ — DR L7278, B8 38 — Vi,
FOER 7 Lo12fE, BAZ L CI0ME, Bk
WL CTI2HE L E L e oTze TNHOFEER
SEMERT Ny — Y OHRKIL, REER7 1 TH
53%, A7 1 TH38%, ikt TH20% % &
W7z INHOIEMENITZEEL2E A, ki
HRZ L TROF VWA -V AL E-asF, @
FUHAL -V AL E-TLF-aLF, @F Y
£ =TxNTAE-AAL—bT—r-a2rF%, BXR
7+ TIR@QF A - VY HAE-aLF-aLF
RWEARRE LTHETHI LN TEZ, L2L,
S+ TSR & A 8 B VRN I 1377
L ho720 IO DWIERREMR T 5 EE 4
ST O Z 5 5 &, REERRS 1 TH
50%, HARZ +THZ2% E o7z

e L7l Ef %, PR & Rk, OF
HFEREORZEMEWIZ X > THI S, @34 F

OFEMEMBRE S NS Z LBl shizEEZbh
7oo 7272, BMEOHE LIV T VA, YA E,
I AXOET LRS- 72720, kR D X
D HAAEL Tz, S OmERRIZT AT o
Giez o, AR ENRAE T L WRENE D E 2 b7z,

2. EEEEORERE L 7 OERBEMTO®RE

VRSV A TR IERN T R DB o 727 v 4
£, V¥ HAE, FA4X, TA¥, ar¥F(Hika
AF) %, 19804F~ 19954 (2 =M TR L7z, %
PEMRE U CILERX & 30, 1 XU IEX, 101X
EEX & U7z BRfEX &l IR IXE, b2z
DIRTHIE U Tze BAEXIIE, FREE L N — 27 HE
% Zzh2nl5, 3, 5kg/ niliHl¥ %X %% 7,
104E DL E o A#E <, HRosukihtisg®, )
YR E ORI L 72,

TR AL X 19904F LARE I BAAG L 720 il
X121, ZREEEZZ2Nn0, 15 3kg/ niftiH
L7z ¥4 X, 7 X% TIZ19904E ~ 1995412 D-D #I
EHL, 7oA, N4 Ya, aAFTIZI91
FE~19934E 27 IV E 2 1) ¥ &, 19944F ~ 19954F
\ZD-D Al & fiH L7z

VEM & LA, T3 5 HUR R A2 B L 1993 ~
19944F @ 13 D W AGREFE 7 (BUKHmb k& 3%, ) ~
B, BV L) RWE L. BokiBETEEFIE,
NEF (=A< REFER) LBEFRIGTEV. HIEC
Lo TEDWD L7z, BB I TIERRE R DI A
L7z, SRR EDSR S 52 h e Lize H1EW
DOMAEIC X 2 WL, PR % GRS IR X + e
X % 100) THEF L 720

WA, AP & TR OB WG 5 72
b, EEEIELE Lo 2475 720 it
DOIF N OREEX TH D, AL CIRPL (i
RS 7 &) DEETH > 720 T D5 EIATIZ LA
DHBEETIIRL, RBXOBBEMF L2 L1k
%o

7 YA OEMEREEIEE L, IR o p R
&, BRI A50% A L7z, F 72, #HAEI0X
TIIMRIE 9% (Rhizoctonia solani AG-2-2) 51985 ~ 1990
ICHE LTz, BRIZZ OV E 2 ) VX B i
X CHIE L7245, D-D #l % i L724E 8T,
et IR IX & IR TNEO R R SN h o720 A
W IX 12 350F B R g, SRERGRIUNIE &%
L, CoRBiE, ABRYMOMERMAICE->T, L



54 At FESERT e & > ¥ — Wi e i 5520175 (2013)

BMICEGSHERB L0 EZ BN,

WVESME (REX & 2 a v 7 ) VHEHIX), e
Zeth GREAEX BEX & AR X) DO iz B nT
b, 7V A ofiElE, HEOHUKIMMER OB
WCEb o THIML7z. Lo L, SfEdt: & dfEsg
fECid, Bk ER R ORI S IR
olze TIEFGFVEBEOY G, W& IR
X0y, EIEEMTHIKS kol o T, HfE
WX R OWAIE, HEERSOERTTERL, T
YA DOEGWIOIMME T LA2Z LICHk Lz L%
ZHNIze TOEBPWINOKTIRZOVES ) »
WX o TR SN2 E05, EWRENISERN S
LEEZLNTZ,

F U A OBAEX TIX, Rhizoctonai solani AG-2-2
2 X BARIEIHE AL L7228, HAE124E H DA, 589
EHRONGE %Y, ERBESREL-EEZLR
720 LU, MUEHATERLZRNCY, HEIEX O
PEEZEAL, 7aL¥y ) ViHIX TE ORI
WM L7z L7225-C, dfEIC X 230U, RS
WUS O gAY E SN E 2 b, B
oG5, ZOROBRDFERD—> & LT,
Aphanomyces JEW D FEENE 2 LTz,

TXHAETIE, FvT IR OZEAILERERD R
ZBLUThOENE ol B BEITHEMEX THA L,
AEEWRAIX, TEEZRXTEmLz28 7r 7
i E DB Z R L7z 7 v 7 VIEDEE DT
MEolzZ iy, TOLVWLEEF VT UM
WO BELEZ b, TG T YT
P L OBfRIE, 7oA ERERTH Y, SRR
TIERA T LA DH > 720 Thbh, Jx
A EZWNET S EITXAHID, EWERISE
W72 EATRE S N7z,

VX A EOEERXTE ) DIRHBFEELZD, &
BRI MR & 2 ), HRBZ o
WREMEDSE 2 Gz, €9 RmAREE X N — 7 HE
JEHEAIC L D o THML 7225, SIS EHRERE
YDOETICHEIWEEZbNZ, 7uLl
70 EE) PIRCIRE IR S o 7zs, Thi
TIE pH BNEh ooz E 2 5z,

¥4 X Tlid, 19834FE~ 19854F, B X UN19894F LA
R V2 AR BRIX D A3 L < 72 o 720 19834F ~
19844E1, 4 AV A bt v F 27 OINEEDE L,
Yy F a7 EILL o THEX D 5 A4 ZDIEDIHAD
LizeEz o LaL, 19874, 4 X

A My FayOINEZEIRILTBY, Fhule
b o THERDF A ADWEDEHE L EZ 25
n7,

19894ELLKE, & A X Wit (A B X C 7 OVk
A L7z D-D #ljta X QWAL T EX L O 2 7R~ L
7275, D-D FMiH X oL, & v F 2 78yt
i [ MIaAR] A LAEEICHLRD SN,
L7235 T, DDAIEE YL v F 27 DAohEIC
L£oT, FAAONEEZHMEE-LEZON, Z
® D-D Hl OB R, TSRO ML
T AR LML SN T VB T RREFZ ORI
K& WIS 2R RICED L EEZ BN, ¥4 XD
INEIXTIEDO A ) 7 AEE EMEE D 57205, 7
) AEEAMR N — 2 HERR A B L 72 X & BRAh5
b, B8R4 ANRICHBELHBENA LN,
Thbb, ZORMOF A ZoEITTIERGITK
XLBEN, DDA HESERIENTLI LT
HWET A ZOWNEZER L 72 EZ Nz, Thb
DO Enn, 104 EHEEL2Y A XA ClE, #sE
FONA A RAER) OWIT X o TRILL 72T hetk
BEZ BNz,

7 X FHAEX ORI, T A L EREICEL
<, TOWPIHEERICHKTLLEELZDNT,
D-D #HEH X T, 7 X & O EEX R HE L
722, DDAIDS, HEREROBHEIMET St
VF A BEERKNT S L THEIEROEE LI
A, TORER, WELNBEL-LEZ N, B,
D-D #BG L, 74 XV A by F a7 38
WEBHLTW2D, ZO/BEEICFSy AL
Lty Fa I EH Lz E 2z b7,

Bk 2 ¥ TR, EEXOBMIPUIEMTH > 720
F72, zuner ) ViHoOBEL RN ko7
729, 104FELL EOEEDO L TIEAM I ZERIZ X 5L
BAOWBI b ol EZ b0, T LFICE
FAHUMBROFEAERIZEAER SN Do 7275,
19VEDO 7 TV E 7)) VI & > CTIUEMim 58 E
L7z ens, HFET LT ORI EDRERIZ
FoEflshCTwieEz oM, I 4 F LR
Fo TN LIZS WEm EE 2 5 b2, duildElx
MRAEBOREE W TH L 720, K% s X%k
L723%A00E, BEWAREE 2 5 R0 H - 726

PED XS, 7% A4, V¥ HAE, TAFD
BRI X BRI RO AW ERNSGER Lz &%
ZONe =, VX A4 ETIE HEIEICX BRI



T TSR B T B HVEY D BRI SR & AR E T O AT 55

(L ILR IR 7Z - 7248, B ORE sl 2 KT S &
BHE)MWIRDVFE LTz 74 XL, #EMINICIE S
AZXY ALY F 27128 o THIL 7228, 104E 8L
FEEL 7B TIEIIEER, Tabb, LAY
DR HEENA A AER)OBIIZL - T,
WL 72 &E 2 bz, FRiFaLFTIE, WIGEEE
FEMTH Y, @AELI0ME H IR Tl TR 0523
bEONLD o7z, UL, #EAELEH I T
X CURRAFE L2 &g, RBX HIEOMEY
P X o> TR H SN T 722 L E2REL,
BELZBE I LX L TEOEYHEIC L - TEES
NTwcetEzx oM, $42bh, #HIEI X SR
DOREZR R 57225, WINO/EY & @ik L7256
TS, HEOAYEIEEIN-EEZ LN, KR
WFZE TOMIEIC X 2 IR IE, 2637 L b B H
He—H L eh o705, FORERNDO—2L LT, W
P2 B B e R o5 B 2 AR 3 5 #k %
FRHZ OG- E 2 bz,

VEW ISRk R AR 5 IS L, 2hb
OWEIZ & - TGEBESNLHPIE THRE] LIFdh
%o M SNEWEOME I, 1EWICL->THRLRS
720, FEEOIEEHEIETAZ LICE T, FED
T RN AR H Y, HEC Lo Th
BORER R EOF ERMBAYSHIN L 2R,
BENRZ D EEZOND, LEHHERL, kL
DIFNEFREINC L > THEEKRLZENTE, FL
YEMI AR OMERH S NZBRS, BT A2 20T
b0 1o T, AIEREEDRKD 1 D1, THERER
Thb, HEREIL, RO (B2 IXTEBH
SR TR EOEY AR L o TIE, %
EPIZ oNBGEVBH L, T2, RUurx#EELL
BED X, WAEMIPRET 21354 A AEFED
ﬁ&tiofjwmttk%i%héﬁA%%oto
DEn XSz WO EPSEM T CRAET S
VERE 51, i%%imv LoD =y A BE R S ]
THHLLEZ NI,

AW X o THEIEEY O PR 258 L 72
A, CORPITEN TS L TREMIHEH L&
EZObNT. HRWEIEE VR AU vLaRE
DEGFEMWRT L2 TR, MAEHO AN F—
B REIMET L7720, TOMEL LTS
FYABREMIET 2R DL EEZ LN, &
7o, T3S R S SRR OMAEDEIZ L -
T, HfEREEN R E L CRIRNTH o720 LA,

INSOMHIT TR0 5720, O KRB
B R CHERE 2 N3 2 HEN 2 FEE LTH
HTaZeZ2FHLVWEEZ N, BFEN T
HEREE 2 Mg 5 e LT, WEARR Z R
THIENBEHLEZHNZ,

3. TEEOmEFROXELE

ARWE7E CTHEE L 72V EAR R TOMER T RS, T
VHA(SFE) STV HTAE(1~24F) > L F(H
fE~24)Thotze Thbb, HIEREDE LW
7 A TR RE L, 29 Tldhwvwa
FTIX2EHEELAONL L, WIEERIL, #1EF
YWoOHEEREOREIZREEEINLEZLN
720

1960411, HAERESHE L 22 < AHHD 4
~ 5 AEHEE SR ITIHE SR S Tz, L
ML, O AFHOEMEETIE, ¥4 AT A MY
Fa DRSS H L &, @~ A FHHEE
DB, TA RV A MY F 2 OBERZLT &4,
BUEWICAHBY Z GG LD 2R 7 u— - D=
ARHRIEAHR S TwzZ &R &0 5, 19604E48
D= ARHENED, HAERE L EE L EMS TR
7Eo 72 REEAYE 2 H Tz,
AWFZETHERE L 72wt EfR R, OFBI2S4 4L
{, @arFifezr iz, HIERENEAET S
TREED S B L E 2 bz, WlERREZU®HET 512
1, EREASRISRBUBRES 230 8 7 8 72 = VEH) %2 35
AL, WlEEHA RS TALENH L LEZ BN,
ZFOFERIE LTIEFA R, AL —Fha—r, <Y
V), RN RARBE I N T L I AR E
MBEZONTz, WHEMFT 57201218, < A Mk
JEOEA SRR TH L EEZHNTZ

& O

A3 H O A O TR R e

B RFIIZERHE R CAE335% ) 2 2RI L 72 0T
Hbo

FALE L DMWY L OIZH 2o TE, HEETLK
FRPIRBI PR IR L3RR 2 5 THE %
WU, KRR B AR L, AR
FRAATREBAR NI S L, TR TR
S L, R RN — B T AR B
b NCAHE RS 2 W72 niz,

HAERRERIE, YA IR RSR AR 1 iFFEE AMH



56 At FESERT e & > ¥ — Wi e i 5520175 (2013)

WM U72AS, DARMARCCE ISR, VR B A 1A
RAFE%E (19894F ~ 19924F ), MIERFZE & >~ & — 4
FEH AT HE 78 F — 2 (19934F ~ 19954F) A3#H 24 L 72,
BTN TR, BrHERE, R, R
B, AL SHB—, EOFA, THROE B
WsFRThH Y, 7oA BRERIENEER, 514X
VA MR YF oI 3SR, K, MR, g A
FALMIF I AR EZA, HEEM T O % KA L 72 (B
PRAWE) . F72, 7 v A OBEG T A E .+
T 3 BRI T AERNC, I IS R S R
R G 2 EERHEIT R T IR L 720 A FC
B L TR (i E A B —~ I BT 9 > 8 —)
DEBRERICTH 20T, 72, EERER
BATIZN 725 TUE, PHRENI B\ TGRS R
L EiE e LT, THEE W nw, 22
RLTHEEZET S,

5| A3k

1) MR 2004) © ¥ A M v F 27 O EEE
PG, AR S, > <1E. P.94-95.

2) ARFEIFIRE, EAEFE(2002) © ALiEEICBT 50
VEW O W8 - e ORI 75 TR R & &
F LWI/EERR, &y, 56, 109-115.

3) AR, W (1964) BT A EFE
MAG I OMEFEICHET 5 2, 30EE. i
AHek, 83, 64-70.

4) REFPTER(1983) © TR 12 B 5 TS
e VR, AR, 136, 63-85.

5) ANGUS, J. F., P. A. GARDNER, J. A.
KIRKEGAARD and J. M. DESMARCHELIER
(1994) : Biofumigation : Isothiocyanates
released from Brassica roots inhibit growth of
the take-all fungus. Plant and Soil, 162, 107-
112.

6) AUGERE, InEEr(1982) © TN E T ES T
BRSO b= b OEFIPRIC LTS RE
Bl EEHEAEPTEES LTI AT b
DEBWNEI KT, BRRRATHR, 14,
154-161.

7) EIHZEH, RIGE(1965) ¢ MEREIC BT B HEiE
Ve A G DRI 20198 6 1R
NEFOMEIZ L D54 XY A MRV F 27O
. JuEilsed, 87, 66-73.

8) kBT, IR, KT, AIGERE(1983)

DR E RS TIER LN PR P OAFE
PR RUT T 8 B2 s HIERUE
WAHOZEAL R O RFHOEE - WEITKITTR
B EBARREME, 15, 216-222.

9) B 198L) © 7y ABEIHB LY v 7
A4 ERD STHOBGBRIZE T 20878, AtiEE 7 =
Ak, 35, 1-74.

10) BaLEy, K. L. and G. LAZAROVITS(2003) :
Suppressing soil-borne diseases with residue
management and organic amendments. Soil
& Tillage Research, 72, 169-180.

11) BErRNARD, E. C., L. H. SELF and D. D.
TYLER(1996) : Fungal parasitism of soybean
cyst nematode, Heterodera glycines(Nemata :
Heteroderidae), in differing cropping-tillage
regimes. Applied Soil Ecology, 5, 57-70.

12) CHAKRABORTY, S. (1983) : Population
dynamics of Amoebae in soils suppressive and
non - suppressive to wheat take-all. Soil
Biology & Biochemistry, 15, 661-664.

13) CHAPON, A., A. GUILLERM, L. DELALANDE,
L. LEBRETON and A. SARNIGUET(2002) :
Dominant colonisation of wheat roots by
Pseudomonas fluorescens Pf29A and selection of
the indigenous microflora in the presence of
the take-all fungus. European Journal of
Plant Pathology, 108, 449-459.

14) CHEN, F. and S. CHEN(2002) : Mycofloras in
cysts, females, and eggs of the soybean cyst
nematode in Minnesota. Applied Soil
Ecology, 19, 35-50.

15) CHEN, S. and X. Z. L1u(2005) : Control of
the soybean cyst nematode by the fungi
Hirsutella rhossiliensis and Hirsutella minnesotensis
in greenhouse studies. Biological Control,
32, 208-219.

16) CHENG, W., D. W. JOHNSON and S. Fu(2003) :
Rhizosphere effects on decomposition controls
of plant species, phenology, and fertilization.
Soil Sci. Soc. Am. ]J., 67, 1418-1427.

17) T3—3(1982) © 7 A ¥ H IS O B %
REgE 1 Ptk S AR BT R EUE
W, 48, 56-63.

18) Curtwoopn, D. J. (2002) : Phytochemical



T TSR B T B HVEY D BRI SR & AR E T O AT 57

based strategies for nematode control.
Annual Review of Phytopathology, 40, 221-
249.

19) CHOUDHARY, D. K. and B. N. JoHRI(2009) :
Interactionsof Bacillus spp. and plants - With
special reference to induced systemic
resistance (ISR). Microbiological Research,
164, 493-513.

20) Cook, R. J. (2003) : Take-all of wheat.
Physiological and Molecular Plant Pathology,
62, 73-86.

21) CoOPER, G. K. and C. 1. NITSCHE(1985) :
a -Terthienyl, phototoxic allelochemical :
Review of research on its mechanism of
action. Bioorganic Chemistry, 13, 362-374.

22) DE NEVE, S., G. CSITARL, J. SALOMEZ and G.
HorMAN (2004) : Quantification of the effect of
fumigation on short- and long-term nitrogen
mineralization and nitrification in different
soils. J. Environ. Qual, 33, 1647-1652.

23) DoNALD, P. A., P. E. PiERsoN, S. K.
St. MARTIN, P. R. SELLERS, G. R. NOEL, A.
E. MacGuIDWIN, J. Facuiuai, V. R.
FERrrIiS, C. R. GRAU, D. ]J. JARDINE, H.
MELAKEBERHAN, T. L. NiBLACK, W. C.
STIENSTRA, G. L. TyrLkaA, T. A. WHEELER
and D. S. WyYsSoNG(2006) : Assessing
Heterodera glycines - Resistant and susceptible
cultivar yield response. J. Nematol, 38, 76-
82.

24) HEIRFENE (2000) @ HARE RSB Y ) — X T
Luaxy — fuEWEOER &R, RS
L.

25) MEATEEZ (1990) @ ¥4 A7 H Lty F a7l
B RKIROBE DR & Pikrik. 5% =R,
31, 43-58.

26) TRIFEAL, SROKAE, SRS, HIPOE, R —
(1953) : KE.OWIRIHR (Heterodera marioni(Conu)
Goody) DB BRICBI 3 285 £ 1# DD @
BAFNRZOWT, BRI A, 4, 19-
22.

27) VB, AR (1983) 1 NV A v aZ )
N OBRERIBIBRIZEICBI 3 20178, B2 Rk
HERE & R #HE O BE I X 2 5 EHIRI R, LS

AR, 46, 63-70.

28) WREINOG, FHAEAE(1981) 1 A 7 BB
S PIIE 32 30T B 90 R A ORI O A - D 563
RHAE & T3y, HAWRR, 47, 42-49.

29) dRILG, KRAIHIESE, F2IR&4E (1979) b
EAL I VAT B A 77 BUB I FE D IR
IR 3 HAEGsH, 45, 608-617.

30) FRHEIR (1974) @ AFRICBUF 24 7H Ly Fa
v7 Pratylenchus spp. OB 7540 . Ju R,
17, 139-224.

31) GuLLino, M. L., A. MINUTO, G. GILARDI,
A. GARBALDI, H. AJwWA and T. DUAFALA
(2002) : Efficacy of preplant soil fumigation
with chloropicrin for tomato production in
Italy. Crop Protection, 21, 741-749.

32) MER—, MEKE, HRRER(1982) 1 =Y
VEEHIIBITAXFIA T LY T 2T DS
AHEE <Y =TV FOBEARE. THER
Wk, 23, 21-29.

33) EAEEZ, AHES, FEAE—, P, L
B3 (1983) : N A F A O HAEREEIZ B9 A B
78 (1) — #AEREOFERRIZOVWT -, KB
R, 20, 1-10.

34) WEARFEE, g, LS (1971)  ERTE K
K 13812 3307 2 BN R4, U ek,
16, 25-61.

35) MEARHH ., RRIEARS, AHET, K E
RS, EGEEER(1988) © IKPUAEFRRE D 7%
5 A ZGHEOMIEIC X B EF - PR SO
TA XV A by F oy BEOLEE). RILER
iRk, 78, 1-14.

36) HEER (1984) 1 Hh 5 12 35 1) 2 BEAIS8AE D MR
Wi, JCRANIEE R, 26, 55-106.

37) IR (1982) : AHEMEA T3 oM ) EF N
ZEF. HIERE, 53, 214-218.

38) “PEFBE(1977) M O ERE S, RSCHH. WO
P. 13-27.

39) REIGFIER (1986) © @LUREZ:. JBHMEI NS K7y
7 WERESH. IWHREINY Ty 70 EBE
. B P 202-210.

40) AtifgE 370 5L R S SR (1981) « MR o -
WVEICB 3 2 R E. JLRERER, 3,
1-89.

41) ARMEA (1983) : Gaeumannomyces (2 I ¥ 37K



58 At FESERT e & > ¥ — Wi e i 5520175 (2013)

W) . AL EY o 138N E. dbigE
MVEY o 8w ET 4T, AL P. 117-126.
42) R¥Rg, IUFRE, NlEE (2000)  xTHURLY)
LB A4 aDF AT Ly F 2 HE
PRI R OMRES. )L BRI, 68, 13-19.

43) B WA (1983) : Rhizoctonia (1) ' 7 = T ¥
W) 7 ¥ A BEHOTLRBIG. b E e
O AR E. ALiEEMEY O IR ETATA.
ALIBE. P. 369-378.

44) HHRTHGH, FIR A (1982a) @ 7 » 4 A B
FEAI I BT BRI IR B & O RAZ O
el & LCoE. HApmk, 48, 628-633.

45) EHRTWH, FIHAE A (1982b) @ AR 7~
P AR OTR, L RRBEFAEBFRCALE, 13,
445-454.

46) EMTEET, AL, SRR A (1983) ¢ SN AR
BED S 7% 2 MIBIZ B % 7 A BUEIH I O T
BoEAFEWET]. HEwRER, 49, 18-21.

47) —F$:(1953) : K9G W Heterodera glycines @
MW AEIC oW T, bR, 64, 113
124.

48) —F 1 (19552) : KEMBOIELRE L 5 I HERE
B A AF7E. dbRAGed, 68, 1-64.

49) —F £ (1955b) : REMBEOBEHEEIZH T 5
ige 1. REO#E & FEMRHEIZOWTO
—Hige. oAk, 48, 67-70.

50) INAGAKI, H. (1984) : Studies on the ecology
and control of the potato cyst nematode,
Globodera rostochiensis. b 22 Wk, 139, 73-
144.

51) Fi&E56(2003) © HFE—FHAEBHR AGRER
M. BRI OEYF. RIS, WL P
225-237.

52) FFEWM, BEHPFE(1967) @ S o MEREIZ
B9 2 WEge (5130 #FE O AR I X 2 PR
DIFERE LA E OB, HERE, 38, 345
350.

53) IsLaM, M. T. (2008) : Disruption of
ultrastructure and cytoskeletal network is
involved with biocontrol of damping-off
pathogen Aphanomyces cochlioides by Lysobacter
sp. strain SB-K88. Biological Control, 46,
312-321.

54) FHEEE, EEFIF(1980) @ IENv L ¥ TARA

IR R D 53 2 & A 72 % WHE B o 38
. dvgd, 47 (6), 1322

55) JENKINSON, D. S. (1991) : The rothamsted
long-term experiments : Are they still of use?
Agron. J., 83, 2-10.

56) JOHNSON, J. M. -F.,R. R. ALLMARAS and D.
C. REICOSKY(2006) : Estimating source
carbon from crop residues, roots and
rhizodeposits using the National Grain-Yield
Database. Agron. J., 98, 622-636.

57) FeIlisE =, FIAEAL, PR =AB, 11117122 (1982) |
A A OHAERE S & Pythium spp. OB, H
i, 48, 333-335.

58) SN, RIHIE®E, %W K (1998) « #FEW
DML B4 F V70 a Ty F 2l
B, wRBEAEHR, 27, 53-60.

59) RO (2004) @ WEICBIT AT — N AF 2
7 — WA OB L EW DA EF IS 505
deifEE R, 179, 1-71.

60) Pz, BAIHBIE, SARHER, ik RX,
HrilE—, NHESCHE(2001) @ R 7 HIHIC B
% £ TEATHEN) O 204F [ 2SVE AR 72 © DN
TIEPAL AP KT R MR B R,
50, 79-91.

61) MRS, KARH T (1967) @ TAZEDHEEIZ
B3 %R b, 34 (8), 1-19.

62) DM, AR HE, R4, WA F (1985)
TR B IEE S < FOEFIN
HICKITTHE F4m TENESTIEES
BLUOHEHMBEROAT - WERICKITTHE &
AR DR, 17, 296-305.

63) NITEE=AR(1977) « T3P itam. #EE . HOl

64) F#bSE—(1981) @ THH 2B 1T 5 TIEEAX
B E 2 O IEY RS RAOIGH. T8,
34, 1-118.

65) AMMA, FHERY, HErhE HFARE &
JEUABCA, IR IESE (1990) :EED AT TR VT 2
7 HEHUEB AR % 3R (55 2 ) AR
MOAH, RIEME, WEICKITTRE FH
AR aii R, 22, 231-239.

66) KING, R. R. and L. A. CALHOUN(2009) :
The thaxtomin phytotoxins : Sources,
synthesis, biosynthesis, biotransformation
and biological activity. Phytochemistry, 70,



67)

T TSR B T B HVEY D BRI SR & AR E T O AT 59

833-841.
R (1998) © H AR &R F . 4zl
NHEEWHZ. B

68) KLOSE, S., V. ACOSTA-MARTINEZ and H. A.

AjwA (2006) : Microbial community
composition and enzyme activities in a sandy
loam soil after fumigation with methyl
bromide or alternative biocides. Soil Biology
& Biochemistry, 38, 1243-1254.

69) /IMRELSS (1983) : Cephalosporium (7 A 3 ¥4 395

70)

71)

72)

73)

74)

75)

76)

&N FRBUFW) HREAEEL i E e
O 43RG E. ALiEEMEY O 38R HETAT A,
ALIBE. P. 203-213.

KoBAayasHI, K. and T. U1(1979) :
Phytotoxicity and antimicrobial activity of
Graminin A, produced by Cephalosporium
gramineum, the causal agent of Cephalosporium

stripe disease of wheat. Physiological Plant
Pathology, 14, 129-133.

B H.(1978) « #AERE ORI &0k 2O
WERFRER, RMOKESAMIEY v —TF L,

1(3/4), 25-28.

B H.(1983) © 38R & 109 2 ZEm Pk 135
EZOMH. BRMRKEHEMIEY v —F b, 6
(7), 11-15.

Kusuipa, A., T. UEHARA and Y. MOMOTA
(2002) : Effect of red clover on hatching and
population of Heterodera glycines (Tylenchida :

Heteroderidae). HARFREHRF35E, 32, 69-76.
LARKIN, R. P., T. S. GRIFFIN(2007) :

Control of soilborne potato diseases using
Brassica green manures. Crop Protection,
26, 1067-1077.

L1, L. Y, T. BARRY, K. MONGAR and P.
WOFFORD (2006) : Modeling methyl
isothiocyanate soil flux and emission ratio
from a field following a chemigation of metam-
sodium. J. Environ. Qual, 35, 707-713.
Liu, B., H. Qiao, L. Huang, H.
BUCHENAUER, Q. HAN, Z. KANG and Y.
GONG (2009) : Biological control of take-all in
wheat by endophytic Bacillus subtilis E1R-j and
potential mode of action. Biological Control,
49, 277-285.

77)

78)

Liu, X. and S. J. HERBERT(2002) : Fifteen
years of research examining cultivation of
continuous soybean in northeast China : A
review. Field Crops Research, 79, 1-7.

Lorp, J., S. L. LAzzeri, H. ]J. ATKINSON
and P. E. URWIN(2011) : Biofumigation for
control of pale potato cyst nematodes :
Activity of Brassica leaf extracts and green
manures on Globodera pallida in vitro and in
soil. J. Agric. Food Chem., 59, 7882-7890.

79) KAHERYS, YR IEAN, A HPRRE, AL (1980) |

80)

81)

82)

MEVEICB S A0F78 11 42482 b 725
- RIS BT A2 ME QIR OHER IS
W, HAE#R, 49, 548-558.

WOBEE, HriEkE(1987a) © & w ) e, 1Y
At O T 23 OMEETEES L OEF IR

(T TIERE. 58, 653-660.
MROIBEE, FrEEHE(1987b) © Zw ) L, 1EY

FRAE DG AV OREETEE S X RO %KIK
W7 a7 RT3 HIEEE 58, 661-670.
ALIBERE, #rHTEHE (1988) @ #AEIZHE D ok
WH 71 7 OLH) ERBFFEEICRITTHEZ v 9
JEREHAD AR, HIERE, 59, 1-11.

83) ARFEIIE (1969) 1 AEREEH — VbW D "M

84)

85)

86)

87)

88)

fEIZOWT —. BRE, 44, 309-312.

AR (2002) @ AF=ON. S E - AR
K. HARORMBD -®i7T—FTAH=
ALZEZDL—. EEHEE HuL P 71-80.
ARG IS, VB, FEPFF(1978) @ 57 5
BT L 7z BERR ORISR IR 7 1 . HIEEE,
49, 443-447.

AR (2009) - FIgH (1. Lk, 76, 143-
149.

FAIRFSF 2 (2009) = 104F BA_E A L 72401 D IX
AT T T E AR OB, HIE
#d, 78, 312-323.

MATSUZAKI, M. (2011) : Farming System
and Management. Edited by Dora Krezhova.
Recent Trends for Enhancing the Diversity
and Quality of Soybean Products. P. 251-
264.
show/title/farming-system-and-management.)

(http://www.intechopen.com/articles/

89) AR, FEARMFE, RAEY, BHE—(19%4a):

7 — #1230 CTlERR O T4 %1



60 At FESERT e & > ¥ — Wi e i 5520175 (2013)

o L 3EE oM. HIER, 63, 9-14.

90) FAMRFSEIR, MEAHIFE, BT, SHE—(1994b):
AT — 2 128D CRIERR O T %2
W REARROMERRR R K O OfE. HIER,
63, 15-20.

91) MAIGFSFIE, WIOFHAE, T4EE(1998) © @
YE DHENEIZ BT 5 & w ) IBREH - HIEEEO
k. JbEEAIER, 166, 1-65.

92) FERME—, VERHE (2001) © THERR RN L
KIZE DI ¥ A EZE D DI (Streptomyces
scabies) O ¥, At 8 37 2 IR E L, 80, 73-
76.

93) Fikfl—, VIR, S, s, W
HC 5 (2009) = AGIEEIC BT B HIRZE D DR D
FEHEIRDL. bR, 76, 14-20.

94) wEIZ, FEARFYE (1981) : Gaeumannomyces
graminis (Sacc. ) Arx & Oliver var. tritici
Walker |2 & % 3 A FVAHOFEE, BV R
SRk, 45, 38-46.

95) =ZHS, HHEA970) 1 AU v A LRSS
Mr. #EEE. WHl P, 258277

96) K ADRKEZ (2003) @ MEHIZ & 2 BRIEW O E.
FTGEFEM. RO FRURF MR,
Hnt. P, 265-281.

97) ARAMRBEZ, WEARE, MBI, OHERG, SR
R (2004) © YA EA AT F 2 vPikR
V2 B E 9T I B DRI D R Ik NI 6f
PURE) & 3 KB 7 Pasteuria penetrans & @
MG bERROWE. e R, 4,
1-16.

98) JKEFIEIA, o HAEAE(1994) @ 13 pH, EIRMR
BEylenNL A ¥ aZ) e oMERR L
EEE, 65, 27-33.

99) MORANT, A. V., K. JORGENSEN, C.
JORGENSEN, S. M. PAQUETTE, R. SANCHEZ-
PEREZ, B. L. MOLLER and S. BAK(2008) :
b-Glucosidases as detonators of plant chemical
defense. Phytochemistry, 69, 1795-1813.

100) HIC3E(2009) : HRIZBIF BV ¥ A EL A b
rFavikbiEnEoBER. L, 76, 7-13.

10D A 35—, RS, dA SCF, ik b (2004) ©
T 77 TR Z SR QIR ST T HIED
Hi¥H & pH OB, TR, 75, 339-345.

1024 bdE—, NI, BikEY) (2004) @ 13D

D VBER & T 7T TR AR Z ST O K
REMR. TBREE, 75, 453-457.

103) A HE P, BOEE, T3, EREAR, &
SERI, ARNE(1985) 1 HF X FranfdE (=) €
Y aw X OFRIZOWT, B EERER 53,
103-113.

10) A A, B, |k —, ZRKE, i
HHE 2 A (1997a) 5 A - HEAR o 38 3 38 i
HEYINA A< A - WHRREERE D X O
A AT 9322 TIERE, 68, 249-256.

105) A A, HW TR, W hw—, NARHR,
BEHEEZ A (1997b) © MR LIS BT B D 5 HE
JEEH & DU ZE B DS IR BUEY N A < A
- HRRBEEEB L ORI I

T HEGEE, 68, 257-264.

106) B miZ, A R—, BB (1999) : AHEMO
R 25t R 7 L o BAL S K O #E:
R LR ERRPER, 9, 1-10.

107) WFCRE (1983) : Rhizoctonia (1) "7 b = T IR IA)
7 A BUE . AGEEE MR o IR E. dt
g E MY o T3 ET T, AL P, 359-
368.

108)NaIk1, T. and T. U1(1977) : Population and

distribution of sclerotia of Rhizoctonia solani

L i

Khun in sugar beet field soil. Soil Biology &
Biochemistry, 9, 377-381.

109) IS4, B HIME = (1995) © e EHbiRIZ 3
T % 7 A4 ZASAVERE O S A F 08, P = AR,
15, 19-27.

110) B H PR =8 (1983) = HAERRE & D5 512D T
TGRS, 54, 170-179.

111) B HPR=AR (1984) © ME&EH 5 o B g KLk 112
BB - e o 138 A Yy ek & R
DERFE B L ORI HFICE S 20198 EAL
BadRk, 50, 1-44.

112)NARITA, Y. and T. Suzui(1991) : Influence
of a sterile dark mycelia fungus on take-all of
wheat. HH#R, 57, 301-305.

113) NEENO-ECKWALL, E. C. and J. L. SCHOTTEL
(1999) : Occurrence of antibiotic resistance in
the biological control of potato scab disease.
Biological Control, 16, 199-208.

N BREFH, ARESS(1984) @ 7 A FEZEROFE
WICRIFTIA R A My F a0 H



T TSR B T B HVEY D BRI SR & AR E T O AT 61

MR, 50, 500-506

15 - FELIA I (1994) : 3B AL TS & B,
T3EAALS. WAEE. Wl P 21-33.

116) PEFISC, PRHESCT, RS =, kR, & A
B, PR (1999) @ 54 2 BRI D5 EAE
HE & BhBs. Effft > ¥ —RFE, 30, 11-109.

117) VSR HE, BEH B, &Pkt (1982a) @ iy
OMEMOEFFM  F23%k  LERICALT
YA OB X O TEEROFM. bR
¥, 133, 17-29.

118) PHsEIE, Améoctl, ¥k, BHE, =R
HE(1982b) @ THFIZ A § 2 IEIREED R 5 72
TEICBT BT A OEFWAT. AT,
133, 31-60.

119) VE5EHR, 4Tk, Mmoo, MEH 5 (1983) :
TR T O R B EICHR S - U oS FRE
e e TN, dLETER, 137, 81-106.

120) V6 2 38 7 (1976) = BEfi o @AE R 5 o 5K % 9
o T AbEE Y, 14, 718721

121) VG2 8 (1981) = 84 L 7z PERBAR I C o SR
TEIZ LA E . EE, 52, 413-419.

122) )8 7l (1983) : MAfEREE DR AEICOVWT. &
Gk, 54, 64-73.

123) P52 7 (1986) : Al 285 DI - SRR &
LCoEMAMRMAK BRI, 41, 307-
311.

124) FrHEsE, ARITHEZ (1989) @ HHEWHIAIZ X %
MRPEERE R OUCEAMER O EF - PRI KT
TR A 01%E. dLERATR, 152, 33-89.

125) BRI A8 b S Sy At (1986) @ T A
BV AR X OHREE. AL, P
96.

126) /N1145(1988) : v < A €2 % HH5 (2§ 5 Hf
72, BAFE Y ¥ —WER, 10, 1-125.

127) A= 8 BH (1983) Aphanomyces ( Wi NG 96 72 &) #&
A, AGHEE VY O TSR E. AbiEE MY ©
TR ER TS, AL P 53-62.

128) KAREET: (1983) : D-D il & 5V % » MRiHID
HAGHORIZLD2F LAV DX AT L Ly
Fa Pk AR, 30, 81-84.

129) KIME—, MEBEE, Asgk, O, 5
HHH.(1985) @ iR ERi kD720 D3 h V7
AT LD, B EERE O FERENT
EWEIGANT VAT ARBOESR. Bt

& —Hhi, 4, 1-50.

130) KAPRBERA(1973) @ lEDFE AW ERICH T
HHF7E. BAL RN, 46, 1-61.

131) KAPRBESA(1976) © Ve R ERAN R, R ILIRAT
Akt B

132) RAPRFERA(1982) © ALl E B D FETE & 3%
MR, TAMFE, 24, 203-213.

133) KHEZRHE (2005) © T 2 FREZEMIROF LR
B3 50078, AL EAMIER, 104, 17-74.

134) 7% (1969) -+ 52 BT 213w L x ok
FEPEIN BB A58 2 RS S
BFIZBITANHREE TV L X DEFRIG.
ks, 95, 54-64.

135) [ 7% (1976a) : +EOMIE L B o gk, B3
e, 31, 400-404.

136) [iJ7% (1976b) i\ L x HEOR KB TA K
fili& Zzo2 %, duid, 43 (5), 23-30.

137)OxkA, Y. (2010) : Mechanisms of nematode
suppression by organic soil amendments - A
review. Applied Soil Ecology, 44, 101-115.

138) Wi A (1968) @ 4 AT A bt v F 27 DF
R E 54 Z0&F. JLRERER 93, 32-
38.

139) R R, ARITAR(1963) @ THEZH O kIS
B4 5098 1%k TIEFRIZBEIT S DD O
META XY AN VT 27120603 5 BhBRi B
Jefalaed, 82, 1-7.

140) BLAFIEMR (2000) = B 1 B80T % e 135
DIAEREYE & A > 77 AR O A RER LS
B9 % HIEIER A ZE. B R, 97,
1-102.

141) PR TE R - ARG HEHE - WPATE B0 - AHISBE (1989)
7 VA ORI L R E IR B X OO
HEAPR. BT, 59,21-29.

142) BATIES, IIAIESA, HEE] (1997) @ 24
VEM OEGIEAERR 2 & VR A S b, T
7%, 68, 331-335.

143) BLlIEE (1972) @ #EIESRMNCB T 5 TAEDE
HFHEBGERNIZOWT2, 30ELE. LA,
39 (8), 19-37.

144) /NBF A8, REFHEE N (1993) @ d-iEiH w05 T
WAH & B DT I T T 8. Ko BRE it
W, 23, 89-114.

145) FE IR 7 (1969) © ALl @ Mye O i 12 B 1 2 i



62 At FESERT e & > ¥ — Wi e i 5520175 (2013)

18, JRICHT R A A DRI BT 5 W2t
JeEask, 74, 1-158.

146) Rl 2, =9 (1963) : M/EIC BT 2 Hi#E
TERLA G DERICE T 20178 H2W ¥ A4
Ay A My F oy LML OB LR
wek, 81, 11-21.

147) Rl B (1994) = ALilsE 2 331 % 2 2 F 5 BEw
DIFEEAERE L BBRICE T 2078 &7 R,
82, 1-60.

148) BB, A K%, KEiE—, LREERE b
PPEE], FEFEE](1988) @ HH/AN LM AR [
WaF | OBFRIZOWT, B ERER, 58,
41-54.

149) PERSSON, L. and S. OLSSON(2000) : Abiotic
characteristics of soils suppressive to
Aphanomyces root rot. Soil Biology &
Biochemistry, 32, 1141-1150.

150) PORTER, P. M., S. Y. CHEN, C. D. REESE
and L. D. KLOSSNER(2001) : Population
response of soybean cyst nematode to long
term corn-soybean cropping sequences in
Minnesota. Agron. J., 93, 619-626.

151)REEVES, D. W. (1997) : The role of soil
organic matter in maintaining soil quality in
continuous cropping systems. Soil & Tillage
Research, 43, 131-167.

152) AR, A L8, RHIEA(1993) : fib 5
HENE o 38 F 2SR 13 O BAL AR 5 2 B 5
. LIEEE, 64, 27-33.

153)RYDER, M. H., Z. YAN, T. E. TERRACE, A.
D. Rovira, W. TANG and R. L. CORRELL
(1999) : Use of strains of Bacillus isolated in
China to suppress take-all and rhizoctonia
root rot, and promote seedling growth of
glasshouse -grown wheat in Australian soils.
Soil Biology & Biochemistry, 31, 19-29.

154) WA —&, KPI#(1993) : M IHIZBITF 54
BENmE ITEANS 2w 0K TG,
64, 42-48.

155)SALE, P. W. G. and L. C. CAMPBELL(1986):
Yield and composition of soybean seed as a
function of potassium supply. Plant and Soil,
96, 317-325.

156)SALvAGIOTTI, F., K. G. CassMmAN, J. E.

SPECHT, D. T. WALTERS, A. WEISS and A.
DOBERMANN (2008) : Nitrogen uptake, fixation
and response to fertilizer N in soybeans : A
review. Field Crops Research, 108, 1-13.

157) fc¥p 35— (1995) : YA R I T LV F 2y
DE LI AR % VA DR, U R
Ak, 28, 175-193.

158) i 4+ ARG, mfGEER], ok (1985) « HifE
YW oEAERE S LA ASRICE T 2018 aFR
Ak, 25, 163-180.

159) i 4 Rih—, BHELE, HRREZ, EHHK
Moo —, PR, =45 —#(1988) @ 72V 3Hr
mfl [ FIAARX] OFRIZOWT, HEIRER
4k, 57, 1-12.

160) IRITIEA, #5526 (1991) @+ EAT 2B 1)
%13 - EEE M OERE F2Hm AERWE R
ODFERE. dLEE, 58, 161-166.

16D EILTE, AR, FraEf=(2001) : Verticillium
biguttatum % JH \» 7= Rhizoctonia solani \Z X 5 T
YA AR B X OWIEW O Wbk H
TR, 67, 12-18.

162)SCHOTTEL, J. L., K. SHIMIZU and L. L.
KINKEL(2001) : Relationships of in vitro
pathogen inhibition and soil colonization to
potato scab biocontrol by antagonistic
Streptomyces spp. Biological Control, 20, 102-
112.

163) BIITHI,  gkIEHkG, BIHZE(1976) © /K iz
2B 2 HHOMIMERRIZOWT F1H /D
oM ERE. JbE, 43 (6), 24-38.

164) B8 4 % = (1970) : Troug . 13 38 55 55 A7
A, R P. 414415,

165) SHARIFI, M., B. J. ZEBARTH, D. L.
Burton, C. A. GRANT and G. A. PORTER
(2008) : Organic amendment history and crop
rotation effects on soil nitrogen mineralization
potential and soil nitrogen supply in a potato
cropping system. Agron. J., 100, 1562-
1572.

166) EH ——, KIS HE, i H5Z—, $5ARIEN (1985) :
FHA Y O KH T3 BT B AR & 5
MRS D Rl BiEE v ¥ —HFERk, 5,
1-19.

167) 1AK% (1994) T3 EE L OF T3 R BE 2SR 75 AR



T TSR B T B HVEY D BRI SR & AR E T O AT 63

W (Fusarium sp) D¥ A XY A bE v F 275
B PR ARSI T T R AR U 2,
24, 76-78.

168) i 7k #% (1994) : Aphanomyces cochlioides 12 X
LEfET A OEFHEIIOWT T
NORBYDT VA OEF ISR TRE. #ET
R, 67, 55-63.

169) T EME (1992) + HEPIZHB T 5 7H ) 7 A
DAREZ b CHEE ARWIEIC L 2 F 2
V0% EE OB BR. KRR, 6,
1-115.

170)SmMoN, A. (1989) : Biological control of take-
all of wheat by Trichoderma koningii under
controlled environmental conditions. Soil
Biology & Biochemistry, 21, 323-326.

TR A, AR, TR (1979) « M%) 3
LA5SAFREOEEL = F1H BEO
Zm A EY OB E B X O HI R IT
TR AL, 60, 17-40.

172) # A F) % (1983) : Polymyxa (7 ¥ % A % 9 K
%% &) #am. AviEEMCEY o 3RS, dbilEE
MPEY o TR ETAT4. AR P. 27-35.

173) M HGA—, MIgEE A, PHHEZ (2002) © %65
JR AR A LS 330 2 HERE R 300 8 H 5B 2 &
HTALBEE L O D B FE 1T ). HALE
WEFER, 100, 49-59.

174) WEHMEF-,  FHFERR, B HIESZ (2005) @ MU0
Yk 20y 5 7 OIS H 54 XY A b
o F 2y OBRERRER. KRR RENE
i, 8, 43-46.

175) S RBERER, WHMEH], EHEGAT(2000) @ ¥ v
A EZ D DIEOIEIR KN T HEW I B &
OFr HBl oz, el RS, 79, 37-
44.

176) S AEZ (1972) = MIVEY) O sEAERR T & M6 1 RS
DRK(). EEE, 47, 689-694.

177) 8 REE, D), mHs—, JRCIAH, #2
H=E A, HEHNIFE(1980) : fEWARE O A,
T & A, 22, 47-63.

178) S EE K (1965) R H—a RO AR & [
H—. b5 e, 3, 530-535.

179) HASIC, PrNms(E, HHsk(1997) © ¥ v A
EZ ) DIRIIHT B TIERR IR R O I %)
R BRI, dbigE 7 AR R, 73, 57-62.

180) HH " 32 3 (1983) : Cephalosporium (7 A ¥ 7% 3
JHI & O A FSRPER) JEAE AR - Bl -
JeigEEY O 13 E. i E M EY) o 3
WEFIATS. AR P 196-202.

181) FIHISCHE(2000) = ¥ % # A EZ 9 2IRH OFE
EARRN - e & O I BRI X A BhkR
WZBE A AF7E. dbilgEE R, 96, 1-66.

182) flizk F1h (1967) : MM OMAEREEZEZ 2 % (1).
FESERAN, 22, 301-304.

183) Jo i (2002) : H b A EOAN 125D fERD
Biibxtsfe 28 24k RIS X BBk oimE & pkE
] 36E D 72 80 DFE TR ORI . IS B
Wik, 30, 37-58.

184) BB IEH], AR, PHIKRY(2002) © % b €
ORI EAY FEIRDBG LXK, 5 3 AW
FRHICEZIFIATH Ly F 2y OBEN
il HEM R AT, 30, 59-72.

185) B HEBr—(1994) : 5 OAEAS J O E OB
JeRHIITEE L, 52, 5-6.

186) 12 15 92 (1983) : Cephalosporium (7 X 3 % 3
JRI & T A F RPN W) Aam. ALiEEY ©
TR E. dbiEEMEY O TR ER TS AL
Be. P. 185-195.

187) FHIHERR, 8504 (1997) @ it HUaHIUALY S5 O i
EB L OAERBHTEICLAPALIOR I T,
Y F 2Pk, KWRERG L v — RENTGE
Frifisk, 4, 27-38.

188) AilAR i, Frilmich (1990) @ ¥ % #' 4 EDOEAET
2B 2 €9 IR OS LR E bR, RIF
MR (B SEER), 18, 61-115.

189) F2H-#& 4 (1980) = AEMIR B & 13 BUAEY O
i, Lemisky, 22, 31-37.

190) =I5 42 (1983) = dvifgE M e o T E. Ak
MEEMEY O 138 R TS, AL, P 113

191) i L3 F, NG A S, ik SO, AT E=(2003)
YV vl LAERSR &L S =
YT OWE, W, T3ROS R
BIUOFFZ AT L LY F 2 BEIIRITTR
B.OrhUL AR, 3, 51-58.

192) VARVEL, G. E. and W. W. WILHELM(2003)
Soybean nitrogen contribution to corn and
sorghum in western corn belt rotations.
Agron. J., 95, 1220-1225.

193) VERHAGEN, C., G. LEBBINK and J. BLOEM



64 At FESERT e & > ¥ — Wi e i 5520175 (2013)

(1996) : Enhanced biodegradation of the
nematicides 1,3-dichloropropene and
dichloropropene nad methyl isothiocyanate in
variety of soils. Soil Biology & Biochemistry,
28, 1753-1756.

194) VINALE, F., K. SIVASITHAMPARAM, E. L.
GHISALBERTIL, R. MARRA, S. L. W00 and M.
LORITO(2008) : Trichoderma-plant-pathogen
interactions. Soil Biology & Biochemistry,
40, 1-10.

195) P, RRBIETT, AR, AIFBUHE,
F/NKEB (1963) : FEf O # AR 2 12 B 3 A W 2.
RHANHR, 5, 144.

196) 9 5 [E HE (1998) « iy 13w E oS, §agH
JE. B

197) WELLER, D. M., J. M. RAAIJMAKERS, B. B.
M. GARDENER and L. S. THOMASHOW (2002) :
Microbial populations for specific soil
suppressiveness to plant pathogens. Annual
Review of Phytopathology, 40, 309-348.

198) WIiLKES, M. A., D. R. MARSHALL and L.
COPELAND (1999) : Hydroxamic acids in cereal
roots inhibit the growth of take-all. Soil
Biology & Biochemistry, 31, 1831-1836.

199) XING, L. and A. WESTPHAL(2009) : Effects
of crop rotation of soybean with corn on
severity of sudden death syndrome and
population densities of Heterodera glycines in
naturally infested soil. Field Crops Research,
112, 107-117.

200) W H3E—, EARR, A&, - Shaie, R
Wa—B8, /RESS, JEHERIDE (2005) @ 7 A F K
EROBIIIRIETF I AT L F 270D
. HARR I REE, 35, T1-77.

201) LI HIAE (1981) = Bifii - HHAKHR O HAE R E O 5B
TR E ZOPBREICE T 20158 BRI,
35, 235-265.

202) 118 J (1977) @ TAED W AR 50
56 —4FI2 Pythium BRIZOWT —. JuRE
Wik, 118, 9-62.

203) YOKOSAWA, R., S. KUNINAGA and H.
SE1ZAKI(1986) : Aphanomyces euteiches zoospore

attractant isolated from pea root ; Prunetin.
HhEE Rk, 52, 809-816.

204) YOKOSAWA, R., H. SEIZAKI and S.
KUNINAGA (1988) : Attractants of Aphanomyces
cochlioides zoospores contained in sugar beet
seedlings. HAHEMH, 54, 133-140.

205) ¥ HBERE, IDHEE, KEPEG(1994) @ Vv A
A EZ) DIHOFEIIBIT 5 TIEORWEM:T v
IS LA LW A ROZE. HRHEER, 60,

630-635.

206) FHHEY, HIFEA(1962) : ALiEEIC B 2 &4
TIEOBAEYFRIMEZE 2 TIEREAEAH
DFFEAL L AR B Mo . JoR Az
79, 45-50.



Res. Bull. NARO Hokkaido Agric.
Res. Cent. 201, 1-69 (2013)

65

Studies on Crop Rotation Systems and Injury caused by Continuous Cropping of

Field Crops in Central Tokachi District

Morio MATSUZAKI V)

Summary

Crop rotation is carried out for maintenance of
soil fertility, and some of effects of crop rotation
cannot substitute in the chemical fertilizer. It is
thought that most of crop rotation effects are due
to the reduction of injury by continuous cropping
(ICC) . This study was conducted to determine
cause of ICC and the effects of ICC on a crop
rotation system. The study was conducted in
central Tokachi District of Hokkaido, and 1) the
crop rotation system was estimated quantitatively
from cropping surveys, 2) the characteristics and
causes of ICC were investigated by a continuous
cropping experiment of field crops conducted for
16 years, and 3) the effects of ICC on a crop
rotation system were discussed.

1. Analysis of crop rotation systems in central
Tokachi District

For quantitative analysis of crop rotation
systems, cropping surveys were conducted on
light-colored Andosols (Shinsei) , Andosols (Bisei)
and brown lowland soil (Nishishikari) in Memuro
Town of central Tokachi District. The each survey
site was about 120 ha (4 divisions of 576 X576 m) .
Crops cultivated in the period from 1983 to 1990
were investigated. The survey maps for the
8-years period were compared, and they were
divided into fragments that had a single cropping
sequence. The area of each fragment was
calculated, and these values were input into a

1) NARO Hokkaido Agricultural Research Center
Present address: NARO Agricultural Research Center

database.

The cultivated areas per farm were about 23, 29
and 15 ha for light-colored Andosols, Andosols and
brown lowland soil, respectively. The cultivated
area per farm was small for soil of high fertility. In
each soil, sugar beet (Beta vulgaris L.) , potato
(Solanum tuberosum L.) and winter wheat (Triticum
aestivum L.) were the main crops cultivated. Other
crops included sweet corn (Zea mays L.) in light-
colored Andosols, adzuki bean (Phaseolus angularis
L.) and kidney bean (Phaseolus vulgaris 1.) in
Andosols, and vegetables and adzuki bean in
brown lowland soil.

In this investigation, the number of cropping
sequences (NCS) was calculated as,

NCS =X",

where X is the number of cultivated crops and
n is the year period of cropping sequence. Since
NCS decreases with a decrease in n, the cropping
sequence for the 8-year period was divided into
cropping sequence for the 3-year period (CS3) .
The shortest cropping sequence is a combination
of 2 crops, and CS3 is composed by two
combinations of 2 crops. For example, CS3 of 1)
sugar beet - potato - wheat (S-P-W) is composed
by the combination of sugar beet - potato (S-P)
and potato - wheat (P-W) . When CS3 of 2) potato
- wheat - sugar beet (P-W-S) and 3) wheat - sugar
beet - potato (W-S-P) exist, the combination of
sugar beet - potato (S-P) exists in 1) and 3) , the
combination of potato - wheat (P-W) exists in 1)
and 2) , and the combination of wheat - sugar
beet (W-S) exists in 2) and 3) . Therefore, CS3 of
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3) W-S-P and 1) S-P-W that have combination of
S-P may be cropped continuously, and it is
considered that a crop sequence of W-S-P-W
exists. Similarly, it is considered that a crop
sequence of S-P-W-S-P exist with CS3 of 1) , 2)
and 3) . In this crop sequence, combination of S-P
is located at beginning and end of it. Therefore, it
is considered that this crop sequence is repeated,
and it is probably crop rotation system. Based on
above consideration, crop rotation systems were
estimated from CS3.

The area of each CS3 was totalized every year.
From the cropping sequence for the 8-year period
in this investigation, the area of CS3 was
calculated as 6 replications. From data for the 6
replications, the mean and coefficient of variation
were calculated. CS3 that had a low coefficient of
variation was cropped in high frequency, and they
occupied large area. CS3 that had a coefficient of
variation less than 1.0 was assumed to be the
major cropping sequence for 3 years (MCS3) ,
and the major cropping sequences were used for
estimation of crop rotation. Many kinds of CS3
(145 - 549 kinds) existed. However, there were
only 12 kinds of MCS3 in light-colored Andosols,
10 kinds in Andosols, and 12 kinds in brown
lowland soil. The area of MCS3 occupied
approximately 53% of the light-colored Andosols,
38% of the Andosols, and 20% of the brown
lowland soil.

From MCS3 in light-colored Andosols, crop
rotation systems were estimated as 1) sugar beet
- potato — wheat (S-P-W) , 2) sugar beet - potato -
wheat - wheat (S-P-W-W) and 3) sugar beet -
potato - sweet corn - wheat (S-P-C-W) . 2) Sugar
beet - potato - wheat - wheat (S-P-W-W) was
estimated in Andosols. The crop rotation system
could not be estimated in brown lowland soil. The
total areas of MCS3 that composed these crop
rotation systems were approximately 50% in light-
colored Andosols and 32% in Andosols. As
reported previously, 1) crop rotation systems
were composed by crops that cultivated area was
large, and 2) previous crops of winter wheat were

a few, and crop rotation systems were limited.
Since the cultivated area of sugar beet, potato and
wheat was larger than that in past studies, crop
rotation systems were simplified more. Because
some crop rotation systems included continuous
cropping of wheat, injury by continuous cropping
(ICC) might occur.

2. Investigations of symptoms of ICC and
methods for reducing ICC

Sugar beet, potato, soybean (Glycine max (L.)
Merr.) , adzuki bean and wheat (spring wheat)
were cultivated in Memuro Town from 1980 to
1995. Eleven plots were established for each crop.
One plot was a crop rotation plot and the other 10
plots were continuous cropping plots. In the
rotation plot and one continuous cropping plot
(control plot) , crops were cultivated with only
chemical fertilizer. In the other continuous
cropping plots, used as plots for application of
organic matter, wheat culm manure or bark
compost was applied at a rate of 1.5, 3 or 5 kg/m2.
After successive applications of organic matter for
more than 10 years, the concentrations of soil
nutrient such as hot water-extractable nitrogen
and phosphoric acid were increased.

For 3 soil fumigation plots, soil was fumigated
after 1990 and wheat straw manure was applied
at a rate of 0, 1.5 or 3 kg/m2. For soybean and
adzuki bean, D-D (1,3-dichloropropene) was
applied from 1990 to 1995. For sugar beet, potato
and wheat, chloropicrin (trichloronitromethane)
was applied from 1991 to 1993 and D-D was
applied from 1994 to 1995.

Yield, degree of infection by soil-borne diseases
or nematodes, and soil available nutrients (hot
water-extractable nitrogen, phosphoric acid and
potassium) were measured for each crops. Hot
water-extractable nitrogen is correlated with
biomass nitrogen. ICC was thought to have
occurred when yield decreased or when the crop
was infected with soil-borne diseases or
nematodes. The time course of yield decrease by
continuous cropping (YDCC) was examined by a
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yield index (control plot / rotation plot x100) .
Analysis of variance (ANOVA) was used to
examine the effects of continuous cropping,
organic matter application and soil fumigation. In
ANOVA, treatments were 11 plots and
replications were years of same conditions, i.e.,
same cultivars, same rate of fertilizer application
and etc. This replication is a temporal
psuedoreplication. Therefore, the effects of
experimental plots, not the effects of treatments,
would be examined by the ANOVA.

Severe ICC occurred in sugar beet. Sugar yield
of the control plot decreased by about 50% in
comparison with that of the rotation plot
throughout the experimental period. In the 10
continuous cropping plots, root rot (Rhizoctonia
solani AG-2-2) occurred from 1985 to 1990. Sugar
yield recovered with fumigation of chloropicrin
application but was not influenced by D-D
application. Sugar yield increased with organic
matter application, and the effect became clearer
with increase in the number of application years.
It was thought that sugar yield was increased by
accumulation of soil nutrients.

In high yield plots (rotation plot and chloropicrin
fumigation plots) , the relationship between sugar
yield and hot water-extractable nitrogen was
significant. The relationship was also significant in
low yield plots (control plot and organic matter
application plots) . However, the two regression
lines were clearly different. When soil nutrients
were at the same level, sugar yield was always
low in the control plot and organic matter
application plots. ICC was probably caused by
inhibition of soil nutrient uptake by the crop, not
by decline of soil nutrients. Since inhibition of soil
nutrient uptake recovered with soil fumigation, it
was thought that this phenomenon was caused by
soil biologic properties.

After continuous cropping for 12 years, sugar
beet was not damaged by root rot. This
phenomenon is called "decline of soil-borne
disease". However, when root rot declined, sugar
yield decreased in continuous cropping plots and

it was recovered in soil fumigation plots by
application of chloropicrin. Therefore, it was
thought that ICC of sugar beet was influenced by
soil biological properties except for root rot
(Rhizoctonia solani AG-2-2) . From previous
reports, it is thought that this cause of YDCC is
Aphanomyces cochlioides.

In continuous cropping of potato, starch yield
decreased slightly, but common scab (Streptmyces
spp.) occurred. Starch yield is the product of
marketable potato weight and starch value. In
continuous cropping plots, marketable potato
weight decreased, but starch value increased.
Marketable potato weight increased in organic
matter application plots and soil fumigation plots,
but starch value decreased in both of these
treatment plots. Slight change of starch yield was
probably caused by the compensatory relation of
marketable potato weight and starch value. Starch
yields increased with increase in soil nutrient.
When soil nutrients were at the same level, starch
yields of the rotation plot and chloropicrin
fumigation plots were higher than those of the
control plot and organic matter application plots.
As in the case of sugar beet, YDCC was probably
caused by soil biological properties.

Common scab declined slightly in the last four
years of the experimental period. With increase in
the amount of bark compost application, scab
became severe. This was probably caused by soil
exchange acidity (yl) , which correlated with
aluminum ion concentration. Chloropicrin did not
affect common scab. This result agrees with the
results of a previous study showing that
chloropicrin did not affect common scab when soil
pH was more than 5.

The yield of soybean markedly decreased from
1983 to 1985 and after 1989. From 1983 to 1984,
the egg density of soybean cyst nematode (SCN:
Heterodera glycines) was high in continuous
cropping plots, and it was thought that YDCC was
caused by SCN. However, after 1987, the egg
density of SCN decreased (decline phenomenon) |,
and soybean yield recovered in continuous
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cropping plots. Although egg density of SCN
declined after 1987, soybean yield decreased again
in the control plot after 1989. Soil was fumigated
by D-D after 1990, and fumigation by D-D resulted
in recovery of the yields of both the SCN-sensitive
cultivar "Kitamishiro" and the SCN-resistant
cultivar "Toyomusume". D-D is a nematocide, but
D-D application probably resulted in recovery of
soybean yield by other effects.

The effect of D-D on yield might be based on its
effect on soil nitrogen. D-D promotes mineralization
of soil organic nitrogen and inhibits nitrification of
ammonia nitrogen. Therefore, D-D causes
accumulation of ammonia nitrogen in soil. It is
thought that soybean yield was increased by these
effects on soil nitrogen. Soybean yield was not
correlated with hot water-extractable nitrogen but
was significantly correlated with potassium.
Except for bark compost (low potassium
concentration) application plots, however, soybean
yield was significantly correlated with hot water-
extractable nitrogen. Therefore, soybean yield is
probably influenced by soil biomass nitrogen. It is
thought that soil biomass nitrogen was decreased
by long-term continuous cropping of soybean.

For adzuki bean, YDCC was remarkable as in
the case of sugar beet. This yield decrease was
probably caused by brown stem rot (Cephalosporium
gregatum) . For infection of brown stem rot,
nematodes (Heterodera glycines or Pratylenchus
penetrans) are necessary as well as Cepharosporium
gregatum. Application of D-D resulted in recovery
of the yield of adzuki bean, and it was thought
that D-D suppressed infection by nematodes and
brown stem rot and increased the yield. Since
SCN had already declined at D-D application time,
D-D probably suppressed to Pratylenchus penetrans.

The yield of spring wheat decreased slightly in
the control plot and was not affected by soil
fumigation. In 1993, the yield increased with
increase in soil nutrients, and the relationships
between soil nutrients and yield were not different
in continuous cropping plots and the rotation plot.
Therefore, it was thought that spring wheat was

not affected by soil biological properties. When
spring wheat was cultivated continuously for more
than ten years, infection by soil-borne diseases or
nematodes did not occur. However, in the
chloropicrin application plot in 1991, take-all
(Gaeumannomyces graminis) occurred in the patch.
Take-all of spring wheat declined with long-term
continuous cropping. Since take-all occurred again
with soil fumigation, it was thought that this
decline was caused by biologic factors such as
antagonist microorganisms. However, it is possible
that snow mold decreases wheat yield by
continuous cropping, because the northern part of
Japan is an area with much snow.

As described above, YDCC of sugar beet, potato
and adzuki bean was probably caused by soil-
borne diseases or nematodes. In continuous
cropping of potato, yield decrease was slight, but
common scab occurred. The yield of soybean was
decreased by SCN in the early period of
continuous cropping, and the decline in yield was
probably caused by a decrease in soil nitrogen
(biomass nitrogen) in continuous cropping for
more than ten years. In continuous cropping of
spring wheat, yield decrease was slight, and then
take-all infection was decreased by soil biological
factors. In all crops, infection by soil-borne diseases
or nematodes occurred, but yield decrease was
slight in some crops. In some crops, infection by
soil borne-diseases or nematodes was decreased
by long-term continuous cropping. The severity of
ICC was probably influenced by the decline
phenomenon of soil borne-diseases or nematodes.

Crops release various compounds such as
carbohydrates from their roots, and the region of
soil influenced by these compounds is called the
rhizosphere. The kinds of released compounds
vary with crops. By continuous cropping of a
specific crop, specific soil organisms may increase.
ICC will occur when soil-borne diseases or
nematodes are increased by continuous cropping.
Soil-borne diseases or nematodes can survive by
survival organs (eggs etc.) , and they can be
increased by cultivation of the same crop again.
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Therefore, one of the causes of ICC is soil-borne
diseases or nematodes. However, soil-borne
diseases or nematodes were suppressed by soil
biological factor (decline phenomenon or
suppressive soil) in some cases. In soybean
continuous cropping for more than ten years, yield
probably decreased due to a decrease in biomass
nitrogen, i.e., unharmful microorganisms. As
described above, ICC was thought to be caused by
soil-borne diseases or nematodes and other
biological factors.

In continuous cropping of sugar beet, soybean
and spring wheat, yield was increased by organic
matter application. The effects of organic matter
were clear with its successive application. Organic
matter supplies not only nutrients such as
nitrogen, phosphoric acid and potassium but also
carbon, which is an energy source of soil microbes.
Carbon supply by organic matter application is
probably effective in maintaining biomass nitrogen.
For sugar beet, soybean and adzuki bean, soil
fumigation reduced ICC. However, organic matter
application and soil fumigation need much labor
and are costly, and these treatments for reduction
of ICC would be difficult in large-scale farms in
Tokachi District. At present, as a method to
reduce ICC, it is probably realistic to adopt a crop
rotation system in which many crops can be
cultivated.

3. Improvement in crop rotation in Tokachi
District

The cropping interval of each crop in the
estimated crop rotation in this study was sugar
beet> potato> wheat. The cropping interval was
long for sugar beet, in which ICC was remarkable,
but wheat, in which there was only slight ICC,
was cultivated continuously for 2 year. Therefore,
it was thought that crop rotation was influenced
by the degree of ICC of each crop.

In the 1960's, cropping sequences that included
continuous cropping of beans (soybean, adzuki
bean and kidney bean) for 4-5 years were used in
Tokachi District. SCN probably became a problem

in these cropping sequences, but SCN might have
been decreased by long-term continuous cropping
of beans. Soybean, adzuki bean and kidney bean
are infected by soil-borne disease, but those
diseases don't infect other beans. In these cropping
sequences, red clover (Trifolium pratense L.) was
often cultivated after continuous cropping of
beans. This green manure crop not only reduces
the density of SCN but also supplies organic
matter that has been decreased by beans.
Therefore, it is thought that past cropping
sequences were devised to reduce ICC. In the
estimated crop rotation systems in this study, the
rotation cycle was short (4 years) , and it is
possible that ICC occurs in these crop rotations.
To improve crop rotations, it is necessary to
increase the number of cultivated crops by
introducing new crops. In Tokachi District, where
farms are large, the crops to be introduced must
be a crop for which mechanical cultivation is
possible. Oilseed rape (Brassica napus 1.) , which
have soil fumigation-like effect (bio-fumigation) |,
soybean, sweet corn and sunflower (Helianthus
spp.) are thought to be suitable crops. Introduction
of leguminous green manure is probably effective

for maintaining soil fertility.






