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29H 77 22.8 348
10A2H 76 9.2 358

7H 81 9.2 340
5 B

BERHORE S ZMFEOFFICEHAL TR, BHicE
BLTY VBEEMEEHAT 2 L RERORENBIFIC
1By, ZO R, TEAEICE 3E T X MR
ML, WEEDRBAMFENEL 155, 2Dk, BHI%
BIRERMBRORENE L HBET 2HENS 2 (TGP
©,1933 ; Pool&Sharp, 1966 ; Pool&Sharp, 1969),

WIFNOERIBITIT > L ARBRER T, IBES
MRV ERMENE <, BRI &R & ORI
PEBFRSNRD SN, IhE TOHEIT—K L1, It
BT, ERME%PLCESHOERDOEEA 2T T
LB EITT 5 AKRET - B8R Tk L8
R EALBDONBVDIKT L, FEITTIRFEL
HEENRD N B0, MERNOBRERFICAELE
BWHD5, Lol, BESEESHHBORE EOBBTH
57185, WMETE bIE L THREREN BV ERELS
{H-TWB, f#E-T, RIPBEING LEICA X 200
ERIPTNRD, ZTOIENRFEEEL TS (Pool
&Sharp, 1966) &9 2#i%icidABE S, bmEich
FARMROBRREMH L TRIECR2ET 2 L2
Ao B,

tiEEIc i 5 I AFOREEP B L T3, BEH




BB « LB E1T 2 3 LAFRROREERE L BBRICBEYT 2% a3

ODEEBERE+HICHERL THLAUEAEH L I LEHE
i, HEMNOBEEENARESNTVS (EH, 1980),
P-T, REMFHRORIOLEICEENEZE<TH
ERTERV, UL, SEOBERIIHFRIDEE
BRLONRDERE > TORHEENCH D, FBURIIRED
BOSBIFEF LW ETHVWI LRBIERTEEEELS
Na,

(2) RERZBOMIE & RBHR DO RIA

MR RUAER »

O BREEROMHE

FIELESEID I LFOEE 8 EBHOLRRKROL R4
B THER L /oo 19824E 6 AICH T B RMRDFRBER
5, 100% DEIFICLIT OMEBX % KE L,

T. S ALK BREREMUO LT, 20T
(BREROTNTHEZICES),

1. 8t H X BREREZER O TICREANN T 5 (1R
L EWABIRICES)

7. WO X - BREREKR D BISACHE TS R
DO—EHEBEICES)

BRERIZ, 1R10fTRESD L. EBRIZ, [E—0E
XT3EMBROEL D, BFRICET BINHEPRRE
HOMBEDOKHI, HBHUARIR LI, FRUBROE
WEBEXI TS TcREEL, BMERICBELL. Aot
FRERREBED (FR734F) T, HE0mDE
BEL, BIEZOMOERISIEEHEERTHEE L1,
®@ TEHORRENK RRRCNERAE

BUBXIcb) 5 HBHhOREEKE, SUEXOD 0
~10mDEINS 5~ 6 HErDLIEEREL THEL
1o WREOBRHBEREICRN L FEICHE LTz, &
BXICE T A5BRORKIE, 5 A TENrS 1A LD
iz 2B, BER20mfo2EORKOFEL, 1X3~
SHOFTICODOWTHEL, £/, REHICSABERNS
30~50F 2 WML, EX0F 1 T2V V- TREE%:
Syt Lt SEEE, REMRE L EHEZRE CMA i@
BRLU,20°CT7~10H5E# L TEREL 7. NEHAR K,
BHERHNS 2 nf0D 3FXIVED, HREAREL,
2mDIBVTERNE LWEIRSTTHERELTERBL
foo

Bo4ER  EREIFIC BT B EEROINH,

R AL ORR R
£l INHsesE | PR | RN
1982 7 H26H 8 A198 9898
1983 8A 48 98 T7H 9 A12A
1984 8ATH 8B7H 9H48

ERER

EREROUEL, BFERE BIBIFRITICERTE .
7212, 1983FEDFEANEIL, MBI HERN RV
120, EROEBRIRTHTH-1. TDID, (Tih%
FOWTEEHEZT > oo SUEXRDILFOEFR, BRE
ROREE DL, IFEFECEBL 7,

BB BT 3 LHEDOREEROHEE, HBUK
IR L, £iics 3 s, BEFMOAN»SILAID
TREERNGE . ThiBEED LY, mSk%ko
S5HAHNS 6 BIiZBHTLRLNBEVWIHRERL
Too MAEEXANCA B &, @ A4 XK DMK REEL o0
KicHBE L T£<EBL, BINX LHERY XOMICIZA
SNEENRBD SNIEMh ot TOHBEMRBEERE bRE
HTh-1, BUEXNS I LFOXEIFICI0~50E
BEL, SZOF LEHSKREROMET 7. TD
BE, ERIRLICKIIE, 2HrHEE HEAAXDOH
NODOMRIMOMEBX I HE L THSMIEL, B
RERDOMBEIC K - TRFROKA £ AEREIZZEN
FHohi, BEHIK MY X EDRIZIE, BHOHMEE
PEHONE M- T,

o
104 0’/// b ® TErs
QM #H
103 O/QEO e
T * D
102 \\\\\\52\\\\\\
[ ]
¥ (19§2~1983) 1 ' &' i
9 10 11 4 6 7T H

105 /
[ J
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10 */074
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34 JLiEE T BERRERE B82S

H55%k BRERUEXOILFE1HIOD
SERE YR
1982 1983
58148 | 6 148 | 5 A24R 6 A15H
SiAaX ) 26.7% | 63.3% 96. 7% 93.3%
B A X| 100 6.7 36. 6 43.3
KO | 267 3.3 43.3 50.0

SAFEX

B56K RRERMERICHIT 2RBRORKRER (%)

1982 1983 - 1984
5/23|6/23/6/6|6/26|6/14, 1/5
8pAsR | 37.2 | 100 69.4 | 94.6 | 8.3 | 92.7

BHMK| 3.4 19.3 | 86.3 | 53.5 | 361 | 22.1
HWOE | 47| 160 30.0 | 54.7 | 39.7 | 47.9

LEX

HBETR BRERLERIC BT ANEBEBTORE

1982 1983 1984
BAE | LOG | BiE | LG | BHE | Luvi
ALK 32 49 85 29 98 | 15

B H X | 99 26 205 12 253 0.4
HEWOX | 84 24 213 9 190 4

) BHE: kg 10a
LOWiZIRERN (%)

SLEEX

BUEXIC BT 4 MRORBRTAT O R L H563KIC
Rlic, BHRORBRERI, BIRRUERYRick
BLT, $AARIEBVWTBHTERT, BREROL
BREICIZENHSHCED ONI, BARKEHERY K
DENCRENEDSNLB 12, COMERIT3INESE D
BRI Shtz,

SMER -5 B INREEOREREBTRIR L,
BUEX ORI, SASRKIMOMER I ik L TE
LSBT, BREROLEEIC X BEHMHSHICED
ot BUEBROLWIEREF, NEE L HoMR
ZRL, 3D0EEBLUTEHAARIERT, EHK Lk
MY RIMEETH > to

zE B

I LFEIRE IBREROBBA T, B RN
KETBETHEREL, BRI STRISHIT TORFIEER
LKETOMED 303 EDT, ZROMB LI2HOD
2R FFT7EERT B, COART FFT7Tid, &H
TEROAETFOERINTHE AL, BEE
LTEELSREIERT, #-T, KRERORERESC
B SBBRMERE LT, BRERIVEREEL L TRER
WRBT 2FT (IFLE), aLFEEFLIEVE
PEROLBYBNTH S L IN TV 3 (Bruehl et al, 1969 ;

Latin et al, 1982 ; Wiese, 1987),

CDEHBILHOARERTR, FMROLRERBS
KEOT, BRCEIBREROBEEAS LItk 3,
TEPORFER RAERCNBICRITTHEE 3£
REBEL THEL, BREROLSHBIREO—B) &S
DEINLEI MEBRE LI,

THEdIcB T AREEOKR L, BREROLEEIC
Lo THLHIRBENED OGN, XFENERICELIHZA
AHX (BEOHEMEHE) T, TEPOREEKIED T
BOLUANATHBL, RESEBIES TVBEIRRY
BERDXTREVWLXLTHEBS Lz, Jhid, THduc
RPLFEEHBT 2280 F+7OERSEEICE VL TE
ATHDIH, EEIBBICE X AKX TR AR
FE7HRERINT, tEPCRMESERICHREHN
fellickdeEEIONB, —H, BBICEENESL
WHEHIX LIEKBD KT, 280 RF7OERMDIEL
1, THPICHBINIRBFENDEL > EEXS
N5, BUEBXIZHG 5 LEPOREERE, Bk, S
RO TEL, FRRIDBLLY, KMFBEORER
Bic B B MBI IS (Wiese & Ravenscroft, 1975)
ERIBTH-lco TOTENSTHE, EEHNEIEICE
SIHVEHIK LD K TH, MEBERESIE-TL
TORBRERD O BRBEFEN R S N, HBWE, R
BPRAERELTWAESEFAEBELAIEICLD
(Wiese & Ravenscroft, 1975), WEEBKIZ DI -
12bD0D, EHROERE L TRP ALK EFEDER
ZRLICbDEZEZ OGNS, 1, BAREEPORD
RREBICEN SN2 & DS, BEIRICE - 7275
ORI, WREADEFELEBICEEASERLTVLR
WEEZ LN B,

FEBURBE ISR SHAR, EEMREE U TREMI
BITL, BEOERERFEI LS (Wiese, 1972), %
D%, ILFO—EBLLL O DEBREDSMEE %
WETEI LD, TOEBORREREMETE S
EEZON B, AERTR, SUBER,SILFDESE
WL, 0B 1 H»rSREHEEZSML B LI, #
DR, WTFhOBE b HPORFEERIE VA
AXOGERI/BDTE L, HEHOREEEDD LV
FEAIX RO KIZMERT, +HEPOREEKOE /LN
EHRORERICHCEBLTVA I BRI NI,
PE- T, BV ShiiD I L8 1 s 5 O&HR
HOSMBEEEZABT A LILLD, TOEEORKE
REMETE B LEHRTE B,

B ic T 2RBERONIEHE: L EFROFELE LB
L., BRERVELELBAICRENSL, BT s L
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DIEL 1B T EHHE T TV B (Bockus et al, 1983 ;
Christian & Miller, 1984), AEEILE I 5 BRER
DMBHEOBNC X AERORKERDEENE TS
&, BREBRZBZAALRORKRERY, SFERED
BHTRETHA L, JhicHl, BRICEREEN
B i WEEIR S Kic b 2 RMERE, RER
EHERTEBL, MEEORREROFENREED
SHRORERKESTHBERIET IEPHLHNT, &
nETOREE—HT 5,

REEDORED, JLFONBICERTHELRITT
CERFBIBRI, AEROERTHRBERINSEI -
X AAROBRE R, BERE BFEHNRR KDY
KD30~40%ic &4, BUBRIchT 3 RFEROE
REOETFTBREDEL LTHN, HEAHSXTIREL
VBN & 18 5 oo BMBRICET 2 LVWEERIE, WK
ERNBVEAARNERT, BRERENEVHEIX S
B RIERTH Y, BICBRIERE L —H LK.
BMEXDINERKER, 1982E DB A2 ENICERT
BotM, TOFRRBAETH B, 1D 2 IOV T
b, ZOMFEOTEMINRKEICHEKT B L, K30%D
B > T D, EEIROREC L S HEOEAIN
fAbhi,

Plbiciifz kS, REROREBIGTIIBRER
AT AMEROAART A LIC LD, REEICKT
BHHETOREEHHDELBY, Thick - TRFE
RMNED L TRRIZEINT %, - T, REFORER
BT, BBCBREREZEILTVI &N, HEFOR
FEEERLIEI2EHLFRTH, BEMGICHT
BRI EO—B LI DIGS I LMD LT,

(3) HIKMEIC X ZREOBER
- MHERUAE
@ JKehizii3 5 R ETARR P O R O L A7 1A

REBSO SHWB L ABREREZM 2 anlTHYIL, #
00ml BD 75 AF v 7 BB ANBERBAKFI
A, 5, 10, 15, 20, 25CORBEICHE L ERB
R b, EPNICBRERSSKRERESM LT, Kb
KB AREEOLEHRERE L.,
® BEBIcHTsmE

IEZREM T IEAFE L/ 4 fOREISIC, 198828 A
8 HICHREBRZMYIL TEBALKRLE L, 8 A158
KBRS L, JKiEE 5 ~10micFEocdicERKE
R L. #/AMIRIZ0, 10, 20, 30B& L, 308D
HKIEEAR T, TEHIRHRICHHEL, BHIL T
B1TBcRE Lz, R FFk7a4F) 2H0, B
1815cnDEIFE L, EHEMEETHIE L, ERIEI 2K

BWE L, b, EABESI, K& KB, RUHTF
5 cn & 15en DME AR L 7o BAMBOHRIL, +18
hORFREROKYE, RRERRCNETHE LI,
® BB R

A RS, ORI L - BRERE, 1983108 2 0
CRRAFSCHEAS, BbIC (hodyaa¥] %
1B L TREBBAER L. 19845F T it iBEH O£
HIE—RRRHIEHOoNOT, RREHE L THEA
Ltze SERICHIT BEMEEOSRICT LA, 19866
I RIKAERI OB, SREBE, SR L BN
ERABXAAL, BALEOYRIREERTUEL
1o

sEoek HKEEEREIGIC BT BERFIORM

1985 1986 19817
HxEH 108 208 126
K & 25~28°C 23~28°C 19~25C
ERAR 1{X200af 1 X250t 1X2000f
BRAIE | FR2 - kovY | FK7 Koy | FR7 ko)
IRRERGEE ) 0 1084.9.12 1985.9. 17 1986.9.18
RERRE

© kehicki) 3 RBEZRMABAOKFRE O LR
FEREREBEORICR LIco RICHSOME X DI, B
RERDORFRE BB TRKD TR TRIME
FT Y, RERENE BRI » TEFHMIES
150,25 CTIRUARIIZEFRIBD TER LT -1,

ook JKhich i) B 0 AFEHIRE O EFHIR
REREDIHR (%)

REaR 5°C | 10°C | 15°C | 20C | 25°C
0 53.8 | 53.8 | 53.8 | 53.8 | 53.8
4 - - - - 36.7
7 46. 7 - 40.0 | 16.7 | 26.7
14 - - - - 3.3
56 63.3 | 50.0 3.6 0 0
112 36.7 | 26.7 0 0 0

® HESIcHT BB

EAMERR OBERIEHEREEHE0RICR L. &
CHOEE S, KERUHPEERELKELOS
AL Tz, HAKMEHE, B OREERRUR
KRIFTHEETEE LEREBE6IRISR LI, RICH
S L ST, HAKMEBROTIEBROREERIE, Bk
BWREAREWEEDIE B L, RIFERIE, 300
KLUERGBRHERT, THELFEEORATH -7,
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60k A KAEEIARh D IR BRI RS B

1~108f4 11~208fH 21~30H {4
Re | RE | RS | BE | &5 | &
273 | 19.2 | 24.6 | 18.1 | 23,9 | 15.1
(29.0) | (13.0) | (27.5) | (14.5) | (27.0) | (13.0)
34.1 | 20.7 | 28.6 | 20.0 | 23.3 | 16.4
(36.0) | (16.0) | (23.5) | (16.0) | (34.5) | (14.0)
30.8 { 21.3 | 26.1 | 21.0 | 256 | 18.2
(33.0) | €16.0) | (28.5) | (18.5) | (29.0) | (16.0)
29.1 | 22.4 | 25,4 | 21.4 | 23.8 | 19.2
(33.0) | (24.0) | (29.5) | (19.0) | (20.5) | (17.5)

&) B0EMOFEE, () RRBE

RIESEHT

% i

KR

HF 5 en

H1F15cm

F61R KBRSz BT 2 0 AFRHR DR -
' INE
kiR | LEhORREY | REER (%) THE | FxE
(B%) [ugsE |12B98 | 58178 | 68158 | (&) [(g/4)
0 1,900 | 9,800 | 36.4 86.9 2.7 216.5

10 0] 6,100 35.3 81.1 21.9 219.0.-
20 0 400 10.2 83.4 22.3 323.3
30 0 0 4.2 | 410 26.0 678.6

) mEESREL 1 gy

® BBk AR

Bl THKLEIC & 2 B ERODREE RN L8R
ZHE2RITR Lice RICBHOMEE ST, HAKMER
BIFSRRERL, WTFhOER b ENERICHE LT
TS MCIERT, BKAEIC & 0 BB BIERT 2 &
MEREaNhi,

B625k KM X B O L F AR O RE B R
(RRER)
19854 19864 19874

REX 40y (5 % 7405 ) |5 4 7 | 4000 |7 & 7
ILF|TIAF| oL F|an¥|aL#|anx

ok L1 2.1 0 0 23.6 16.7
R 12.5 16.2 0.9 9.0 48.8 99.4

1) REFBG 6 ATOIEMEL o

E I -

ILFRBRORERBICH T BPRMEE LT, XK
HEENTRESANRRETIE, 12— I LFER, 44
L, KBBEEOILFXTRERIITZLALAD SN
W8 - mG, 1937; BEM S, 1984), F 1o, N
O3 LFEFIBMELIEHRKT 3 ERFENITLA LT
Loy (BES, 1984), E43HLE0b 3, 1t
ETIRKEGRMD T LFICFKEST B IR ORE SR
B BARELT, T LFENBROBIEE DI &Y

208 [LI BRI B E, B THZ Z EHIHSMS
N (28, 1986), R E2EFILFLHEMET 2184
IKEBLTWS,

AKRI, IHEROFICE SV, BEEScE T A
IKEBOEHUERT LD TH EH, HRISRLE
LI, ZDEMIUNHERI NIz, KbhiciR Li-RRE
AR ORIRE ORI, KEASVIZ &G
T, 5CORBTEURKRICIABERAELETL,
HBAORREOIERT 5 - EHHEND bN, HARE
OBEMUITRE SN, UL, BARELIRRESM
BAORFEEZREI S8t v, zoR%
KL TORBVDOTRATS 3, BBICHIT 2 RKER
MREH B &, BRRT IR A 5 b 0% EE
ICRITTHENRREVWT EAREN, HIC30E DK
REOZENE L, ZOMBERRERIPSMET
L, TRELHEMLA, BEARTR, SRBERE b
KR IC B 2 RFERD, FUERX X DS
BRT, BKUEOHEL RSN, BHRBRICHIT
HHIKEEE, 19865EI320 BRI MR T & 1205, Fh
ADOERTRI0EHKR N 12EM & EHBIE >/, Zh
(2, KFEOHEKABITRESOKDORENE SIS 2
LBFRRTH 5, RHRORKLBRBS 2D ICHEL
BKBER, REET 2 E3EMBLAETVEVLS, Lk
L, 3LF¥ENBELTHOBET 5% TO KA NI45E
FICRREZ N, TORICEKLE, &1, i, BE%
O3, HEKBEIZ20~30EINBRETH B EEZ 5
N5, Fto, BAKLERTC BSOS Ligh
R B L 5IC, FEREL REHEETV, EREK
ECEBEI W ENLETH B,

@) FEMHERIC & 2 R DR

MERUAHE

BTARRESII] & M PEERF EHT DL Tk B Ic B V1 T,
FOIR EWOARITR LIMEN AR EMA T L F 5508
L, BRRCREOHRETE L1, #RARE IR, B
BT TFhRIILF) & Thnvy aldF), FEET
TFRT7 aLF) 2RV, BBIEHOREE, VWFh
LREEMEETITYV, RBRER, BANTIXBE0O
2RE, HFERTIXT. 3ufD 2 RIETEM L 72,75 5,
I LFZNHEROEZRE, BT TRERACHEE L
A, FEMTRBHETICE0F EIRICHXAALL,

19834EM 51985412 013 T, BARORBRXICHITF 5
TP OREERERE L7z, tEPOBRERERIE, &
HAERXD 5~ 6 00Fr, 0~10cmDFEX M SERE L 72 +48
Mo, SEIlNIFEI & - THRIE L 72,

RRAEEE, 6 AhaH S TH OO, EE20m
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FIDLZDORE OGS, BRERK 3~ 5 MFHEAL,
RRERABM LT,

$63F BYET QKRB B BIEMESR

s OER X | 1083 | 1984 | 1985 | 1986 | 1987
1 o W C \ W
2 p W P w w
1 C C W W W
2 P P w W W
3 S C W W W
1 C S P \ W
2 P S C W W
3 S C C W W
4 S P C W W

MoK W W W W w

A P: Vv H4A4%, C: byvxEoay, S TUH4
W: an¥

Fo4k FEOEBRERICH T SEFHER

R OER OIX | 1985 | 1986 | 1987 | 1988 | 1989
1 C C C W W
2 C C W W W
3 C w W W W
1 P P P W W
2 P P w w w
3. P W W W W
1 B B B w W
2 B B W \ W
3 B W W \i w
#HOofE K W W W W W

#) C: byEOIY, BiAYr oA
P:YvHA4%E, W:ILF

ES
O fefHEFRE P ORREK

o5k, FFEMEYE | FEERERIC I L FERBE
LR &, SERO L ERORFEEBOER 2R L 1,
HEXICH T 5 LETORREEE, I LFEBERD
19834108, H19844F 1 s iF TRBUHML, &K
RORERIBICcE T BHBNERER LA, KL
T, HBFEMEYE L EMRE LR TR, 2L F2ERE
L#:19834E10A LI &, HBHORFEER QMM
{, BHTEOLNVTHE L, £/, #EXTE
19844F 9 Aica A F 28R L 7cAY, 1210 LEP DR
EEEOEM L7z Jhick L, EFEEME 1 ERER
¥R Tid, 1984E1R2BIC 3B A FiIF ohTw
o, TEPORFERRMENE -7,

HeeFkIC, FHEFTEWE 2 ERIFE L X EEEXIC
BT 5, 19845FE10A H» 519854E 5 Hic o iF T, L

OEFEEROWBER L oo BIEXTIR, TLFEBE
BO198UEI0A N S 12BN T T, HEPOREREN
aftli, ChicHLT, 2ERBESEFEMERELL
RTid, 19844E 9 Bica L¥A2BEL LKL, LEBP
OFBFEROEMIIED ohd, BOTEVWUNLTH
L7, '

go5k  IEFEMEM | MK IC B B TIEHD

SRR DR
19834 19844
iK% | &
e B TR T 1R | 18 | 54 | 127
Ch | 2500 35 12| 47 0 0
CW 1030 0| o0
ch | 23500 35| 12| 12 0 0
A 413 0 0
W-W | Ch | 36200] 440| 20900 56700 0] 60700
&) HERERREL 1 gM4D
RE: Ch=Fhs aL¥, Ho=hooyaL¥
VTR I B3R E SR
wmeok FEHITEW 2 EHEEXKICET L8O
RIEER MR
19844F 19854F
HEFH [=] .
EfHE% iE 10H 28 A 5A
Ch 200 0 0 0
C-C-W ) w 0 0 100 0
Ch 0 0 0 0
P=P=W 1 200 0 0 0
Ch 0 ol 200 300
S=C-W I o 400 0 100 0
W-W-W | Ch 1700 | 60700 | 56600 | 5800

&) mEERREL 1 g %0
BfE . Ch=Fh 7 aLF, Ho=kradaLF
EfHAR I3 B63LE 2R

@ FfHEAR & BRR VIR :
POTRICEBAIC B BERER LI, FELFNE
1 MR TERE LA REEXORRERIL, SEXick
BKLTHBDTERT, REMA%2OR0ELIESLE
BThote BILO v+ HM1ELOREEXICHBIT 55K
ERMEVEENCH - 720 FRIIEME 2 EMRT IE
Rk L ARIcB ) ARRER D, EERKICHERL T
DTERT, FHFEEY 2 EREX L IEREXICE
BRMEBROERAD SN 12, FEOBRICIHFENIC
B 2ERER L. EFEMYE | FREARBRORR
ERIFBEARLORBETH B, LL, FEHFEFD
% 0 FRIR Y 3R LB A oRRERIE, #HEX
Kmﬁi%&%ébuﬁﬁfﬁotoﬁ%%%ﬁbt
EFTEMERERICILFEZ 2EMEMELTD, FK
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WOTR EHROSREBICH T BEHRE

RARER (BSYHD
1983 1984 1985 1986 1987
fEfHiER:

Ch | Ch | Ho|Ch|Ho|Ch| Hol Ch|[Ho
C-W-C-w-w| -1158| 0.5 -| -|10.0[ L0]10.4] 11
P-W-p-W-w| - 1.9 0 - -f0 0.5} 0 0
C-C-w-Ww-w| -~ -1 -! 22 0 .31 41 7.9] 5.6
P-P-w-Ww-w{ - - -[o 0 3.4] 0 2.4) L7
S§-C-w-w-w| -] -| -| o5 0.3] 0 0 |10.4] 4.8
C-S-P-W-W| -| -| - -] -1 38| 06| 7.3 ¢
P-8-C-W-W| ~| ~| - -| -] 46| 0.5/ 55 8.1
§-C-C-W-w| -| ~| —| -] -j12| o] 64| 6.0
S8-P-C-W-w| —-| - - - -]o 0 3.4 11.5

-W-W-W-W100.0( 94.6] ~-[82.7] —|[867] 460 68.3] 29.9

B) e RER6IREBR

Fo8R  RMROBREERIC B BIEfHER L

B9 REROEBREBICHT BIEIHTRE

& GBS

1983 | 1984 1985 1986 1987

ettt Ch[Ch | Ho|{Ch|Ho|Ch{HolCh! Ho
C-W-C-W-W| —| 295 %85| —| ~—{ 403 428| 240 om2
P-W-P-W-W| -i 335 318) —| - 383| 373| 280 335
C-C-W-W-W| - - —| 39| 3713 305| 305| 259] 980
P-P-W-W-W| —| -~ ~—| 329 356] 330 363) 284 263
5-C-W-W-W| —| | | 358 381 293| 305 269 210
C-8-P-w-W| ~-| -| —| = -| ao8| 35| 252 296
P-s-C-W-w| -| - -| - -| 80| 420] 316| 056
s-C-C-w-w! | | | - —| a| 43| 28| an
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Studies on Ecology of Cephalosporium Stripe of
Winter Wheat in Hokkaido and Its Control.

by
Masaharu OZAKI

Summary

Cephalosporium stripe of winter wheat caused by Cephalosporium gramineum Nis, & Ika. was first
reported in Hokkaido in northernmost Japan in 1981, The disease was severe and widespread, and it was
afraid that the disease would inhibit the production of high quality wheat grains. The prupose of this
. study was to elucidate the ecology of Cephalosporium stripe in Hokkaido and to develop a control method

for the disease. The results were summarized as follows,

1. Symptoms and the disease development

Causal fungi infect wheat in mid to late October and invade into vascular bundles. Diseased plants
showed browning of the roots and crowns, yellowing of the lower leaves, and stripes on the leaves and
sheathes, Browning and yellowing appear one month after seeding in mid October, Typical symptoms of
stripe first appear in the lower leaves inearly May next year, and develop in the uppermost leaves within
one month, Stripes on the leaf blade elongate to the sheath, Stripes were sometimes observed on the culms

and axis in severely infected plants,

2. Field survey and damage analysis

Since the disease was first reported in 1981, ets area of occurrence and severity has encreased, Owing
to crop rotation, the occurrence of disease has decreased. The disease occurs most in the winter wheat
cropping areas. The disease severity is conspicuous in continuous wheat cropping, and there is no differ-
ence between common upland fields and those converted from paddy fields.

The rapid increase of the disease is due to continuous cropping resulting from the increasing use of
converted fields, non - renewing of the seeds, and non - disinfection of seeds by fungicide,

In the severely diseased fields, wheat plants were stunted, viz., the height of plants decreases 20 to 30
9. because the length of the uppermost inter - nodes of the diseased plants decreases 60 to 809.

The disease decreases the number and the weight per panicle, which is one of the most important fac-
tors for wheat grain production, and causes a reduction in the yield per hectare, Even in cases of slight
occurrence of the disease, the regular grain number and weight per panicle are reduced, and the total loss
reaches 509 as compared with that of healthy plants,

A highly negative correlation between the percent of diseased stems number (X) and the yield (Y)
is shown, where Y=178.64—1. 89X,

3. Ecology of Cephalosporium stripe of wheat
(1) Pathogen

Conidia of the causal fungus are ovoid, unicellular, hyaline, 1.5~ 3 X 5 ~11pm, and produce
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Graminin A, Wheat seedlings of which the roots were dipped into a conidia suspension (105 to 10® spores
per ml) were transplanted into a pot. One or two yellow stripes appeared on each leaf 2 to 3 weeks after
inoculation, Inoculation test showed that the fungus is pathogenic to wheat, mountain brome grass (Bro-
mus marginatus L, ), orchard grass(Dactylis glomerata L,) , and quack grass (Agropyron repens L),

The same causal fungus was isolated form orchard grass, The causal fungus was indentified as
Cephalosporium gramineum Nis, & Ika.

Many sporodochia of the causal fungus were produced on diseased straw under humid conditions at 5
to 18°C. The optimum temperature for sporodochia formation is 7 to 15°C. Uuder natural conditions
sporodochia were produced in early October, and they are large in number on the humid ground covered
by various weeds, The seeds contaminated with the conidia produced on sporodochia develop the symp-

toms of stripe on the seedlings,

{2) Ecology of the disease occurrence

Seeds harvested in diseased fields were conta‘minated by the causal fungus not only on the surface but
also in the tissue of the seeds,

The more severe the infection in the fields, the greater is the number of seeds that were infected. The
maximum seed infestation by the causal fungus reached 24% and that of the inner fungus reached 209,

The occurrence of disease by seed infestation was very low (a maximum of 1, 19%).

Since infested seeds can infest healthy soil, they play an important role in dispersal and settlement of
the fungus, Seed infestation can be carried out in two ways : The propagules reach the seeds through the
vascular system, or healthy seeds were contaminated by the causal fungus through the harvesting pro-
cess, Infection is impssible even when healthy stems of wheat contact with infested ones in the growing
stage,

The propagules were isolated from the rhizosphere of the plants grown from infested wheat seeds, The
number of propagules is large in rhizospheres of the plants grown from the seeds from severely infected
fields, Continuous cropping by sawing infested seeds causes rapid increase of the propagules in soil, In
this continuous croppig soil the number of the diseased stems become fifty times as many as that of the
ones in previous year. In order to prevent spreading of the disease, it is important not to disperse the
propagules by infested seeds, Soil infestation can be caused by diseased plants and the infested soil car-
ried by working machines, The number of propagules in the soil is the greatest from October to March,
and rapidly decreases from April to May, and cannot be detect from June to August, They are distributed
in soil to 35em underground, and most of them survive to 20cm in depth, -

Cephalosporium gramineum was isolated from the rhizospheres of 8 grass species belonging to 8
genera, The fungus can survive in the rhizosphere of various grasées without infection. The causal fungus
survived for 300 days in the rhizospheres of 15 grass species belonging to 15 genera, In the rhizospheres of
5 grass species the fungus survived 739 days, If is sure that grass growing in the wheat field plays an im-

portant role as a source of infection,

4. Disease control
{1} Control by fungicide

® Seed disinfection

Seed disinfection by coating, sorking, and spraying with benomyl+ thirum or thirum + thiophanate
methyl is effective for control. Since these fungicides can permeate into the inner tissue of seeds, they can

disinfect the causal fungus there, A special seed disinfecting machine is useful for spraying fungicides on-

to a large amount of seeds,
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® Soil fumigation )

Application of dazomet (30 Kg,/ha) decreased the number of propagules in soil and the rate of the
diseased plants, However, soil fumigation involves a large expenditure and is impractical,

® Foliar application of fungicide _

Foliar application of thiophanate methyl or benomyl reduced the spread of stripe on flag leaves a lit-
tle, but it was unable to reduce the disease on the other leaves and sporodochia formation in soil, sugges-

tiong impractical of chemical application to control the disease,

(2) Cultural practices for disease control

@ Seeding date and disease occurrence

Early seeding increased the number of diseased plants, The later the seeding, the smaller is the oce-
currence of the disease, Late seeding within the proper seeding period is recommended,

® Management of crop residues ‘ '

When infested residues were plowed into the soil and wheat was seeded, the number of propagules re-
mained at a high level, Burning or removing the infested residues decreased the number of propagules
and the rate of diseased plants,

Infested residue should be removed when the disease occurred severely;

® Flood irrigation ‘

In the field where flood irrigation is.possible, the number of propagules and the rate of the diseased
plants were decreased by 20 days of flooding, Complete burial of infested straw in soil is necessary to con-
trol the disease. Infested straw should not be floation,

@ Crop rotation

In fields where non - host plants were grown for one or two years, the number of propagules in the soil
rapidly decreased to a low level, In these fields damaged wheat was drasticaly decreased and the yield
reached the average level of non - infested fields, Two or three year rotation with non - host plants such as

corn or potato were effective for control,

(3} Variety
Common varieties of winter wheat include “Horoshirkomugi” and - “Chihokukomugi” , The latter
variety is more susceptible than the former. A seedling test for detecting resistance was developed. In this
test, seedlings were dipped into a suspension of conidia just before transplanting, In the field test, confi-
dent results were obtained with burying inocula near seeds, CC1239-3+5 and CI11222 were promising
parental lines for resistance,

Based on these results, a method for control of Cephalosporium stripe of wheat has been established.






