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(LA Nutritional biochemical Co. $) 5 kot
1474 =vE LT kinetin (BAHTHEMBD % Bl
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Fig. 13 Repeated stipe recovery from sclerotia
after the periodic removal of stipes,
—Q—Number of stipes removed at each
time (arrows); —A— Total number of
stipes removed ; —@—Number of stipes
and apothecia on the control sclerotia,

I cE D, WAL CHRILIRBER Y, T
TREBERIZTO S BWHD 5\ LNATO 54
AEHEZRNMIThSORFEIHKFERIEXhS
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B 5 KBNS T A WRENE LD
Nbo £Z T B-2fryl) acrylic acid fib 7 $pE D
WHRICBUET I I3 L (Table 26),

gibberellic acid XM RFZHLTRALLD
REL YT, kinetin (XS HB L L, T Hiz
B-(2 furyl) acrylic acid, 2, 4 D, IAA, MH, 2, 4,
5 TPA 2 X > THHMA R BR, ZOBIEHN G
7B 2hBEHIE e 5o Tiedb b auxin,
Plauxin ORIl < FEUEMNAT T hte, = hizst
U sclerin 3583 % Rt L, FDOFEAL 100 ppm
TELRYETH - %o
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EHFDPOWEORMFEMMEIX 2 h £ Tic
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Table 26. Effect of plant growth regulators on the germination of sclerotia

w265}

) Concen. i ‘%‘ GE;?]‘IinntiBh* T T
Substances tration Days after sceding of sclerotin

ppm 17 | 19 21 | 23 | 27 31

. 1 0 1.3 8.0 14.7 20,0 26,7
ffi({“"’") acrylie 10 0 0 0 0 0 0

100 0 0 0 0 1.3 27

1 0 1.3 4.0 8.0 9.3 14,7

Gibberellic acid 10 1.3 1.3 27 8.0 10.7 13.3

100 0 29 543 6.7 12.0 13.3

o 1 13 | 3 27 27 80 12.0
lntloll-%—gl}-{:;w acid 10 0 0 0 0 0 0

100 0 0 1.3 40 5.3 6.7

2, 4-Dichloro- 1 0 0 0 4] 53 10.7

phenoxyacetic acid 10 0 0 27 4.0 6.7 6.7

=t 100 0 20 20 20 2.0 6.0

. _ 1 0 0 40 53 120 140
Malelc(s;ydmzule 10 0 0 0 0 0 0

100 0 0 4] 0 1.3 4.0

2, 4, 5-Trichloro- 1 0 0 0 1.3 1.3 2.7
phenoxyacetic acid 10 0 ] 0 0 0 0
(2 4.5-TPA) 100 0 0 0 0 0 0

1 0 0 0 13 80 8.0

Kinetin 10 0 0 0 0 4.0 4.0
100 0 0 0 0 ] 0

1 13 10.7 12.0 213 203 373

Sclerin 10 Q0 1.3 1.3 6.7 13.3 18.7

100 227 .7 44.0 54.7 60.0 6G6.7

Control — | o | ‘sa o3 | w7 | 17 18.7

* Mean of 3flasks

LAl Ehsd stroma ROAEM SO 5 B4
U, OB AERRT (spermatin) iZ X 5K}
LB ET 5, DrAYTON (1934) (350 5 &K
KM 5 R 2 0% receptive body LUEUIZ R
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Yofnf DFCEA PSR E S e RINL
S haSPERE S (ascogonial hyphae) & L,

DRraYTON (1934) DU T Y25 &, DY
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Wh LA LT TIcabh Tty b L 5ic S sclero-
tiorum I X O° S. frifoliorum &=, ZONEE
S s\ TN S0 BT DAY P B IR L

T homothalic ZFD 584415 (GAuMAN,
1964), X512 BisruNGg (1952) = Xhif S
sclerotiorum ¥ L O S. trifoliorum O(-0 5 4%
SRS TR R e R o A ik e K T
D H B % (ascogeneous hypha) (LAT-D 5
FOTIHM TR (subhymenial layer) =0 {9FT
AR RNOECHRP AT D, Lichs
T 8. sclerotiorum ¥ X O MOB - B»
LR IHRIEA, SRR ERE AR
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Ticdb b Sclerotinia O ORMELRH2 65
{ELif gy, T-0 5 8BRS h D L0
haploid §ii§ilCdh 5 T-0 5 HiN (BisruNG, 1952)
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52 ERENTHE, RIFITEIL-THDH WY
LW E T D, SOYBNE I PRI & LT i
AT D AN, 1966 ; COLEY-SMITH and COOKE,
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‘7)’}1?43:1‘@%,&‘»&'3' WrEETh T b,
AP I TRHE LD & T D EER iz -
W ORI O M & DRSS IHYE TH D
e bhieh o 2oh, Bl PIc 0 5 KK
WERDHNLHAY LR LSO G R
FWEITHTH 720 Lich o THEOBIENIX
BRE IR L ORNITKBIRIED 5 DAt hit s
BOBMNEETSE A THEN, HislEmElo
“RISEATE DN BRALHDE SR ET
WAHIERENTHD,
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hTuid LEZ R, $H S sclerotiorum %t
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HE TV % (WiLLiavs and WESTERN, 1965),

W OLBISRY L Sclerotinia BELISIZ L %
COFARREIZOVTHIDN T B, Thobb, R
FLTWARATS L O T Rhizoctonia (PITT
1964), A Hin ¥ 5 Lo Verticilliuon,
Botrytis (Yu, 1945 ; FARLEY, &, 1971; JACKSON,
1972), FRUExAETB L DT Typhula, Clay.
feeps (MACONALD, 1934; CookE and MITCHELL,
1967) 7 ERUYPRL BUEIChHic > TV D, 2 h
B0 9 bR F A L i 85 fou 8,
TIE LT D ORI EEND L%
BRTLL0LDHDB L) CRFICHT L2 20
—HDNEERBRLCHWHLDEET 2 L5,

fEhic X ZMERFDORAE I L ORI NS h
TOUDETTIEDBEXHUL L S & TaRA
KIS Elc T hvTuians, 1288, L1916 (Clav-
iceps purpurea) = OWTULEHRIZ X 5 lipase
LD BV ILW—E7 1 2 - L EREIC 353
SHIMNEINOBR L EMRE X STV DH, filh
LU EE R Ae 3R Ty e U (CookE and
MITCHELL, 1969 ; COLEY-SMITH, and COOKE,
1971),

APBEORU L, S, sclerotiorum DL, -f
D5 R T L EBE OB R IBEMIZ
HDLFRIEBBTL - LiulfECh D, Tichb,
NS ST RO 4°C RIEOEIc
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BOTHLWETH Y, WEESFFRD 15°C ik
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BB ¥ 508, FORLEMCHINT D, 2o
L5 MBSO L 1o 16°C IZfihid:
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fete b, RIHF 1Tl B LN EHR AR
fifchbh e WEHEICHE L TRER LA DD
DEELBRD,

4. BFCHLEIBTEERRHOHNR
FIRETEB O HIC X - TIRER, %
SRR L LOEE AR AN EhD (CoLEY-
SmitH and CoOOKE, 1971), MHERIITHEIT D
ZholiH ORI OWToHE X 4 e <
Phymatotrichum omnivorum Z->\+T ERGLE
(1948) DHEHN B DI E Ly

Sclerotinia sclerotiorum OGS RV
BL, EEO MR L 88 & E A o
Mg ds X OV ok B AERM - - 1 47, B-1. 3
glucan THH, FORMARITH I E Fo
glycogen MEFTH TS Z LT TIZHT T W
O Lt BWEORYE, T0 5RO
W h B SR NIoMIME Pl Eh D,
AN IR R FRIC BT SO
(LA AL il O FfY 2L & & s Wl 5 ik oy
MR RGO IL 2V THRE L1

a. HEETORD

Sclerotinia =35\ 5 (-0 5 FILWULEE N &
OEEMT LML CIHtbha 26, HAEF
T A O X 5 RPN S 7e AR 06N
LT B L O BRI RIFRFO IR
HROMITIAY THHLHEL LD, ZDRD
WEMB(EYRUT M), E PO RN
DO TR DM % BEdt L Tco

(1) s XUUik

Sm-5 kT 1 v v RN 20°C T2 M
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WA LicBiB Ao gl v too SRS 7o 5 PHEK TR
DBAUIRD X 5 i LTHIGE Lo 12em JEp§
= VB O LRI ZITRLICEY Y v A
vARYY (lem M)y A, AEfKEmML 105
N 120°C CRIERE Lo 1M LA X XD
B A THRTOKMEEED, Lt 3g T
b, TONEMLIEHISTRN, L8 Licob
RORYHISFI G, Fhov v+ — Vb 250K
% 100°C T L CTEm% Ry, “hEAgile
M UBMBIRC BT DA EEOETRIL R RS
Too RFWITIG BT 4°C T 1 2 ATER
MM LD B, 16°C TR S, kAL
TIRSEHE, BRI TO SR IFTRMSE
Hicdh, RIFHRO L 15m 7o 40W E{asg
W2 ATHRPL L, FURKE 10 Afgizy + — v
3oL, Fv - VIWZEZKEDL
Al Lo RVCTREFLLHKIICOWLTLR
o frosgynd, thihoEliviik
Ltco COBELFDS WITHEADLO LEALLL
DL LT TR YMS oo ShEDS HLIEK
B FF R, v 1) — R FE S LU
FLTEHIFEL, 100 £ o ¥ 2 DLDWEAL TR
AAAD i Ol B R & LTV T,

(2) J B & W

Table 27 125k & S fEEERIK 10 0T
ZONHMNRIEL, 30 AEORBERITTT T
Filtco —H, B OS5 BHTINERIPRLE 10
BthoHXVBEHLR, O 4~V HOREN
OILENL 0 BHD 108 2 TH - 12,
Table 27 ZmaT X 9 CRIEWIMNZTD 5 84
Aol b BlbhTuaicbrnbbd, #HERDY
DWTOMMTLE R EHE TR T Tieb
H, HENEE 10 07058l 121 AOMIL
e Ztopy, BRGNS T 50 ) gl ik (G) 1
P FM23%Thoteo Linl, TOETDOHH
DA s DR T O S TR L, 40
AEIIi® 15 %10 LT, Pods, (KK S0 H
DTO S BHRE S L OGRSV DI DL
ik Licy v — v OB R Y RIED - 72
12 TH bHo
PRI RD L EEOETHLE Ky v — v
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Table 27.

Effects of germmatmn and apothecial production on the dry weight of sclerotia

l)a)s after su.dm;, of scluotla

l T | 20 ! 30 I .

R L _ _ : : -
A. % Germination of sclerotia ‘ ’ 674 91.1 t 911 l B 86.0
B. Number of immature apothecia \ ‘ 1303 88.0 66.0 { . 33.7
C. Number nf mature apothecia ] ' 5.3 { 69.0 ll 108.3 ‘ 66.3
T LD Dry wuzl:jlg)of sclerotia o \7 4624 } l(>()’9 B 14102 | 12088 | 11128
T E. Dry weu(..rlrl‘tg)of?pdlhccih 1 96 E 86.1 ‘ _3;5;4 ' 2153 [ 145.8

F. Dry weight ratio of sclerotia o )
to total dry weight (%) ! 97.7 ! 95.0 * 85.2 84.8 88.3
D+(D+E)x100 i ‘ . :
"~ G. Dry weight ratio of apothecia 1 ‘ | . -
mdeaw$M(A ! 50 | 14.8 | 152 117
+(E+D)x 100 ) , [ R

T % Dry weight of sclerotia to the ! ‘ 9.1 ‘ 83.6 r 67.8 1 719

initial dry weight

B, C=Average number per petri dish
D, E=Average dry weight per petri dish

WP T B R b LA R/ T S BRI
BT HHBEOEREIUE L, i+ 5 -
D5 GRS OO % % AR
iRy, Table 27 O TR LI, Tiebh
B OEIUTIHT O 5> REOR R HH L
TMA L, IR % 40~50 | T g0 it o

02 MM T DT A D & HE e
Lf:.o

b. BHEPORKILMRSDHEE

1O S BN 5 OGO M AT

B ounic DT ORI L B A2 B L,

(1) KEa#Eds LUk

WSO RBA I PR DA 12 %
TFUF 100°C 24 BEISEH LFF Rt L7ce S hu#e 50cc
NI AREHLTFICAR Schema 1 1253 U 7Y
FFCormighit U,

Ethanol W] i o3 it X BUHEHREH L, 302 A S0 i 4
SoMmoG1 & NELsON iz X ), &#ier ./ —n
Bk (Wi, 1989) 2 X LB IE o glucose
PGS UCH AL 101 RS YRS 2 v Tl (o
ERLI, 2R OEHER TR R LI
il R T & Ltco

BOKWE ML AT L D iR L
7 2/ - ABRRAUHC L D MR A BN L 1,

T 2N Y RSSOV T 3 548D ethanol
T B A ethanol s L UKW A Tk

PR s e B & e vkilk Uico MRk
it Lot 81,3 glucan & HR DN (U
B, 14, 1957), sKiC LB ERHBLAL O T
FEC A A F I DEAA S EB S e, B
Wit KA TR/ L, DO Iml £ 8N
H,SO, 1 ml % fnz BT Ty 10 B 100°C ©
MABM LT S ha X bic ~ghiicfime, ~
=/ = AGRBEIC X Y 2l LIS

T AN Y ARESFEEMET T HCl ZEREL,
Bk, KT ERRABRL, 7=/ 20
i X v &Rt L,

2 J % & R

H o & IR AR 2L glucose RicRTIL
LTS DO R TR L ChLOHEER
It 7e 5 (k% Fig. 14 2Lt oo Ol
TR LD BOBKE LSR5
il s LORL I,

Ethanol #[# 5y DR THIZ & 3 T 1
glucose : HZic3xh s (IR, 1950b; WaNG and
Le TOURNEAU; 1971) 2%, J{WFRRIE O Nk L Ailod
Sh¥, Tokkd edhoabii sl U T EE
{EUtehrotoo 1 trehalose EHEEXIRD (I
i, 1950 a ; Le TOURNEAU, 1966) ethanol w[{#E5}>
i OJRTEI AT O 13% (KHD 24%)
dihDH, FORURREIFWINDFE LA Ligh

2o
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Dry powder of sclerotia

Extract with 80% ethanol

Jeiitisr R

Y260

at 80°C for 30 min, 3 times

] i
Extract

!
Residue
- 1 solubl Extract with distilled water
“thanol soluble at 100°C for lhr, twice
fraction S
. | !
Extract Residue
i Extract with 2 N NaOH ut
Hot water soluble room temperature for 2 days
raction ‘ followed with a further
i . L extraction for 1 day
R ]
| i
Residue Extract
Alkali soluble
fraction
Hydrolyze with 4 N HC! at
100°C for 30 min, twice
Hydrolizate
Alkali insoluble
fraction
Schema 1. Extraction procedure of component earbohydrates fraction of sclerotia,

Tk Y RIESEILEERGE, TOoIROB
BEDINT 2t e e i Lic, =0
SrEEAE, 4119 (1957) Ak @ 8-1, 3 glucan
(Sclerotan) % filith L 7= & [il— D % TRl L=
DT, TOXREET LD 81,3 gluean &%
Zbha,

dEBE, #rd (1957) 7 A 0 Rl o ki
OWTHRF LTI D CRER Tl T A0 Y
REGBMOKIIZOWTIERYCH LN, T
VRIS X S TASIEREL 7o, U K
THBWNEH2BRD, SOFEILT OS5 BIBIK
BHFREMP Lich ot

SRR I8 5000 DT BRI ez dstF B & (ki
NHNTiieh ot COFEOANNLHEE TS
7o¥ aamylase Kk Xt f.1, 3 glucanase 12 k%
IERB R 1T o foo PEREEIIRALR Y 1T TR
BT H5WNEUH OWENRER Cbox v,
Ticdrh, HKWHEESN 75ml, 0.1 M K:EEE0

Table 28. Reducing sugars (mg) liberated from

a hot water soluble fraction with

enzymes
e — | Concen- | _Reaction time (hrs)
Enzymi,““ tration® | 3 | & 1 27
002 % trace | 014 | 012
a-Amylase 0.2 0.06 0.07 0.11
1.0 0,07 0,14 0.15
8-1,3 Glucanase - l 114 I 167 I 3.92

* TFinal concentration in the reaction mixture

% (pH5.0) 4.5 ml, B 30ml 2L,

toluene 1§f% it T 37°C it oo fEINAYYE
D5t aamylase TR TRERBEEN 0.02%,
0.2%, 10%icted 5wz, B-1, 3 glucanase
B E T D FREBTHE E LUice — MR,

EIE#i% Somogi #: (fik, 1969) 2k bihicA
1£<¢ L, SoMoGI & NELSON Pz X b 4 p it 7 il
W e (s B Uice S BUEREINIT 3513 5 il & BIS
O NEBRT 351 D% L3 & Table 28 125t L,
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Fig. 14 Changes in various carbohydrate fractions
of sclerotia during the sclerotial germi.
nation and development of apothecia
A) Apothecial production
B) Quantitative changes of carbohydrates

in sclerotia.

aamylase WML X D1 VIR T RIS RS
Do EMBBAKN KB L glycogen G %
RTUDHILBUBENTIRBDN, FORITE
Lirids siitev, —75, B-1, 3 glucanase 4R
X ) RMEOR TGRS A0 T D0
£{4»’27‘;'3'%!Dt:t 81,3 glucan :HEW Eh b,

¢ RFICHETIMAARBRIHOHR

WICHI DA L X D ISR RREL TS
AR TR BN 81, 3 glucan 2 M
BE50EREPT5 Eme 81,
DRFUEI BT HIEENELH R D, ¥ 72,
glycogen, trehalose 7o & LB St h TV 5
DT amylase, trehalase # 5\ 13 B-glucosidase
SEDHEDRYEMITHE T HIERIL L E 2S5 h
bo Lo TATICKVTIINKORY TS -

3 glucanase

U5 DK S BREEE ST O Mo o TR L T,
() N X O Hik
P ERS L OB AT X T a, b 3

LI TH DA, HHEDRF L EAROL Ficiy
AL i4m (=1 e v KBR) T

T TR TES Cldieh o o,

UK S HIEISEEOWMLIERL, R0k
HETLY, 4g (EH) “RBELI, —he
WL CIHERER K TUHB A LIcfD 9
BB L felsREDOEBKLIT R D
CELTUS FOIRBEDOT N ThERLE LI, W
it G i 2 LI LN TOIM
fEReEB MG (pH 5.0) & imz >0MEFEL, 4fd
Il Ui T 40ml & L T 2000XG, 4°C €20
SFIEIE Lo O Rif R AT E Ui,

WE A WE L @K LU To M » Th
56

B-1, 3 glucanase — Laminarin (K&K [.ABORA-
Tory CO.); B-glucosidase — cellobiose (FIY:#ti
#); amylase — W[ ifitE B E) (RDOCHERE) ; trehalase
—trehalose (R #E4K),

MRFTIR (0.5%) 2.0ml, @AM 1.0ml,
FRRERR K 1.5 ml L JFL, 37°C 1 2 05I{R -
e, e S KUDPTIS RIMA LEIE Y (1 o
Too BOGHI O TR LMD glucose 1
A B & L C SoMoGi & NELsoN #: (&l 1969)
XD MERL oo BEBHW Db Y ICMED
R Mo DRI e Ui, M2t
BRIS b DB bk 2 & BUGKRE 0 12 31 B Wi X
Ut OB ¥ LT, 37°C 2 BRRNT
UM L L, Yok Bglucosidase DX
W TILERE L 2o glucose i3 glucose oxidase,
O-anisidine Fiz X5 B FH L2 £ D Glucostat
(Worthington Biochemical Corp.) # JiivC&H:
L (it 1969),

2 91 & &N

AP OE U Ao BRI 4~5 H T R 3
Ligh, Fig 15-AIRLIACE ST I2ZHINTEZD
FeENRE LI, )i, TOOYBBERRERD
HIL, 12 H Hic AN M O P 78 &K L e o 1o A,
HRMARE Ltz B D -7 0 5 B oz
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Fig. 15 Changes in the activities of various
carbohydrases in sclerotin during
germination and apothecial product-
ion. A, germination and apothecial
production ; B, enzyme activities.

AL » i,

B REA GV AR BRI 1 ml 2 b os5EEERC
W4t (glucose M i) & LT LE, Thbb, Fig
15-B KA Hh5 X 5 RRFRBIZ Bl
fefilED B-1, 3 glucanase 35 Xt B-glucosidase
DG D Gt ht amylase 35 LU trehalase
DI EDHhish ot ChBREHKD D
H, RFCfEIGEELS W S 22 ot
8-1, 3 glucanase DL TH 725 LA LEDGME
ORIMTREIMETHEEI DL FOSHENWD
BRI T D E ECHLY » Te —JiL B
glucosidase {HUEIT YN L BHHF, FRBIoE
eI A A B vl - 2o, amylase 3
Y O trehalase DFGMEILTEERFRIUEEITIHEL
THHRERMMLIEH o 1o

dOT il o 81, 3 glucanase i L H 2 {ion 8-
glucan Dy MESHCHOGTHiIM 7 n e+ 275

Sclerotan . ’
WA B & ' o
GE ' a P e T
Laminél:i;‘g T
u® @ e PO W
TR
o @ @ -

' .
{ 6L GE LA O 30 6 10 300 400

“ —

liarker Incubation time {hrs)

Fig. 16 Thin layer chromatograms of hydrolyzates
of laminarin and sclerotan with sclerotial
8-1, 3 glucanase
Gl.=glucose; LLA=laminarin; GE=gen-.
tiobjose.

1= (T.L.C) ZiTle s tc, BIFHDOIFE»S 01
M feRg&s i (pH 5.0) Chitti L, Il ERo &S 3%
IR LT LT REEDEST L 2c L O 2B L Lo
ik laminarin 35 X O IREE A SRl BRL
= B-glucan T#H % Sclerotan (CIEBE, #7144, 1957) %
Bit s foo B BOGHELT 30 47, 60 47, 120 4F, 3004,
400 53 #5127 F huF I L SoMocr 3 (i JF, 1969)
IZ X DERICAECHR, —d e L, BB &
Lte WEHL 7 Yt S ofli F T n-butanol :
acetic acid : H,O (4:1:2) T3 10em g i
L, AgNO,; # acetone [fiifit X U8 0.4% NaOH
methanol 7 CRO S (W, HiEr, 1968),

Fig. 16 i bhd X 5izftak L e laminarin
Wi glucose ¥ EF LA, Ko Etr e & b
A glucose DA, FOAE XML,
LM Do —Ji, glucose X D FEE OG-
Ay PO S, BUEAETIC OO
MMt Ah, cOAKy Pt gentiobiose 12

-+ %, - - Ji, laminaribiose {2 §1M5F B A K o
PRI TLOMOAY TRUL A B E s
hatie DX BUNLRERRHZT 78 5 2 Scle.
rotan O 5 FEZOVGCLEB BRI,

d FOo>5888B(ICHEITIHBEFL

WS T RS NRT 30T 5 BB O ok 5) R
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HMIGHEOTEIZ OV THI B Lchd, OS5 §
s B ORI Vi L e o
oo Ko TEBITCILT-D 5 FAKKC 1T 5 &6
K or REEFH 7 502 glucose-6-phosphate JB K #
MEOWELY L O, FOSfE4 U TV-5HE
oy L DXA L 20

(1) RS X0

a JU& O N THWIT TRUK#E 3 M0
LEWETT O WS XORBTO S8 x4: U
TUSLDHHE L,

DK 5y FRBEHBE D72, (D 5S4, mIA-r-
D5 BB LW Lo T hEhup bl
FOJjikicf U TR pii Lk, RGO
FE TR~ e L VT - e, 458
RO RGFFHIEDW L Ric 50 CHHMME S D
ToAES mg MO E R AE R (glucose
Mht) THABRIEER L 1o, AR MtEho
AL B MEE T L 7 8 v R B
L LT Lowry HIiZ X2 v =/ — A BH(EIL,,
AR 1972) 2k L THBWH L, v 2/ -2
AV GFF (e300 22 He/FRL T
v teo

Jul glucose-6-phosphate B K EAF LoD C
TR (RADLOLEL), T8 % &
D 2i o PR OF ds X OSEKIN B o0 A R B #4 12
DUTHE L oo AEHIE RO R (W/W) oy
KRy HCAAL -3 86T 005 M tris-HCI & b
W (pH 7.4) X > L, FFRE A 2000 x
G T 20 5y (4°C) ki, £ o Lilf % X 612 15,000
xG T30 5 (°C) kL C, T Liff 2 8% hh
Witd & Utco SR h DA it = /7 —
ARBIZE DI EERL 12,

7 A G DU DA DI BUE ALK D 5l D T B
Do

0.05 M triethanolamine #&{fji%, pH 7.4, 24 ml;
0.1M MgCl,, 02ml; glucose-6-phosphate Na
(10 mg/ml) 0.1 ml; NADP (10 mg/ml) 0.1 m1; #
#phhig 0.2 ml,

ChoDp I B LOHIAE# L Sigma Che.
mical Co. DL DA RV,

BOG Ao 25°C izt 4 NADPH /1 2

L5t UV 200 8 double beam |05 KX SHS
X DWE Lo Thbb, FEHRHRE ey
B At ARk A% 25°C 4Eid Az 5
SRl > fo D b, BF B I T 340nm i s B
DR A LR L fee T Mo RO B
SEMTR XL gL E, f) Hhue 40D 340 22 65 NADPH
DR FRE 6.22x10% LT 7Y b4
%5 NADPH o pmol H#&LHiLi, ikt
{2 gmol NADPH/minfmg fzA X< & LTHL
o

(2) a B AW

R, TOSHRBSIONATOIRICE
T HAEMIMK; ML DTE 2L fo 8 v
Fig. 17 25t L 22,

8-1, 3 glucanase DML B DTS
BT LK, (O RN OB o5’

- iZid 54,3 Glucanase
N
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Fig. 17 Comparison between carbohydrase
activities of germinating sclerotia,
immature and mature apothecia.

e/
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Fig. 18 Activities of glucose-6-phosphate dehy.
drogenase in ungerminating and germi-
nating sclerotia and apothecia,



48 ALt £ YR B

D 2 5L LD ik A it Bglucosidase iG{kiC
VTR IR & T 0 5 F OB IREE 7o
K Hhigu A, B0 5 BTt ATk h
X D€y, —7F, TR trehalase B LT
amylase DOiSEM RS St WFITRLAL D
YIS & RN FRD b
Mmotedd, TO5BANABTIEMTILL I
AR T AL DL %L DD, trehalase §f
PERLBRAZ L o TR E MRS RS, 1D
5 M ISV TR RN F o amylase IELEIRIR
MTDOSFSHEOCTL LS, SOMMLISETD
glycogen OFHMERTLOLEELBIS,
glucose.6.phosphate B AR HF%HTEEIZDWTD
ity Fig 18 IoqR Lo RRFHKERILT
T gkl LTy B E ORI FIEIZY &
ledbabhts, i, TOSRICKT ik
RRBRGEDOWHEL DL O LD LR,

e ¥&

Afichiemclick 5ic WRCEbHES VD
WA FEIC RN » TSNS HOFD 5 &
HSWOIE AR E B8, ANUE LN MM (synchro-
nous) AT L7 7o dh SR BB O W 7e B U A
M —if R fifE T a2 Licle b, LM TR
WEPNHO G Bz st 5 Iy ZAL OB 2 % v
SRACRT S EBL L, RN L 2R ds
THL 2 6 R B O B 2 Te B0 0 73T Y 1
oMb 5 VI EHMOLZ WD Z Liticd,

UL, THERIFSRTOS|OAFTEL T
W ORI U, Fhit L LT A-1,3 glucan
MY T B O TCHS Z LAAILRI, (I
4i, laminarin %357 & L CEE DO A1, 3gluca-
nase WA A5 &, BYFMABT-O 5 BROIBIK
D S B WISESRIKRT D0 ZHHOW
Y B0 S BRI b 81, 3 glucan 2
FINshTWB EELBRS, §-1, 3 glucan (ki
Ko W TIL i laminarin (Nisiizawa, 1940
a, b) Euglenn @ paramylon (MARECHAL and
GOLDEMBERG, 1964) ¢ FIFRE 20 & % 2 BT
205 [ Tl 6z Lic k 5 S, scleroliorim
DT VT AL, 3 glucan LR R ABIFIZIZ
HERT, ML itk X of 0ol ok

qy26 %

Wilnasrfi-t 5o Fiebh b L DB T
B bBTB X 52 S. sclerotioram O Y
sk A B.1, 8 glucan (iAW E LCIREL
T b L oie# s H5h s (POTGIETER and ALEXA-
NDER, 1965; MANoKA and CoLviN, 1967; CHET
and TENIs, 1968},

R AR L O (S M b DV ik
IS5 R B E 31 5 X S i Ak FENo
Bl da e LiMbhan, S sclerofiornn @
I RNINIEE L £ 7 = voulat Lizsh i
12T 5O T« OTE % R AR o flfavg
BT A S D DR LO oDz D AT lih T
VwhHEILER BRIy A= w iy, Schizo-
phylum commune O (UETERGS T b A%
iAo MfEh o Bglucan BFJIEh 3 EHd
Mex T b (NIEDERRPUEM and WESSELS, 1969)
S. sclerotiornm OHAZ b7} A HHIEE RO HI
JRVEIEIE 35 X OTHRHEM O TS = 4 4 F — WD
—AEARB I L LMD, DA OTIRAE
YOG ORA E AL RN TE S h
RT3,

ifitgsro B-1,3 glucanuse 121 % laminarin
B LU Sclerotan DAL glucese ks LU
gentiobiose DA TAH D, laminaribiose T ofll 8-
L3 iR >0ialts ol ot
Sclerotan DO EITAEE, 13 (1961) o ki
W8 ro 1,3 f5a%xAiT5 glucose FRIEHF
3wz 2 DW4A T P-1,06 £i4 (zentiobiose #347)
Lk DT b k7 laminarin 24, B1,3 &%
Goarbite 3L,6 HEEabEEhTw3
(=0, 1969), L iz T S. sclerotiorum o7
A e S AN S At (R SERYK  (SaToMURA
5 1960 ; ErATA and SATOMURA, 1963, a2, b) &
B, D OMEILIABL =+ Yy ND AL I &
HidtE b,

{7 % D Sl ALER T8 % 19 LR AR AL SAA9IZ glycogen
Al E Ry, RBIFEPINCKT S amylase §F
fhirsh EFEB B R, AT O 5 ORI
HTHMG itk E i, —H, BMHEOH/AK
ufiE 0 amylase §§ L X B O KT AL
glycogen AHEHRANTHERTCH2 LMY
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Loty S osclerotiorum BT A RS D
iUy Phymatotrichum omivorum o 56%
B AHI &3 X LD THWMTH S (ERGLE,
1948), Ticdrt P ominivorum o §EGiix it
KA B XU ED glycogen 2T h,
DR HMFITIE amylase [EEEAAF L < HIMT D &
[ific glycogen ik MA T 5,
CORMEFMEOFIFNZ O THM S hTuie
s Poria cocos izt 81, 3 glucan o
achyman M & ¥ h, IR KL EHEEShT
\»% (REESE and MANDELs, 1959),
Shohh, AT HHEEGEMILC X D 2
Hi%) (CoLEY-SMITH and COOKE, 1971) & 2T
VAW TY Poomnivorum ¢ &3 & L T glycogen
Y REBCHAET S LD L S, sclerotiorum e &
B-1,3glucan # ELLTHIMIT D L0 LT 5
N,
Trehalose (3 S. sclerotiorum oo B35
EEnHRRICH D, RERRC BT 5 T ORI
A STV A AULEE, 1950 b Le TOURNEAU,
1966), AREL CTILRYBHS BT D 00 35 &
O N DU T fe i e D & 2 Ak e
Moty COBLELDHRMBOR MUK S
i, RYEREZIL trehalase 17 X O KEE S T FH]
xh% (HANks and SussMman, 1969), UA L
BRI 3T B trehalase SHME LA CRYEK
M THLLLH O BEHBS LV TS
FTEOLEG, BE BRI ET DAFHS
A EOBRMHLR TR TSt h T L £ 5
M, H BT trehalose X UTHiE 05 8
it sc L ELHhDd  (CoLEY-SMITH and
CooKE, 1971),
glucose-6-phosphate i & 4 8% £ G113 FEIEUZ
PTG R B EFRECSHXRBELTTO
IR ERL LSRG TR <, Ehi
FOSBMTREDLL TG EMNHGR, <D
S EMNBEEMRNL TO AW~ E LT
U CGHBETS IRBMBREEERE ORI Y (h s X
D, EREGADIGE LA = 2 A HE W X h
5o

5. RFPOFEZOBMW/LAS LUaH
(o

SHETIZW LM LIc X 51810 5 BRKOL
LU B BHHLER 2 B B IERNE L 2Rl 5
B, AAEMIZEGCLOMLBE U, TOREITE L
7 ~» T 81,3 glucanase &Pk MAT 2, — )i,
Wi % 81, 3 glucan ORI ABIA L 12
MR s L O O A IS TEIE S h D BN S
oy, —hoRREHprEo -JLTchd L
HESE L 2o L2ohho THUSBIE LU RRIC it e
o T AHBNE & Z ORISR Ic A DO E L
B EEZ LIS, FRRULKLINEEORHLEL N
IO P M XDy, Zhidfifgkic sy s
KOS o MG BIEN L DIt/ 6, Thi
WKL TGBAIRGS Ic A SO RN I B b 4
LCwWb2¢dniT4hoths,
AT o h b EWHr T 5 Kk
o, FRIHDOHE O BRI s X
CFfoSFoFMNNEMREL, S6122h60
Mo hlcAE, v EHRE SREINL LD
A BB s 7 {REROKGHK IR DM i
W TRUEBE IS R T 7 - 1o

a. BEARSE

(1) EHHHEB I NS

HERPEEAL SmS B4 v & v ENTFR TS, %
L, BREHLLOTH D, WK RREIAM
#, WPIZ X ) 16°C TRFEIE, JPOTDOH
BRI SR TR R LXK E LT
s ML 2o, WEr I el izt
< glutaraldehyde + acrolein s L¢¥ OsO, 12X %
iR & KMnOg w2 X 2 §ahilbit 0 =5m b 17/
o 1o Tes WML IV Epon I8 fif ko
iRt b LI/ LI, T
t, =3 TP GHE A: Epon 812 62ml,
DDSA 100 mi; B: Epon 812 100ml, MNA 89ml
LT A B=1:14 255G 0L L
T, Wil ofm, s DU
XTI TR Pt » T fe» 126
(2) & U
RFEEOMAE R RO MG

RE RO VT B SIHEE R O MR R A
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% &K DEAD WL AR Y OB &
IEFRTH ol Tindoh, MECHRLELLD
MRfELIc i b v EY TARDBR, HYY v
BRI OB L it (V) LD LR
(Plate 14)o U USRIz @ik (ER,
endoplasmic reticulum) 233 L < 7835 U 20454
AL ULEED B, bl o 8
(%, #EWROFTRIZ MRS c» THDHRD
DT, fMIRNOI I D DIt o THllEEie
FELTWDHLDEELBRS (Plate 14; Plate
15-1),

¥ f= Sclerotinia allii 45 L 0% 8. borealis o g3
Wi d NMnO; BlIE U2 SRWig 3338 S. sclero-
tiorum LXLL T3, Tihibb% < Ol
MR s r v FY 7TIRRRBRTF, HY
D VGRS ORPIL iihic iyt 5 L bh
Sl (V) AR EH, 25120 L il
(CW) s flicixsiftikomil (FL) »8igsh
72 (Plate 15-3, 4), Z R BILILSHEN L AR iic
B0, IR X8 BTl SRR
Ikl HIETHERZOM, B 5H it S sclero-
fiortom LI S HMONBTHBEMIZOL T
RELICBNLET 5,

FYF ORI T 2ol e LT
VEAINRITT D2 5 B Wil 22 LA TRARS e M
XA ETHDFLTWHMZ Waronin body
(WB) oLz k% & b 5 Mg 44
L2 ht (Plate 16-1, 2),

RRBEORMEY TILI— 0BT M E LT
B BTV AR RO ML BIFR KIS
VTR RO R SMPA L L TW S DML
FEUERIES hice Tichobiiinye (CW) o
Ml HE IO Bl h Ty 584 (Plate
1), Havrdiemic 2icairhCe5 UG
bAabhvte (Plate 15-2), ¥i:, #ilusEz ¥ T
W ABHEMMAERL TV Siln T hic A& h
fo (Plate 15-2), Z D44y, MiNgdEOIL XX
D RLIRIN 4 ORERARTE K & M T H o TR
i B e vl LS, il
HMEBR L2255 AMIlE L% 2 b hix
Vo ThHDMRDTOHBOELLETHICR

A fclgiiniiehicd ok,

T-0 5 BB oW -

PO I s TH RS ITBALE IS
MO FMAMB 1 R0 D T TI Ry —iF
DAMBIAEH X huie (Plate 16-3; Plate 17), =
HIT Bz b B it s L ORI D & NS Hi
VAT g L0 3 ARG Y T
LR L L Hhb,

JF, BRI D a0 LAy Lo ffial
B ARIZH O N T E LD TAMMCH D, ho%
DI EZZEFLVENNA SRS, Plate 16-3
R L BRI KMnO, MEE B hokisT
HOHN, KNI RBTERECH DRLIL T
Wi+ a0 e bhD, T OBHFHEN
AW 2 o o Fo O AN ET O B NE AW T D
S0, FOARYEHLNMOMHBERO LD LY
L EFENEAMEV . E 7 Plate 17 1S5 L %
WYRRIT 7T A5 ¢ Fofds XL O 0sOy 12 X 5 il
WHBERT RIS helISTH B0, B~
ISR THIEON T ot (DED) a4
NBEDTEORITEMNIBRS HE I Whafiyd
2L0kExbhb, COHEL KMaO, a4 &
b€, BUIEANRLL IO S F A kM %
AL, MoFOM XM oBiH Ak (MC) X
DIENEH TR

I35 % W RE T B Al (PCY D KA Ar 1A R b o
Fh 0 R HER 2 22 < A HLERIE R A (MC) &
DRERERD D THD, LA LEAINRE <
IZBOE R B 5 L DIt & Zic stk HE
MTHbh 2300800, HEOKIHE L D
BiWA AU chH 5 (Plate 17) S OHIRD
AURET SR VR S D AL R D L D L i)
Bz b, B vTFhifitMedied L
DEYEEERD,

B SRON 1 PRk THRHLAEIEON
PSRRI v~ L O i 2 0 L D
PWELTHD X SICWET Bhih, BH
(ARG &l TR D IR i 4h FT At
HAtTHE (DED) itk CgED Lo LB
L5 (Plate 18-1), < DML EIEOHILL A M
THEBELEEdIZ A= VvRROHHE Wb h b
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A%, WOEIMLOBIHLERE A2 W - TV B HEEERIC
¥C“AT=2v4" ARATVWALOLHHZA
iz (Plate 18-2),

EFLBEOHBLL TufoBlIHLE IS B TR
HAROBEMI T I T ORERMNUIECH D, Ml
HF W el bhs st (Plate 14), Lo
HE S C Lk A A R o SR HE R BITL O SE Y S ARG & 7
- C— B HHR o by &4 o bac i gl
FAMEL TR fciEL 2 ), BT
MR Dd L0 EEL bR (Plate 16; Plate 17),

FAC KO A R0 AT o B G O Bk L 4
Bl b DRI b2y FI TR LY AV~ AT
Bho I +bav VT MDDz ATISE L
BRI X IR L TS (Plate 19-1, 2), 709 48
V=4 (RIB) (2 20 S Ll b5 (Plate
19-2),

W (V) LSRRz S IS h B A, X
O OB E TR ERTv-5% (Plate
19-1) deite, MIMGIHEL T 2VGRANRD ¥l
(V) osictia:iy v vEOETEIEO N8
DR P e (Plate 17), T t, KIEMAD
Bt Ric s 530 ) VDI 2 h
%o

i, HEORBBRIZKWTT AT L FHi—
0s0, Wi afife-elfic L Lsbhic
A% (concentric membranous structure)
BEDSAIR I 2 TEic UL b led
2720

ELLED 2 &0 G105 BRSNS 5k
(LA (ORGSR & Ree D, HHBRNE AL
SHRMEM R 2 E B DT, ABEFDincRssE L
P havFITRILITEL DY HE VS — AR BDS
Nna, TiohbUEMEI s TR RGN &
BT ERIRL T D,

MLV BRI R

SN 4 Ol BN ENR (ERNTE &
intrahyphal hyphae) o ffa2 LI LIERIIE R
foo S AU RANKRO R @IS X - TR L2 b
DTHHHN, | KORIZ 1 ~ 2 r oflfnE
ThTCWHDONAMES R (Plae 20-1), )52
M oOMBRESRBAMNZEE L CuSHHRMRAR

Sk, RAETRRARBROBRBICED LH L
Hhs (Plate 20-2, 3), = h b O RMANT 35\
TIRY HE YV — 2 BT (RIB) M%7
PAFREBEDI/RLTCWRELHI a2 v VYT
(M) bbb, ZOUA, B LMk
(MCW r CW D) IZbkiE TS EE DN I A5
HZbhdh, FOLdiHTciliitihtvom
WARBTH B, ok, Sclerotinia borealis 3%
W L RO P/ A RS R W S b
(Plate 20-4),

T 5 B AL :

T-0 5 BNO MBS IR R XA S R, 4t
DS iz IS A T DI E T h¥ T
L KR, EFAROMRAS DA, BEHc
DUTIT ot SOl MERNE (CW) DIfx
(L 0.4~06 pm THRBEH R BRTRRNL
(Plate 21-1, 2), DAL A & M
b, 2L hil LoMARb bR, ¥
oADK E i O dEE R A bh b L
DLEEOHEHER BT (FM) B b Hhi
(Plate 21-1), —Jj, HIRIUPIZiZEHdTEY
DIk FYT (M) BXosEy—a (RIB) 2
Zbi, fRATHEEONMGC ERRL TV D (Plate
21-1, 2),

-0 5 58 L Ak ozt B B
i

FOTOSBHNHE» L1 LTL DL 0%
L, T0 95 8D U dao iH Bl # 68 o U N
MEMBELL, Tiobb, ZofaictuTidgl
BRI O 2 R F Lol & 7o 5 g ilaisg 2~
Wk T 5 WA D — B T 288 LIETE L T
HONRES B (Plate 22), LT Hci
HEMAZGTE D, GHHLERNE S DM X 25
S THELTCGB20W L ER S AR
Lo T b, Elo OB ORHALEH AL XX
HHEN (FL), 59 Y YRS E & A K (V)
Nabh i EAsrctiifiiiiigkomiteiL <
WAA, fliE (CW) Wl bk iR A DL
bRhTWALoX LI LIERNME L (Plae 22,
Plate 23-1),

DY RN JUTTA B o0 119 Y5 i -
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FZMTF O REEEL, BRLNMIERED
PR A #4 KMnO, B Lz b Dic2ov-Till
% L

To58%/LMHEL, TOREXILLLEEED
Wiz L A EORABE RN RTH L E L
RN L TR S h T oB#ENGaRSicbh T
% (Plate 23-2, 4), FrcEFHENEHRATLTVBE
BhhaHRMERCRIBSh SR, Z oMl
BN 2V AFOREBE LI P/ FYT
(M) R TFHlLHERAZENDGERLLZK
izl Cre @ik L HEE S hdo —JF, MM
NEEAEFRERT, TOMHENL R R - Ty
55 0% FhizilEhic (Plate 23-8),

b. 8 #§ (L %

(1) S Fe XU

Sm-5 Wk RIFhOEE RV FAA 55\
i% glutaraldehyde-acrolein #ii% (IT X, 3 ¢4
Jik L) CHl#E LI, Bl FAA €2 HIE,
glutaraldehyde-acrolein ## (JA'F GA+AC X
B) C# LM, 4°C CIRIEE 2 RCT R o1
FAA BEETiL50% ethanol, GA+AC [l TiL
Wi i (/15 M, pH 6.9) kL, ethanol,
n-butanol FFICBIAK, WBHZX DT 7 4 v
MLIo =Dz, GA+AC FElshrto—#iz 11
TLCE ki X b HPMA G T -,

LM T O AT Hiz oWk »
o

Q1) ARanEch > AT 2 B

GA+AC RiHTBIEL~F 7 4 vHIRIZS
T PAS It (FEDEr and O’BRIEN, 1968) iz
£ Bo

2) AL

GA+AC RWETHELIATF7 4 v K %
mercury bromphenol blue (Mazia &, 1958) ¢
Yot Lizo T7edod 10% HgCly (95 % ethanol
t}3) 1= bromphenol blue * 1%ic/c% L 5icim
LB TR %215 pum L, SHRIRECEEMEL <
i LT AN VIECRILE D, BT
OB CROSIEBZ LIl o TV B,
2O VREEhZDTTANY EIZ L
95% ethanol TR X1,

(3) Tyrosine &It Al

GA+AC RECEELIATF 7 4 vUHIEZD
T Millon G (JENSEN, 1962) % Zice

) v £ (RNA)

FAA 7ev-Lis GA+AC [l Lics37 4 v
% v tee Hefl 0.05% toluidine blue O %
B35 0.25% pyronine 12 X DTl o fodin T
hi pH46, 0.1 M Refibiig e BmLicb o
% Ry Foo Y (s 30 43 & L, toluidine blue O
ZoVCTIROEDR 2 A%V 7TV BT v ¥
VARBHTAML, a@iEE L (Lsown, 19
53), 7eds, S h Bz kA aifit RNA Off
XD LONEL LMD DD P % ribo-
nucrease TAM LIz, Thebb, AFAFF/FA
TR R D ofF, BT 7 4 v LIt DR HH
ERCTBEHEE L KBy » — vzl &, #A
54 ¥ ¥ 5 A LT ribonucrense 1 %7590 K%
WX - toBEH T & E AR R LT 40°C
DEREHIC 1~2 BRIE - o, KEEL kit
FI X DA fTlo oo RBIERL 7o §F 91X
Sigma #:%l, ribonucrease, type A Th 5,

G) £V YRR IR

GA+AC EEIED HPMA Sy Do
€ 0.05% toluidine blue O (piH 4.6, 0.1 M %z &E
i) XA Tl T

6) 7 =/ —n{taipd b\t s 5 = v RHH

FAA [l 23 7 4 vUie2wT Masson
ORRREIG (Lison, 1953; 4k, 1958) = X
ot W ZERMAKT2HMEH LI bDET v
% = 7 WK (Fontana IGHE) CHTMLF,
#1 36 BN ML L 78RR okt ik, S MERERE v —
&R CTIIE Lico MW7 ve =7 HiRgsH
BUTO LS L TR : SHWHREMK I W
@7 veaT7RKEmME, LECRUBRINLSE
T T T 5. XWCTEWRIHFRALTHEHTD
FCWT L, MM A8T %,

(7) =~ 7 R AR REEK G O Bl

R BOWETMS B XTEGTO 5 BFHO AR
thoBE#ETE{E % nitroblue tetrazolium # /K35
Wik LTL B~ (JENSEN, 1962), Ticib,
0.2M HEfaailig (pH7.6) sk 02M =22
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Y — #OSRGied LT 0.1% nitroblue
tetrazolium KFEWE %R 12 Bz =3 Gitidnziy
Z2mm DMX DAL BB Vi F0 5 BN e
{2 By A LEY30 S MIE T2 THa 5 37°C iz
30 Sl » 7o (AMERLHIER T AN L) E
I, GA+AC JLig CHIEE 2 /4% L, polyethylene
glycol 200 iK%k, HPMA ML, KGH
DY/ TRIHFTFAI A7 MCTH lpm OY)
Jio LM% L s,

YL Lo RIG e Tl 2 i+ R
xyene THEURZL, ¥4 54+ (HIEBRE AR
IEWERE e KO IK) TH LTz Lk,

(2} #4 4

05 BWHEISHINBLL TV 5500 PAS |§
JER P O X D Ly (Plate 24-1), 37Tz
W Hmiz Lic & S IS BIRLERR R o dkilkMie PAS
BOBEsMETH D, HIRUEDZMNEE: & B, L
o THRHEEN TR & A Effteinuilihalo 4
THLREECILEMRREMEIRIHNH B E L
T4 KU R DA FvE o BUC IR M IR O fl L8R 18 5
LOHIFETHD ERD LR,

Bromphenol blue i & % i {0 CiL 10 5 42 fiF5
Lo BREREAN 1 45 XTHE IT U Hid 3 505
AT B TREDS AR & Bl ETE R & ofilic i fn
fhic ¥ Lt b hieh o 2o (Plael 24-2, 3),
UL, BHEPHERT-O 5 BN HiGc St L
b eeR i@ i d (Plate 24-4),

¥ {2 Millon ESIZ 20T AT bromphenol
blue Hy@Bizisidd LERBEOHINAED 5 h
72 (Plate 25-1, 2, 3), — DRIEDEY, HB iz
Jeto+aH, 8 1 WL O FEERR Cianis |
SOWERF CIRMBENIEMN S D (Plate
25-3),

P LT L1 5 8IBRUSIZ BT L AL
DFRALZ ORI TR BIALER I A & ok
MMV, TO 5 RINEOHUIC BT B
TEDOEARML, &0 5 RNz
LCTRIZGRERTWALIDLER S b,

KiZ pyronine 123035 Yeffh A 205 & G5 SR
AEOFIW T i ds v T IS P o Sl AR T
FfH L D L <G EEN R St (Plate

25-4, 5)o HF\ T 5 BFHMEI VUL LMD
DY @iEn & i<, ErMmic k baEyv-Eg
BT LM P B B HRMBEAMAE L T
% (Plate 26-1), ¥ 7= toluidine blue (= X 53 {n
b Bstrda pyronine kR CH o1 (Plate
25-6) 4

JOT R B BUSE (i X D Y (kT b b if
BOEM S Y A AR (LU RNA LBE) offfic k
BHLDME MY LB o) % ribonucrease T
MLt TOHRECT O BIZ BT 5 U804
¥ (pyronine 12k %) WIS Lz (Plate
26-2), i< toluidine blue I {rnrd &0 1T IRt
I BRIE LU M OR: (kiR B s L
<MY L. Tofi Ofi#EN i S Y Gl
MEWRIZ IS L TRl did o i (il ey
UAH XS5 el it (Plate 26-3,4), =0
ribonucrease i}k O RPN LB~ X SIS
KV Y VERHICEL530TH D,

ThBDOWIHMNET-O5BINK L OTORILD
RIS 2 5 1 5 FBIE 2 RNA OfFEIZH
52 EIIUBEMNTH D,

YA TF0 5 G HIGHE R & I o SRR
st 529 ¥ vRERISREY R O A% 2D
7o HPMA 8pbjJr#% toluidine blue Ii{h L
TR LT TORM, BB s X
HRNA 2 &2 iR d & & b R R
Wb hieh ot (Plate 25-7) = DSHL I
TW ST LI T IETT DR M L i fao
GUEHHRIZ 38 2 00 & —F T 5o Yo, BUSHE
A DAL R Ol M RIEW AP, #
WO e MO X T B LORARE
ERSST/ANNRY (MR 31 ¥ Lokt R (/0 RBULAT BT O]
LEIRAICRA TS S ERRTLDEEZBRD
(Plate 25-7),

7o, R Db ORIAEIIT Sy TIREFRIIGYE:
DAREBBHEIAMMING 2ol bhi
{Plate 27-1, 2); % LT #id toluidine blue o
U TRYE RN L,

gz, MBIMERIEIT DTN LI, ot
I oIRIEIZ B BRI L OO IHERIZ 351
TH LW O RTE 385 B hvie (Plate 26-5),



e B R 3TAVARD G T R

CORBIEEELRT = /2 — AR B o
2 k% & &h (Lison, 1953), FCicHE@lL e
IO IEISOMBIERY v =/ — A ORE(ETAIC
B R ) i R NN S Y (N

a»/mMm¥W#w4wwﬁﬁmw%umu

5 E A8 d nitroblue tetrazolium O
ulUMM?a O S BNALE D O R
AT LTSS ER DD, TD 5
fHAMOLLRE, KPR oMK TR T
e ote (Plate 27-3), FABIERIBBIL Cv /e
W ORI AEICIBER TR L A L LR
o te (Plate 27-4),

e, %

WA BB TAIH - T L T O/l Y
W T i RMEO KM S O L O RMEED X
P TRV IKIEIZ B B T & DEANNGS 2 S L i
D, 2OX5 RikEORAU D - CTFD
5 B BOL 2 T 5 — Do di ek B FHidgE©
WMT B ERIEENAL TH T Thish,

Shbofifidich - TS YD Y EV/ - LB L
C2VAFORFELL: b2y FYIT7HAEDLR
AMBTHDe VAEY = 2T OTIRE LSBT
RNA & 2/ & B iF5ED T MR O B HLER X
D L& HIEMERAICRINSh A i F & T
Bo Hto, FAMEL LEERWME & himL <
W S EAHEEEN LSt S i, chboo
& BROSHIEE 2 o U CalgEX 4T %
ZEMHEEE NG,

BiALER AR EMIC W S ha 2y ¥ v
& ¥z b s R e B NOS I i g < 38
Bk, EreMEoffgaeo b oo
WP LT B L0 REh, Zhbo
WIL SEUSHI O A deic i ie D 42y ¥ VRO H
MR Eh 5, S  filldn HCA DR & M
FoTaraA¥—{kfifis L COTEMELRIT L
ELIC RNA e K ~OBBN e LToRi )
HoTwadaiELbRE (NN, 199, % 1,
Sclerotinia alliin 3 X% S, borealis O
LSRR M T ISR S s - &
1B, WHEAIERIT ST 549 Y vk © & Btk
Sclerotinia MIHZIGE LB @ Ll 2 b,

5% 26 47

B DAL T AR I 2 TS HR A &
ALELTE A M & O Ly B 2 0 e § il i
oSNz BAEM s ol 2 2 Ch D, DL
S s ifififlenc Fa8FL LT 1) fifif
XA RO SRR RS e i Bl
Alg BT s o &, ¥k 2) N R
MR 4B ka4 U, 2 h BT R AN g & HeA
MLl lekllithtsz oy B bh
ZJO

Wz DRy AL D — i AEM DL
TUHHANRM IR 5O THEBLHN s,
FbhdTEhicLhlitbhinv.c s, 2Dk)
M ORI TR TEA RS 5
2 EMBEHEHMN S D L S g lETca it s
fEfkirdicv B L bhsb,

=77, FEREARBARZ T o e
HUHEMRIEN 2 < S, borealis DIEIFMith iz d
Hohd o & bRIAURR RIS A il &
WIS A A LT SRR T VW e 4 2 Hh B,
P4 ARG oV T BULLER (1933) LAk%

DALz 2L THEY»H DD (MILLER and
ALEXANDER, 1961; KENDRICK and MNOLNAR,
1965; Lowry and SussMAN, 1966; CHAN and
STEPHEN, 1967; CALONGE, 1968; BOLLER and
SCHROEDER, 1972), {iftvd il T ol
WTHY, MR v R i - T
WLLDLHD, TDMEERTAHRINELT
lX—#o ko iz X 53E (BULLER, 1933), 5
Byt Newrospora 3 XU S. fructigenae 123
5 k5 Woronin body #FFHEILA & X ¥,
TORYLE LR DM DT (Lowry and
SussMAN, 1966 ; CALONGE, 1968) 7 & & S hTy»
L0, ffhd - o sEAlRe T B AR 4 A B A
P LT { BTl —F LT\ B, S. scleroliorum
D FEFE A Woronin body DRFUEILIE
X5 ERBbh RO BE A A U850
RARBMERER, S hEWNAEEN RO
LEGUOT HIBIBN T BB B it o iz,
rors, FEEFIH % o HHLENN S O MIREEIC M A B K
PWEL, T ) DG iisio o T LT

LAIRHERA R bRA S, RN A
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BRI D S Lk (s Lt U
W RN B ORI BRI R I & T BN
2 1 DI ETE AR RRABEIB I O -~ 0 7 1) %
RLTWA LS5, Lip s T BuLLer
(1933) deidk Con & T 2 W HIC &k » TR h
2, Wb L NERRORRICARS X DidtrL
H R ESHRFBTHD ML AR,
ZLTZDL ) RMRED RN B (LS LU
TORICKBEDEEXBRD “BIL" LT
8-1, 3 glucanase ML L T 5HLDE#EZ 5
%o

BAZT-D 5 BB OS1ET- W SENZE O JE 4L
LRSS B ILBEIE R OM U Tz b
N D WA RRYE L T < AT X233 515
ETHEOHHOUFcXORETVW32:Th
S0 =N, W WO MIZ B\ Tiz Masson ©
HBRMERIER S HIbh B &0, 2 b
ETHEEOHIURITERY 7 = / - A DTS
REoThUi2 T2 bbb HLMpER %
Abhd, ¥4 Millon OEGIIC X BELTTI
B3RO F e v 240l D2k b
¥, 20D 7 = /7 = A {LEHDIETE L R
LTUBDTHAD, TOXHIZKINIZRBAD
AT DA M WK 5 o 0 &
AR TORERZLT WD, ¥h %4 5 = v
£ O 2 95 v AL AN Kl v 78 5 gk AHEDR o $7(
H 5NN OFIRAEKER O O — 3 T B
Do Tichbb, B#ROMINIL 81, 3 glucan, 7=
AELIE ED BB 25 11 TS kLR
hichh, LEOREIEBIR7 =7 -2 {E&5HD
TFELRTLOTH B, = O ML AETFBIIE
ftem i o & (1T 30) LN+ 50, (oF
EDRIBEMNTH XS5, R0 X > o
AL BB, FEIh O ORI HLEE =M
LA LS BN O RER DI LT 54
WA HRDM8, IR e
MW & DRIANNINC e - f IR B % 5%
THDERZDTHH S5, TDUFKRIIVER Ar-
millaria mellea DR RYLO M & 12 2
bLitd f1,3 glucan FRIKEA 5 = VORI &
53LDLHBE SRS (MorTa, 1971),

MM T 5 8 &AL, ML eligko
OS2 2D &, £ OBIMETE
Dot B & & LITHRHAEM M B S RN ik U2 2
STVAHLOREBBRI, COZERRTOSH
b A1, 3 glucannse ORI E A1, 3
glucan YT 200N TN L B4 T
LI, BRERIFBROBHEMSI—TER TV D00
b bt Ao S MAMELRKT S 81,3 glu.
can, 2LAEL DML F ¥ -¥E L T
WRICHBEZhDLOTIRAEL, TorLhofk
i oERo YRR THESh TV 5 )
5 I WCIROBILIT 2 5 A b DR RIF O
RS R LT Ll e 3 (INcoL, 1959 ;
MooRE, 1965),

P LEULEGTO) gifoMio (ke
T b oAz L TL S BRV—HoMlT
HY, ThoREHCECRIO L0, i
HEAR D TR T I 25Tl B S BIRLEL
HA LR D, F AN X & = kit
A HLND W TRBHROMPWE LR 72 » Ty
Do EHLIIALTOIRALIKE LTV
X7 Y AT ORH LI b2 Y FY) 7L
i B, FHUERIESEMIC = o~ 7 BRI RS 26 10
DI E L X —#T %, Lich, il
W) & 2042 U 22U O R R R 381 B glucose-
G-phosphate B K A B% 4 1G4 0 1900 & sk,
A2 T 5 Bl #lENz e LT iRl
PERARRICIEM 200k L 35 L D h Bl {bff
MAEEEL, HEEPAMEN S LW St k
DILEGD D\ IR A e E D BRI A
foTW LD bhhs,

IV # =

Sclerotinia sclerotiorum (235t B ELSAE &
LV A M RT 5 (CHFHE DY, bl
AN O TF D I8 & D & RE DOHEH I8/
THRLTHDET Do ABRZORANG
ZIHEORA S 5w TR, A B m bt
LRI ELDELDLLDTHS,

fede, SRTETHEE OB & Lo Sy
iR LT S h, T hEFhogEa i+



56 Jeddiiar SRR o526 %

B L oIz oW TRiIz LA B S hieh o
120 S.sclerotiorum OEHBEIZ BTN A 7 =
MEL A OB RS IR BDO PP L Th T B,
U LSS b O 87 5 FHMS TSR & holc TR
JHBRICIR & A KA G IR L b BT, R
AEH L BT, Tihedbb S sclero.
forum DB OGTIL “IMRMIRS & Y
TEN ORI “BEEMRA” L8 E L S5 h
Bo BT O VCTURHBO B R MHBEITLTD
ZHE L Do T “EBIEMIKN OERFIZO
TRE{ BN e o, 2 3 v
ENF S ARAET B R F TR S hicliko
RYTWLCTH B Z &5, HIEMBO A IS
1B SOBEH & “EAENMRR” DAETT i
Li—FTA LT bhd, UL, “iiEm
BRI SR EEEE 0GR Jiic bk T
HHDM, DEGERETG, SRR L BTy dHw
SO X 5 IRBCETT M 20TILED
NS5 2 AT S,

Tods “BRIEMRBLR wha b iFfiie 1 v & v 35
HE e TR h A B OIS R ki ¢
vy 7oRE VEY-rOMPREIZE
STRERD X HIZ Edd TICHIGIE O IRTE
wh D LR RY Y R RDTL glycogen DK
il LUK O IR i it A b D L S it R
A& =BT AISRIBIZ S Do % L TREM AN
Ofifi b = DX 5 fel AR felE 2 BRI L,
Typhula sp. ORARHEIC>VLTHIEE RT3
X 5 feBliALER AR DB IER 7o LT Ze b BB
J & SRR A e @ 43 b (SurTI and CONVERSO,
1965) LW SN Tl 5T

Y b ik —BEAG IR AR TS s B AR O D
Byt i st B BHETWO MBI X - TS
D CHIE RiETH, X OIRLERTIIThIC
FH ¥ COLMGEY, HBEMRELEED—n
BRI RUBGCHD EH D, ZOTBRIZHE
€ Sclerotinia OTEHEA MBI U 24D 5 BRI
WO RBLEHEORUMAMIZHLBNEL
DTHHo LrL, TORKMNITH D\ LT
s HRY LT R LD TRy i R2HF D
WEFICYTIRDB I M LYy, Thabb, TO

PR el de BrFiu 1) BIASRS sVTEGHER
T 5O EOHINTILI, Fiiflkitsrks
DL HNPSCOREE LR TR R TDH
5o 2) TOXICLTELLEERNLTD 5 &
~DRTIXE Oz — MO KR UL B 5
7o 0ilikERY TiRinv o 3) WP HH% < DN
IO FEIILIG I (synchronous) Tlgvy 4) i
OB Sh TLffSC T IANMTD
MO RAHEN: v ~ A TR O & h & Kk
Pl Tichh, o ORFIC 3T LB
ThR IR EOBEL Niriciov, 8 £ TH
%o

AT TR O RIRIR 2T & g
Wz iem oo, BB E L o i 3%
WA (G ARMT) it &, e
BT R L 14 5 LS MR F i Ho#ny ity
O CHE KO SHRAY LM & BRI & O
[z W 7o (BRI A A BT B I L BERY T
Bo LR~ L SIS Rz~ ORISR SE
ROMECIRIGIRIBE 2, Z05HDHD L
DI et HEvF — fRO A FLABINO X 5 follIB & e
A TWHODT, HEAKDORFFTHLRLETLO
TiLfsLy UL, HHRECIw kLT
RS h i@ o U NN 2 B4 5 o R%
WMT, PRl ELBELThBRYTHLONE
Vo R T OARTEGIHAER I kiR & L THAR
XhTv- 25 (CoLEY-SMITH and CoOKE, 1971),
AR T A NOE O FH R AU Y
G HF DD FIBII AR Y 2R LT L B
e R S T ATEEM D D,

MK LEOSATIN S hd X Hile» 1ol
B don T b AL s ik X h % QS
MBS X ORI T AR S ) B h
Do FLTTOSRFHOBRENHBBTEDLLND
X 5ise o TH A ofiflE kIS st S HHE
FENRIE L 2o A1 eV O M AL (zonation) % B\ TiRm
BTV oS OYCIT i b O I ikhh Hi
P STV TN ST SRR A Tk A JRE L AR, &<
I FEIFPHLAIE DI CRITRUEM G TH EH X
LRABBHRTGEHOHELA LR S 1R IE LT
G5 Thebb, oo TMEXIDIGIEIEE
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Mk DOFHNT, Bk L OZ MR 4
TAHREGHEEREREIATLES EH LR D,
Tickt, S osclerotionm O PEEE RO BV EY
IS UCTIREBEAR 2k e U TH -yislEfiT 5
RQUR (85 1O (AP IR ANE $1:2°57 R

—Jis MK EEE D S B-1, 3 glucanase i
DI WEIEL R T O I BOEIA e HL
SHIKNL oo REBLDOEET S T B-1,3 glucan
HIMT 2 E XD T AR Y 0 HEO KK (L5
BEOSFEORFFIZE L e > TV TL o b
8-1, 3 glucanase DFHIE(LDOF HILH - KMz
BhALEL A A ORUIL L 2= 0 BOE 1 X OMEHERTIZ 55 A
+%5 B-1, 3 gluean OB, MR BHDLEHLD
N, PWIUKMNTRARIE L e s 3 5 Mtz
ZOHND LS e RSO MBS By kR A
BAR DR 7 & L BU LT % & & st
N2, UL LAl b0y e il B840 HHEsE 2 1
% B-1, 3 glucan OGRS CLL e ¢, S
WL L TRAEL, +7 v S &
LHELOLRDBDTIhOWIADFRICH T h HRE
HIGHEDO Az > TCL BN T 5 L8035 5,

S. sclerotiorum DM OMAEL - hE Tk~
LB TDOSPDOERIZH LA, HhrhT+2
Kb LELdEsnehsd, ekooBlasy s
L OEYBRIFoMNE LTbR, 05 8IBIK
EDBFIZ O TIRFE BEMN T L ol icts,
N DAV T D0 FHEM IO S
Byt glucose DIFEMIL LIS L - TRESH, HR
MIZTfiebhda8ELLIELiER D, FOEKHZ
DCTHGWOHST B L leh - 2008,
RIEEARFICL ST D) 05 BORKABHN
Ehbho bk, 2) TOEHEOHUR LI B
SAAAEBIL OSBRI Loz LT
FLL R D, T0 O BRI OB MEIC D
WTELTHRDE, Te)mmmmmmmmnm
BB OB DA LT D 2 &2 Bl — 5 5
HOHAERIZE Z)ftifitfuki":‘@i‘ﬁlflﬂ'v& xbh
Lo LAL, AKTD5 G b+ o -~
B AR A R R e T 5D TH B 5,

AR L SO BB S LTS L0
L s h s,

—Ji. WARREVIEED (L > TAHKH
WER LD ETOMNY TO SRR
5L 0WicledbtHELOLND, ¥l bR
MR EALWRM L CHiDEMET5 2 L 2vH
HELTYL (F24, 1959; Wi, 1966), #i 5t i
DKWL e & v 5 BIRTIL 10 5 e Rt &
DHBH LWL ETHLH Lish, TLEE
T DIREBD R Y10 EWEAIEL S fen Tk
2 X o T B PIPIER” T35 2 & LAk
vt Ex B D,

V % -3

NGNS, Sclerotinia sclerotiorum (L1r)
DE Bary DAL RYTINT B BIES0Y,
BRTHICHIR A L D E EDT,

1. BEERBHOMMEBEEN

(1) RAcDEUCER S h @O B mE
SRW LM ERB AL RV, RREEIICIE
FLOVGAER A BRI,

(2) glucose WA v ¥ v EAH S IC K 2
RICHHIRE M L BT C, glucose fifo o
A ENHERO L 0N hick ¥, Houston 4
WA LOEBI L 4 - 120

2. HEORRICRETEMPREREOLE

(1) P DS IR S S U T SR ) o0 HG 1Y
O R BB & L,

(2) Houston {7154 6 KB & LTSS HH
BIXURKEBOMBA DI L X, WIS hil
BOBMEMBIMLT v e = 7 BB X OHifEIE#
LDT $ VIEFHIZ LD REISARB LD S,
HRE PR L OB BN NUR M T i R
FRHLAS oo LV ERIES LR
Motz BT A 2 — ARG RN X hog -
s 1o

(3) Houston {nXKtd A L LC e 2 ¢
YHDWEE LD EEHA T LGIEZ D
B, IS R OB I L TR &
%o

(4) (R 220 O EH TS (exudate droplet) @
WP RGO (e KA BINRBO N & B
DEHEMII E ORI S0 e B AED Hh



% T E R 5526 5}

ot

3. BMRICHESHZBROE(L

(1) THEMRAROE(L L U-CIHUE AR
WA R fe A AR S e T B e, IS
o TIBIHLE W A0 e i B,

(2) BUALERPERAMIA L & LI T DHIEE
MIEML, JEE 025~046 ym DHE M E T
Bo kI HRRHIURMEA MR BER e AT T S
WEIASE L, ME 121~28 um O F Aok
WL T Bo BMHEMIL I DIZWL- DN CIET
VG MTE bR CBA T b, ¥
HMRRT & LB R,

(3) iAo MifeuE chitin, 8-1, 3 glucan, 72
AI e En b, ERB#ERMIE A1, 3 glucan, 7o
AMEL T ENBID EHER LT,

(4) HEAEWHAOMBEIZD - TUE BT
S»Ti b2y FY) 7TOEIE, glycogen ds L U Y
) vRRT OB R T ie b D,

4. BECHTIERELBORFICRIET

KE

() WXt 5 EEABTERETCO L)
O SRERAEL PRk U, 2o AP A e <
e 512 ERFMBAEITL DU DA G T,

5. HEMSOHRERLBEERFLOMNK

(1) THE»SNRERIVET LB Sy “IHARTE
P LIEA T “TOSERBY” LKL, KO
PYER % Bt L,

(2) WHARFIWEITTOS BRITLHNL
o

(3) FIARLHEIC It o B R HERT T S glu-
cose 7T¢c FIRFEFOEMT L » TR M
éhzgo

(4) WD S ORI LR L D
FLAMHEND A, LT D glucose D
miz X DETFRME IS,

(5) MFEHRMC X b HAIEH LD
SISt B 4 fE IR Ehd T,

(6) AEH HORBRME DTS L OH]
HLHEARFELERTHEM L DA, MhLE
SHRUIC & o TIRBCENRTH D020 TH
B HIE A o o

6. HERFICEIDIFOSHREDRBEL
EhiCAB5TIEEA

(1) BRI HIz» TTO 5 BEIEDTIR
CERZ IS AR BRI O RUS b Y (i D Al
JatsFi & LT bivd (i IM)O K THRIEN
B BGIENBICHESRB B G 11 W), iz
8 L7 BUL A B s (add o siy R AR U,
SO O HLER & e S AT B e D AL R T
WA (1) SOt Z®i- THv1Dd
B E LT REDD STV ),

(2) BULORILERPEIFIZ AR D LI T HH e
B U WA~AOB TR ORI TDOXR
"y, Kinorto gy 11 ekl
Vb kﬁfﬁﬁbf;o

(3) Al T BEOE LR IEIHIL 4~
35°C ERuAS, 4°C ORI BT 5 S Iy
iz TH Do

4) ZPEFM D 15°C il L v e Fricit
BOEMST-0 5 B IET 5%, 4°C Tk
ORFEEH TP THE O, TOEIMEN L £ L
Mt s, Lo LRAKEDWEY 15°CieB Tk
RHIHEL, BHWED,

(65) W AT B RBAIGERER iz o,
ST 2 R L 2o OIS o EaMimT 5 2 &
CRIRT S L LT,

6) RIPOWELLELTOAD DS 4N
WZERETH L, TOTO S HHORRTEILI
O IR T LA TOIRBULI Y ELL S
Lo COZLEMBLRBREFNBNISIHENRT DB HOH
1RSI h D10 5 RNOERIZ L D ED
HOIRENME ST D L LR,

() WA ST AROE5 R 2 1K » 6
50 gm §iEORED L ZAHTILEMAT H -
120

(8) WA LHIRE DO LDl & 2 ()
15°C Gz o & N THIEMS AL, RF LI
202 A LEiRIERIRO MR L 70 5 I )
L+ oL Ai+5 L L,

(9) S. allii, S. borealis, S. trifoliorum, Moni.
linia mali O A fORPIHE OV THIBIZL
2R, f 0O BRSO EBSS BT D ko
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fLiftds LUt M ENRiiE S. sclerotiorum &
FBCdH 5 70

7. BHERFCHZIHEBRSONR

(1) Fo5foAEitiViHKo Tk
PLt

(2) PO HRKILHIED S, FO5E
DEFEE > T OIS L 2 DX £1, 3
glucan YT H7 40 ) WHRFMTH D, eth-
anol k5 X CEATHFWH B\ LT AN Y R
i OB STk led - foo

(3) THEDEFEMN R 1T D 4 BN 57 FERY
HOWHEEZS L, RFRCHL AN 81, 3
glucanase s X ¢ Bglucosidase O FLEEiHMEMN
gy Bivies, trehalase & amylase OGR4
CHBBhigh o1,

() Thodd bRFERN ST LEOMAL
oDt #-1, 3 glucanase DA TH o foo

(5) trehalase Is K¢ amylase (4% Fa3ER M
BMRKIZE > THEEN EHBDTEI 5 12

(6) Fi¥E B-1, 3 glucanase IZ L - T laminarin
& Sclerotan (S. sclerotiorum D{ft4thed g1, 3
glucan) O MY T. L. C. 2 X D L Bk
B, R E RS L glucose & A 4D gentiobiose
THh, Lz T 81, 3 glucanase {:
= VR EHEE LT

(N WEEZECTW5TD DR EIEERIT
BUF BTG A el L2 g5E, 81, 3 glucanase
S e, trehalase & amylase §%
L1 5 BRG TRRMD - 120

(8) glucose-6-phosphate B K SRR OFREIL g
FHOL O LY BUWHIZH VTR, &6
CRYHELOTOSBBATHLLNId o1,

8. RFIOHEORMMBINSL IURAHLS

(1) PO DMK R TIL MBS IE
TERIEORIBRDIHED B izt hic il iz
D RBNRBD B R,

(2) REFEEBIHER O S MBC h Rw%
EFIBREY Y YERRMDFIOBRL 1S MO L
BELI S b2y FY 738D R
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Studies on the maturation and germination of sclerotia of
Sclerotinia sclerotiorum (LiB.) Dt Bary, a causal
fungus of bean stem rot

by
Izumi SAITO

Summary

Since the first description by Libert, Sclerotinia sclerotiorum (L.1p.) DE BARY has been recognized
as an important plant pathogen by many workers of the world because of its very wide host range
and the difficulty in controlling the diseases caused by the organism.  Thus, a number of studies
have been made on almost all aspects of Sclerotinia disease or the causal fungus itself, but many
problems still remain to be resolved.

The fungus produces black-colored sclerotia on the infected host plants. The sclerotia germinate,
usually after over-wintering in most temperate regions, to from apothecia from which ascospores
are discharged. Although infection of host plants with mycelium developed from sclerotia has been
considered as a possible mean of infection, the major source of inoculum is ascospores. Consequently,
it might be said that the factors affectig sclerotial germination, including apothecial development,
could determine disease incidence during one crop season. Because of the importance of apothecial
formation in epidemic development, many reports have been published on this phase of the life cycle
of the fungus. However, these are mainly concerned with the effects of such external factors as
light, moisture and temperature on apothecial development ; there are few reports concerned with the
internal factors involved in sclerotial germination.

In order to clarify the latter aspects of the fungus, 1 studied the morphology and physiology
of sclerotial germination of S. sclerotiorum. In this project, however, some aspects of sclerotial
maturation were also investigated because this phase secemed to be closely related to the function
of sclerotin. The present study is comprised of two parts. First the effects of nutritional conditions
on the maturation of sclerotia, especially as maturation relates to germinability, and the ultrastructural
and cytochemical changes of sclerotia during maturation were investigated. Sccondly, temperature
requirements, the development of stipes, storage product metabolism and the ultrastructural and
histochemical changes during sclerotial germination were investigated. These results are summarized
as follows:

Part. I. Maturation of sclerotia

1. Effects of nutritional conditions on the maturation of sclerotia,

The germinability of sclerotin was found to be significantly affected by the kind of culture media
upon which sclerotia were formed, even though there was no visible difference in their appearance,
such as color and shape. In an experiment using nutrient solutions absorped on sponges, the most
favorable medium for sclerotin to acquire s high germinability was bean leaf decoction dextrose
broth, and it was followed by potato dextrose broth (Fig. 1). In contrast, sclerotia produced on

Houston’s solution, a synthetic medium, germinated poorly, though they appeared to be normally
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mature.  These results suggest that such conventional indicators of maturity as development of
dark pigments or disappearance of liquid droplets over the surface of sclerotia do not necessarily
indicate the ability to germinate. Thus, in the case of Sclerotinia, when a sclerotium can germinate
to from apothecia, it has matured. The term ‘functional maturation’ may be used to indicate such
a situation.

The effects of nitrogen and carbon sources on the above mentioned maturity were investigated
using Houston’s agar as a basal medium.

The most favorable nitrogen sources for ‘functional maturation” were found to be amino acids
(Table 4).  In contrast, nitrate and ammonium nitrogen were not favorable, although the sclerotia
produced were normally mature, at least from external appearance (Table 5).

Besides nitrogen nutrition, the C/N ratio also seemed to affect “functional maturation’ of sclerotia.

The effects of carbon sources on sclerotial maturation were examined using glutamic acid as
the sole nitrogen source (Table 8-11). Whenever a given carbon source was utilizable for mycelial
growth and sclerotial production, sclerotia were functionally mature. Thus, sclerotia were produced
on the medium containing all poly-, di- and monosaccharides examined, except for sorbose on which
the fungus did not grow, and germinated normally.  Polyols were not favorable for production of
‘functional maturation’ of sclerotia, except for sorbitol on which functionally mature sclerotia were
produced.

The time required for the initiation and pigment development of sclerotia and the duration of
droplet exudation over the sclerotia were also determined for each amino acid and carbohydrate
studied {Table 6, 8-10). There was no relationship between the time thus determined and the
‘functional maturity’ of sclerotia, i. e. percentage of maximum germination (Fig. 2, 3).

In the nutritional aspects mentioned above, it is suggested that under natural conditions
‘functional maturity’ is altered in proportion to the difference of host plants or the growth stage of
a single plant.  The nature of ‘functional maturation’ is obscure, but it is likely that this phase is
different than that of vegetative growth, since the addition of vitamins to a medium is usually
favorable for mycelial growth but not for ‘functional maturation’ of sclerotia produced (Table, 13, 14).

2. Morphology and cytechemistry of sclerotial maturation

The cellular changes of sclerotia during maturation were studied by electron and light
microscopy.  Sclerotia weve allowed to mature on bean leaf decoction dextrose agar, a most
favorable medium for ‘functional maturation’.

1) Tissue differentiation of sclerotia and ultrastructural changes of component cells

A. The marginal cells of immature sclerotia lost their filamentous nature by repeated septation
(‘white’ sclerotia), and the outermost cells changed into slightly thick-walled, globose cells (‘slightly
pigmented’ sclerotia).  This was followed by the differentiation of rind consisting of darkly
pigmented, thick-walled cells. At this time sclerotia were easily separated from the underlying
colony (‘mature’ sclerotia).  In parallel with rind differentiation, the inner cells retained their
filamentous nature, but a layer which was not stained with dye gradually developed around them,
and the large central zone of sclerotia was finally occupied with such cells to form a medullary
tissue (Plate 1-1~4).

B. Electron microscopy was carried out mainly with the medullary cells of sclerotia at each
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of the arbitrary stages mentioned above and undifferentiating vegetative hyphae,
Changes in the Cell Wall

The cell wall of vegetative hyphae appeared 10 have a one-layered, homogeneous zone from
0.09 to 0.18 um in thickness. A simple, single perforated septum characteristic of ascomycetous
fungi was present (Plate 2).

In ‘white’ sclerotia, the cell wall of most of the inner cells (medullary cells) had a thickness
similar to that of vegetative hyphae. However, they were enveloped with a fibrous material in
various degrees, and in some cases the fibrous material developed into a conspicuous layer (Plate
3-2).  Subsequently, with the development of the fibrous layer, thickening of the cell wall progressed.
In ‘slightly pigmented’ sclerotia, the development of such a fibrous layer almost terminated and in
some cases its outer surface was further enveloped with a very thin, electron dense layer, even
though cell wall thickening still appeared to continue (Plate 5; Plate 6-1). As the result of such
changes, medullary cells of ‘mature’ sclerotia have two major layers; a thickened, homogeneous cell
wall and a very thickened, fibrous layer corresponding to the non-stainable layer which was observed
under a light microscope (Plate 7). A non-cellular matrix was lacking and thus intercellular spaces
were evident.

Changes in cyloplasm

Various organelles common in fungi were seen in the cytoplasm of vegetative hyphae;
mitochondria, ribosomes, vacuoles, endoplasmic reticulum, lomasomes, etc (Plate 2).

The septal pore was often seen associated with a small deposit of electron dense, amorphous
materials on the pore rim and with a number of electron dense Woronin bodies (Plate 2-2; Plate
3-1).

Cytoplasmic features of medullary cells of ‘white’ sclerotia were generally similar to that of
vegetative hyhae, except that electron dense materials disappeared on the pore rim and lomasomes
were seen 1o have more developed structure as multivesicular and multitubular bedies (Plate 4).
Significant changes occurred in mitochondria and vacuoles during sclerotial maturation. Mitochondria
with distinct cristae, usually more elongated, were still abundant in the medullary cells of ‘slightly
pigmented’ sclerotia (Plate 5-3). However, the cristae of mitochondria in ‘mature’ sclerotia were
indistinct, and thus it was not easy 1o discern this organelle at this stage (Plate 6-2). Such a change
in the mitochondrial structure reflects the decrease of O, uptake by sclerotia with maturation (Fig 5).
In vacuoles, electron dense, amorphous materials were deposited, and their volume increased as
sclerotin matured (Plate 5; Plate 6). In ‘mature’ sclerotia, numerous vacuoles almost filled with
such materials were evident (Plate 6-2; Plate 8).

2) Cytochemistry of medullary cells of sclerotia

The fibrous layer of medullary cells was found to be PAS negative and dissolved completely
in ca 23 M KOH after 2hr in the autoclave (Plate 9). Cell walls and septa were PAS positive and
remained after autoclaving in the KOH solution.  In the remaining cell walls and septa, chitosan
was detected using IKI in 1% H.SO,. Under ultraviolet light, yellow fluorescence was seen in
both the cell wall and the fibrous layer, if cells were stained with dilute aniline blue. This suggests
the inclusion of 8-1, 3 glucans in both layers despite the faint fluorescence in the latter. Medullary
cells were subjected to digestion by partially purified B-1,3 glucanase with or without papain
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(Plate 10). Tt was found that incomplete lysis of these layers occurred only by the combination of
the two enzymes. From these results it was concluded that the walls of medullary cells contained
chitin, B-1, 3 glucans and protein as components.  The fibrous layer appeared to have a somewhat
gelatinous nature, but it was not stained with toluidine blue O or alcian blue 8 GX. On the basis
of the cytochemical reactions mentioned above, the fibrous layer seemed 1o have 8-1, 3 glucans and
proteins as components.

Cytoplasm of medullary cells of ‘mature’ sclerotin was found to conain PAS positive materials
(Plate 9).  Since the PAS stainability was reduced or occasionally disappeared after a.amylase
digestion of cells, such materials were considered to be glycogen (Plate 9).  In ‘mature’ sclerotia,
the medullary cells contained many granules which showed a significant metachromasy with toluidine
blue O, PH 4.4 (Plate 9). Such granules increased in number as sclerotia matured, and probably
correspond to vacuoles containing electron-dense, amorohous materials which were observed under
the electron microscope.  These results suggested that polyphosphates accumulated in vacuoles of
mature sclerotia.  Such substances may have a role as ‘reserve phosphorous’ as shown in bacteria,
yeast and some filamentous fungi.

Part II. Germination of sclerotia

1. Effect of the low temperature pretreatment on the germination of sclerotia.

Sclerotia harvested from bean stem cultures ware stored at 4°C with or without a water supply,
—10°C and =20°C for 1 month, respectively. The sclerotia were placed at 15°C and their
germination was compared to control sclerotia stored at room temperature (Fig 6). The stimulatory
affect of low temperature treatment (chilling) at 4°C was evident when sclerotia were soaked in
water and stroed in a moist chamber through the pretreatment period. In contrast, if lacking
moisture, there was no effect due to chilling, and the germination rate at 15°C was almost the
same as that of the control sclerotin.  Pretreatments at —10 and —20°C were found to be rather
inhibitive to sclerotial germination at 15°C.

The relation between the germination rate at 15°C and the duration of chilling with moisture
within a range from 0 to 30 days was investigated. The time required to reach maximum germi-
nation was apparently reduced with the extension of the chilling period (Fig 7).

2. The development of mycelium from sclerotia and its effect on the

production of apothecia

Although sclerotia of S. selerotiorum germinate to form apothecia, mycelial production is also
frequently observed over the surface of sclerotia (Fig 8).  This phenomenon is considered to occur
as a renewed growth of inactive sclerotial cells, and thus might be included in the category of
germination.  The germination of fungal sclerotia to form mycelia has already been termed ‘“myceliogenic
germination’ (Coley-Smith and Cooke, 1972).  In this study, the above mentioned phenomenon was
termed ‘myceliogenic germination’ to distinguish it from the formation of apothecia which was in
turn termed ‘carpogenic germination.’ ‘Myeceliogenic gerination’ in S, sclerotiorunmt has so far been
treated as a problem of the infection mechanism by the fungus. However, its effect on or relation
to apothecial production is quite obscure.

‘Myceliogenic germination’ sometimes occurred in sclerotia seeded on moistened sponges or sand,

but more frequently when nutrients such as glucose or bean leaf powder were added to the medium,
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and apothecial production was inhibited (Table 16). There seemed to be an antagonistic relation
between the two modes of germination (Table 15). Thus, the production of apothecia was suppressed
in proportion to the degree of mycelial growth, and, in turn, little, if any, mycelial growth was
noted on scleroia actively producing apothecia.  The coexistence of the two modes of germination
in a single sclerotium was rare.

Such a relation was most evident on natural soil with or without glucose amendment, because
nonamended soil was not a favorable medium for the development of mycelium. ‘Myceliogenic
Qermination’ of sclerotia occurred vigorously on natural soil amended with 5% (w/w) glucose and
apothecial production was completely inhibited (Table 17). Amendments with bean leaf powder or
rice bran also inhibited apothecium production, but whether the inhibition resulted from ‘myceliogenic
germination” could not be determined because of the vigorous growth of the other soil fungi.
‘Myceliogenic germination’ was found to affect the survival of sclerotia.  About 60% of sclerotia
thus germinated were dead 130 days after seeding on the glucose amended soil.  On non-amended
soil, only about 30% of the sclerotia which germinated to form apothecia were dead (Table 18).
This suggests the rapid exhaustion of reserves during ‘myceliogenic germination’ of sclerotia in
S. sclerotiorum.

Fungistasis of the soil used was investigated by the agar disk method. Mycelial growth of
S. sclerotiorum from medullary tissue blocks and conidial germination of Penicillium spp. were
apparently inhibited on disks of water agar (2.0 mm thickness) which had been in contact with the
soil (Table 19, 20). Autoclaving the soil almost removed both types of inhibition, but a 5%
amendment of glucose partially reduced the inhibition of mycelial growth. In contrast, the
germination of ascospores of S. sclerotiortm was found to be immune to soil fungistasis, though
there was a slight inhibition of germ tube growth which was removed with glucose amendment
(Table 21). These results indicate that natural soil is a favorable medium for the functional
germination of sclerotia of S. sclerotiorum,

Since the wounding of the sclerotial rind with a needle or carborundum stimulated ‘myceliogenic
germination’, rind destruction was considered as one of the triggering factors (Table 22). However,
future research is necessary to determine whether rind destruction or the exogeneous nutrient supply
is of importance.

3. The ontogeny of apothecial stipes in sclerotial germination and factors

Carpogenic germination of a sclerotium of S. sclerotiornm is apparent when an apothecial
stipe protrudes from the sclerotium. In this study, how, where and when stipes develop from
sclerotial tissue and what factors affect the development were investigated.

1) The initiation and development of stipe primordia in sclerotia

Light microscopy of paraffin sections of sclerotia during germination indicated that four stages
were involved in stipe genesis (Fig 9; Plate 11):

The first evidence of primordium formation was detected as deeply stained areas in the medulla
near the rind of the sclerotium. These areas were composed of both narrow and somewhat broader,
thin-walled cells with dense cytoplasm (Stage 1).  Subsequently, dark pigments developed around
or inside the primordia (Stage 11); this seemed 10 result from the formation of darkly pigmented,

thick-walled cells, but their precise nature was not determined under a light microscope. A mass
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of thin-walled hyphae with dense cytoplasm arose from the stage Il.primordia and developed into a
tissue having a structure which was clearly distinguished from the medulla beneath the rind of the
sclerotia (Stage II1).  Primordia ruptured the rind and began to grow as young apotheeial stipes
(Stag 1V).

The dynamics of primordial development were investigated by counting primordia of each
respective stage seen in sclerotial sections throughout the germination period (Fig. 10, 11). It was
found that the initiation and development of primordia were not synchronized. Stage I-primordia
were first detected two days after seeding the sclerotia and increased in number.  The pigmented
primordia (Stage 11) increased with the gradual decrease of stage I-primordia indicating the advance
of stage II.  However, the number of stage Hl-primordia was low in contrast to that of stage II,
and it remained almost constant until the experiment was finished. Thus, pigmented primordia
became abundant in a single sclerotium with incubation time. From these results, it was suggested
that the development of primordia was suspended at stage II, and that most of such pigmented
primordia remained dormant while stipes initiated earlier continued to grow actively.

The distance of the initiation site of the stipe primordia from the surface of sclerotia was
determined (Fig. 12). It ranged from 37.5 to 450.0 pm with a maximum frejuency of approximately
55 pm.  Small cubes of medullary tissue obtained from mature sclerotia germinated after the surface
became darkly pigmented or after the rind regenerated, subsequently produced normal apohecia
(Plate 12). In such medullary tissue cubes, primordia were also initiated near the regenerated rind.
These results indicate that any part of the medulla has the potential for primordium initiation and
that the location of the initiation closely relates to the site of rind differentiation.

2) Primordium development in sclerotia of related species

Light microscopy was carried out with sections obtained from germinating sclerotia of S. allii,
S. borealis, S. trifoliorum and Monilinia mali (Plate 13).  In these species, stipe primordia were
also seen as cell clusters with dense cytoplasm in medullary tissue near the rind of sclerotia.  Pig.
mentation was also observed in some of these primordia: young apothecial stipes originated from
darkly pigmented cell clusters.  This shows that the developmental sequence of primordia in S.
sclerotiorum is common 1o other species of Sclerotinia or related genera.

3) The effect of temperature on the development of stipe primordia

As stated earlier, chilling moist sclerotia stimulated the subsequent- germination of sclerotia at
15°C.  In order to clarify the stimulative mechanism of chilling, sections of sclerotin were made
during the preincubation and germination periods. The preincubation temperatures were 4°C, 15°C
{control) and 25°C, and sclerotia were germinated at 15°C. These sections were then examined by
light microscopy.  Although sclerotia did not germinate during preincubation at 4°C and 25°C,
primordia were produced in these sclerotia (Table 24, 25). At both 4°C and 25°C, the number of
primordia gradually increased with time. However, pigmentation (stage II) did not occur and they
continued to grow as stage I primordia reaching the maximum size unless the sclerotia were trans-
ferred to the optimum temperature for germination. At 25°C, the developmental pattern of primordial
formation was the same as at 4°C, but there were few primordia.  Thus, pigmentation occurs in
only actively germinating sclerotia, and this in turn supports the earlier mentioned idea that the

pigmented stage (stage 11} of primiordial formation is an intermediate stage and the further development
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of such primordia is controlled by actively growing stipes. On the basis of these results, low-
temperature stimulation in a moistened condition is probaly attributed to two major facrors: (1) the
inititation of stipe primordia even at low temperature which are above {reezing but not favorable for
the usual metabolic activity, and (2) the elimination of self-inhibition in primordial growth that is
seen as dark pigmentation. This results in the accumulation of highly activated primordia in a
single sclerotium.  If such sclerotia are transferred to the optimum temperature, they germinate
readily and synchronously resulting in a high percentage of germination.

4) Regulation of stipe production from sclerotia

It was suggesd that many pigmented primordia remained dormant under the influence of some
stipes initiated earlier in a sclerotium. In order to confirm this hypothesis, the effect of removal of
stipes on stipe production by sclerotia was investigated. It was found that repeated removal of
stipes from germinating sclerotia resulted in the increased output of stipes in comparison with that
produced on the control sclerotia. If stipes were removed there was a fourfold increase in the total
number of stipes produced over that observed when stipes were never removed (Fig 13). This
suggests an inhibitive growth correlation between stipes and the pigmented primordia in sclerotia.
A similar inhibitive correlation has already been demonstrated by HENDERSON (1962) between a stipe
and its lateral branch. It was of interest, therefore, to determine whether sclerotia of S. sclerotioum
reacted 10 known plant growth regulators. Air dried sclerotia were sosked with and allowed to
germinate in solutions of 1 to 100 ppm of gibberellic acid, kinetin, auxins, anti-auxins and sclerin.
Of these, the only substance to stimulate germination was sclerin, a metabolite of S. scleroliorvm
which is known to be a physiologically active substance (Table 26).

4. Carbohydrate metabolism during germination

Although much is known about the component carbohydrates of sclerotia of S. sclerotiorum,
their utilization during germination has received little attention. In order to study this aspect of
sclerotial germination, changes in the dry weight, enzyme activity and the component carbohydrates
of sclerotia were determined during germination.

1) Changes in dry weight

The dry weight of sclerotia decreased gradually but steadily with the production of apothecia.

2) Quantitative changes in component carbohydrates.

A sample of powdered sclerotia was successively extracted with boiling 80% ethanol, distilled
water at 100°C and 2 N NaOH at room temperature. The residues were further hydrolyzed with
4 N HCI at 100°C. Of these fractions that extracted with 2 N NaOH was found to be a major
component of sclerotia and likely to correspond to Sclerotan, a $-1, 3 glucan which had already been
isolated by Kitahara and Takeuchi (1962) under the same conditions. Only this fraction decreased
markedly in parallel with apothecial production (Fig 14).  This indicates that the above mentioned
reduction in sclerotial dry weight is mainly due to the utilization of #-1,3 glucans for apothecial
production.

Quantitative changes in other fractions were not significant during germination and apothecial
production.

3) Changes in enzyme activity

The activity of several cardohydrases in 0.1 M, pH 5.0 acetate buffer extracts was determined
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(Fig. 15).  Mature sclerotia, immediately prior to seeding, had weak but detectable 8-1, 3 glucanase
and B-glucosidase activity, but there was no amylase or trehalase activity.  With the beginning of
germination, the activity of B-1,3 glucanase apparently increased, whereas f-glucosidase activity
remained at the initial level until the experiment was terminatdd. The increase in -1, 3 glucanase
activity was most pronounced when apothecial stipes were actively produced. This agrees well
with the reduction in amounts of the 8:1, 3 glucan fraction.  Propably, 81, 3 glucans involved in
cell walls or fibrous layers of medullary cells are modilized by 81,3 glucanase and utilized for
apothecial production.  On the other hand, amylase and trehalase activity were very weak during
the experimental period.  As glycogen is detected cytochemically in medullary cells, its phospho-
rylation is expected.  Trehalose is also a well known soluble component of sclerotia. However,
its role and behavior in germination were not apparent from the presnt results and further studies
are required.

The activities of enzymes of carbohydrate metabolism were compared between the different parts
of germinating sclerotia where mature apothecia were seen, i. e. mature apothecia, stipes (immature
apothecia) and sclerotia (Fig. 17).  The specific activities of 8-1, 3 glucanase and B-glucosidase were
highest in the sclerotia. At later periods of germination, when most stipes had developed into
mature apothecin, weak, but detectable amylase and trehalase activity were found in the respective
parts. In this state, the specific activity of amylase was highest in mature apotheia, but the trehalase
activity was almost equal in the three parts.

The specific activity of glucose-6-phosphate dehyrogenase was also compared in ungerminating,
germinating sclerotia and apothecia including stipes (Fig. 18).  The highest activity was found in
apothecia. By contast, in germinating sclerotia, activity was very low, though somewhat higher
than in ungerminating sclerotia.

These results clearly show the difference of physiological states between apothecia and sclerotia ;
the biosynthesis of materials needed for cellular construction is promoted in stipes and apothecia.
In contrast, the catabolism of endogeneous reserves takes place mainly in the medullary cells of
sclerotia.

5. Electron microscopy and histochemistry of germinating sclerotia

1} Electron microscopy

As stated earlier, stipe primordia differentiate from medullary cells near the rind of selerotia.
Therefore, electron microscopy was carried out with sections taken from the circumference of the
medulla of germinating sclerotia.

In most of the medullary cells of germinating sclerotia, vacuoles filled with polyphosphate-like
substances were still prominent in the cytoplasm and mitochondrial degeneration was still evident
(Plate 14). Thus, there is not a singnificant difference between the metabolic activities in most of
the medullary cells of germinating sclerotia and those of matured but ungerminating sclerotia.
However, a remarkable development of endoplasmic reticulum and zonation of cell wall character-
istically seen in the former.

On the other hand, the cells composing the stipe primordia were easily distinguished from such
undifferentiated medullary cells (Plate 16-3; Plate 17). The primordial cells were quite irregular in

their shape and size, and had thin homogeneous walls lacking fibrous layers. More characteristically,
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there were many ribosomes and mitochondria with distinctive cristase reflecting their high metabolic
activities (Plate 19). Polyphosphate-like substances were not seen in vacuoles of primordial cells.
Such substance were found to decrease in volume in the vacuoles of some adioing medullary cells,
suggesting their utilization as energy sources.

Stage Il like primordia with electron-dense deposits were occasionally observed (Plate 18).
However, such deposition occurred not in the cell walls but in the intercellular matrix of the
primordia ; it appeared in fibrous materials remaining among cells or also in the fibrous layer of
adjoining medullary cells. Thus, pigmentation observed with light microscopy may have originated
in fibrous materials, presumably from their melanization.

It was of interest to know how primordial cells, thin-walled and lacking fibrous layers, are
differentiated from medullary cells. Direct outgrowths of medullary cells could not be found.
However, there were some endo-hyphae like cells which appeared to be produced by separation of
two different layers occurring in the thickened wall of medullary cells (Plate 20). Such endo-hyphae
like cells seemed to have higher metabolic activities than undifferentiated medullary cells, because they
had many ribosomes and mitochondria in the cytoplasm. Thus, it is suggested that the development
of endo-hyphae like cells is the initial step of cellular differentiation.  Cells thus grow from inert
medullary cells, lysing their mother cell wall and the fibrous layer. If these suggested processes
are correct, the zonation in medullary cell walls mentioned earlier is a prerequisite for cellular
differentiation, and in turn B-1, 3 glucanase also functions in such processes. As in many fungi,
endo-hyphae occur in a dead cell by cell protrusion through the speptal pore from an ad,oining
living cell. Consequently, the above mentioned situation may be termed ‘ecdysis’ of cells rather
than endo-hyphae formation.

An electron microscope study was carried out with decayed sclerotia from which many apothecia
were produced. In the medulla of such sclerotia, cell walls had almost disappeared and fibrous layers
were largely decomposed (Plate 23). These results indicate the consumption of component materials
such as f-glucans or proteins of such cells during apothecial production.  However, fibrous layers
were sometimes seen to be intact. This suggests that fibrous materials are not completely consumed as
reserves and have another function.  Presumably, they also have a role as water reservoirs to
tolerate dry conditions, since they are somewhat gelatinous in nature.

The ultrastructure of young apothecial stipes was also investigated.  Numerous mitochondria
and ribosomes were observed in the cells constituting stipe tissue, indicative of the active synthesis
of ribonucleic acids and high metabolic activities in such cells (Plate 21).

2) Histochemistry

An intensive PAS reaction was detected in stipe primordia (Plate 24). Since the sections were
not celloidin-coated, such PAS positive materials are likely to be insoluble polysaccharides of the
cell wall.

Mercuric bromphenol blue and the Millon reaction showed that protein ~oncentration was not
high in primordia at stage I. However, the reaction besame more intense in primordia as they
developed and was most intense in the apical regions of young growing stipes (Plate 24; Plate 25).

Ribonucleic acid (RNA) distribution was studied by pyronin or toluidine blue staining and its

specificity was confirmed by ribonuclease treatment of sections (Plate 25; Plate 26).  There was a
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remarkable difference of RNA content between primordial and non-primordial regions of the medulla
indicating the active synthesis of RNA in primordial cells. In young apothecial stipes, intense
staining with pyronin was in the apical region and in some cells distributed in the central zone.
The use of toluidine blue gave a differential staining effect to distinguish between RNA which
stained blue and polyphosphate like granules which stained reddish purple. Such granules were not
found in primordia and decreased in some adjoining medullary cells. These distribution patterns of
RNA and polyphosphate-like granules correlate well with the results of electron microscopy on the
primordia and surrounding medullary cells which showed an increase of ribosomes and decrease in
the contents of vacuoles.

The use of Masson's ammoniacal silver nitrate reagent gave an intense black depositions in
primordia, especially in those pigmented (stage I1) as well as rind cells (Plate 26). This suggests
that phenolic compounds are localized in primordia, and that their pigmentation at stage II resulted
from melanin formation from the oxidative polymeryzation of polyphenols.  Since pigmentation of
primordia is restricted within the fibrous materials, as was indicated with electron microscopy,
phenolic compounds are probably contained in such materials.

Succinate dehydrogenase acttivity was histochemically investigated using nitroblue tetrazolium
(Plate 27).  Blue black depositons of formazan were detected in the cells composing the central
region of young apothecial stipes. However, no detectable activity was detected in the non-primordial
region in the medulla of germinating sclerotia.  These results correlate well not only with the
ultrastructural evidence of mitochondrial development but also with the promotion of G-6-P

dehydrogenase activities in apothecial tissues.





