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Effects of isoprothiolane on Pyricularia oryzae
Cavara. (II) Effects on hyphal mass™
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Bummary

Effects of isoprothiolane (IPT: difsopropyl 1. 3-dithiolane-2-vlidenemalonate) on hyphal mass of Purics
laria oryzee Cav, were investigated.  Preliminary to the exploration of the [PT effeces, the [PTaolerunt
tdute, designoted as PIL3, was obioined through selection of & tolemant colony which had ooginated
from n single protoplast derived from the [PT-sensitive izolnte P2 Growth of hyphal mass of P2 was
perfectly inhibited on PDA and in Vogel's liquid mediom, respectively, at 50 ppm and 25 ppm, whereas
that af PI13 was suppressed but not perfectly even at 50ppm. Any concetrations of [PT up to 50 ppm
did not show prominent effects on conidium germination ond appressorium formation of P2 bt 25 and
50 ppm IPT reduced the ocourrence of pigmented appressorom marlkedly, while [PT did net inteclers
with these evens of P112 o1 all at any concentrations up to S0ppm. [t was also Tound that young
hyphae obtaiped from the colony maorgin of P2 were more sensitive to IPT thun theee (rom the
intervening and central regions of the colony, suggesting that the IFT effects on P oryzer might be
closely associated with ages of hyphal cells: apical cells of hyphae being highly sensitive o IFT.

Intrisduetion

lsoprothislane (IFT: diisopropyl 1,3-dathiolane-2. yhdenemalonate) is known as a fungicide to specifical-
ly eontrol the rice blast disease caused by Pyricadaric orveee Cav'™,  Araki ond Miyagi" reported that
IPT perfectly inhibited hyphal growth of this fungus in 2 Hguld medium and penetration of cellophane
film and rice leaf sheath at a concentration of 10 ppm. Hirooka & «f™ swdied the effect of IFT on
penetration process of /2 oryear appressoria by micromanipulation in & scanning electron microseope and
found thet penetration of this fungus was inhibited by Wppm IPT through interference with the
emergence of infection pegs from appressoria on ree leaves. On the other hand, Kakiki and Misate
reparted that IPT morkedly interfered with faty acid® and cell wall synthesis™ of # oryeae at o
concentration of 50 ppm.

Primarily we wondered why the elfective concentration of [PT 10 P ervzae obtained by Bochemical
means ' was relatively higher than that by physiological snd cytological means'™.  Thus, we dsigned a
series of comparative experiments 10 elucidate the IFT effects on P orvzae at the levels of hyphal mass,
single hypha and protoplast solmed from hyphae by cytologics] and physiological means in more detail.
This paper describes the IPT ellects on hyphal mass as the first step,
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Materials and methods

Tesl chembcal, test fungus and preparation of hypha and conldium suspension

IPT {o49% technicnl grade, Mihon Mayaku Co. L) wos used 1o this study.  Pyricudaria anyzae Cav.
isolate P2 (sensitive o [T and isolate PITE (olerant o EPT, os described below) were used throwghont
the expertments.  The respective test fungl wers goown on PDA (potaio.dextroseagar) slants ot 25°C for
=10 days.  The hyphn suspension was prepared by adding 5 ml of sterilized deionize] water to the slant,
followed by stirving the surface of mycelind mat with o sterilized platioum laop.  To allow the [ungus to
form conidin, (L5 ml of the asbove hypha suspenson was added o V-8 juice agar mediom (V-8 hoce,
HBlml Cally, 3g debomuzed water, Tobml; agar, 15g% in Petrl dishes and expanded evenly on the
medium surface, followed by incubation at 25°C for 5 dave.  Ten ml of sterilized warer were added to the
medium and the mycelinl mat was atirred with & brush 1o relense conidia,  The conidium suspensbon was
prepared by Alration of the obove suspension of comidia and lyphae with 3 sheets of cheess cloth o
climinate [ragmented hyphae from the suspensicn. The density of conidia in the suspension was
adjisted at approximately 43¢ 107 conidia/ml with sterilized water,

Selection of the [PT-iolerant isolate

To attemgpt 1o ohtain the IPT-tolerant isolate, protoplasts were prepaced from hyphae of P2 by
employing the method previeusly described™, The protoplast suspension was adjusted 1o include
approsimately 10° prowplasts/ml, and 0.0 ml of the suspension was added 10 PDA continning 25 ppm
IPT and &6 M KOl in Petri dishes, then expanded on the surface with a sterilized glass lod.  Afrer o
Aeday incubation st 25°C, myeelinl colonies which hod originnied from isoloted single protoplasts were
transferred onwe PO conteining no IPT,  The IPT tolerance of the respective isolates was tested in
1ermis of colony dinmeter, dey weight of mycelin and conidium germinotion in the presence of various
concenrations of [PT, as described below,

Evaluation of the IPT sensitivity of test isolates

it Colooy dimmeter. The isolates of P2 and P were grown on PIA at 258°C for 8 days,  Mycelial
digcs of 6 mm dismeter were obtained from the marginal region of colony of the respeetive olotes, pnd
placed eoch on the center of POA medium containing 4, 5, 1, 25 or 50 ppm IPT.  The colony diameter
wis mensured every 2 doys pfter the start of incubation at 25°C

iy Dy weight of mycelin,  The hypha suspension of the respective isolates prepared ns above was
acded to 100 ml Vogel's liguid medium in 200 m! flasks andd incuboted on o rofary shoker ot 35°C for 43 b
Small colonies of less than | mm diameter were collected with a micropipette and resuspended in Vopel's
medium,  One half ml of ihe n:-]nn]r FUSPETESION WAS ncleled to 10 ml of "l."n:lgel'l medium in [--shuprd glasa
tubes and IPT was ndded to the incubation mixture at o final concentration of 0, 5 10, or 25 ppm at the
start of incubation.  After a 1-5 dny imcubntion on a reciprocal shaker at 25°C, mycelin in the respective
glass tubes were collected with glass filters, and then dried at B8°C for 24 hr.  Subsequently, the dry
weeight of mycelin was determined,

iii) Conidium germination and sppressorium formation,  Pieces of fileer paper, 13 1em® were
immersed in 0, 5 10, 25 or Bppme 1PT in 001 M MNe-phosphoie buffer (pH 86 Ench of them was
pluced ca 8 watch glass in & moist Petri dish. A cellophane sheet, 1301 em? which had been boiled
previously in deionized water, then dried, was placed on the respeetive picces of filter paper. The
conidinm suspensinn wis spenved aver the cellophone sheets and incubated in moist Petri dishes ot 25°C
for 24 e The rates of permination, sppressorium formation and appressorium pigmentation were
determined by light microseopy using the {ollowing equeanicns

Conidium germination rate =
Moo of germinated conidin/ Todal Mo, of conidia ohserved 31X (%)
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Appressorium {ormation rate =
Mo, of np-pr:smri.u,u"h!-l:n. af E{n‘ni.n.ulb& comidia % [0 (%]
Appressorium pigmentation rafe =
Mo, of pigmented appressorin/Total Mo, of appressorin observed 2 100 (%)

Sensitivity of myeelia of varieus ages 1o [PT

In nn‘l.-rr io End rIinrenncs n :|E:rm|!i\"||::|r i m;rr::-lil ol various ages to [PT. m}ll:hel.in] dises of 4 mm
diameter were oliained from the center to the Margin of P2 aned PI13 4:|:||.r.||1}l. :n:sp:l:livel].- {Fia. 1]-. The
respective discs were placed on PDA containing O, 5, 10 ar 25 ppm [PT and incubated at 25'C for 6 days
amel I_|'|H1 diameter of ihe ru.pﬂ:l!i.'ve catomies which lad d-u':lnped from mach dise vweas measured.
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Fig. 1. A echemaitic Ggare of 1nrn|:||h1|; myeelial dises of various ages from a
voluiy of the IPT=sensitive and -tolernnt isolaies of # oryess growing an
putslc-dextrose-agnr medisn

Hesulis
Selection of IPT-tolerant isolate

Swveral cologiies which had originnted from single peotoplasts grew on PO containing 26 ppm [PT.
Huwever, only one iselite Jormed sbundant conidin on Y-8 juice sgar medivm s similarly as P2
Vartous visible characters of ita colony sueh oz colar and growth rate were all similar to these of P2
Moreaver, this isolate showed o similar pathogenicity w e rice cultivar, Jukkokw as P2 While mycelia
of this elate wers tranefecred onto fresh PDOA repestedly, twenty times, the above characters of this
ialnte were Bot chonged st all As [or o8 we tested in the lnboratory, this isclate was different from P2
only in the [PT.tolerance. Some of the dara showing such differences berween two isolates are shown
below in detail  Thus, this solae was designoted as P13 and used in the present soudy,

Effect of IPT on mycelial growth

Incrense of colony dinmeter of P2 owos mackedly alfecred by 5 and 10ppm 10T and was almos
pl:‘:l'EECﬂ'_n' HIP—]‘H’E‘HF[‘L‘I I:-':.l' the cancentribons highl.-:r than EEI}:-].#n IfF:iE. 28 O the other hanpd, m}'EE'iiil
growih al P113 in terms of m]nn;p' thameter was nol pl’-tu'ni.n.ehl!lﬁl affected by 5-25 ppm TFT han
suppreszed markedly by 50 ppm {Fig. 2B}

The dry weight of P2 mycelia in contral promionesuly nceeased froin the Lan to the 3rd day alter the
onsel of incubation and reached a cisximuss at the 48k ﬂh}.' I_Flg,_:i.ﬁ.:l When F2 II11_.':'.‘\-E|'-IH were teented
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Fig. 2. Efivet o vanous comeentratsons af [PT on mycelial growth of the 1FT-seneigee {salote P2 (A and the
IFT-tolerunt molate P13 (B) of P oryzae on potato-dexiroseagar mediam

with 5ppm IFT, their dry weight was suppressed to incresse for inital 2 dovs and then incrensed
mackedly thereafter, In the presence of 10 ppm IPT, P2 mycelia inerensed in dey weight slowly until the
bth day nofter the onset of incubation, bui their growth wos completely suppessed by 25 ppm [PT
{Fig.3A) When P2 mycelin were grown in Vogel's medium contsining no IPT, their coleny coloor
appenred white ot first, turned bght grey at 235 day after the start of ipcubation and finally darlk grey at
3 day, However, mycelial colour appeared unaffected during o B5-day incubation, when IPT was aclded
to the medium ot any comcentrations (Fig. 3A)
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Fig. 3. Eileet af various concemrations al IFT on doy weight and mgeentadon of the 1IFT-semsitive jsolae B2
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In contrad, mycelinl growth of PLE3 was similor to that of P2 (Fig, 38, In the presence of 5 or 10 ppm
[PT, mycelinl growth of PITE was markedly suppressed for initial 2 days but inceeased rapdly thereafier
b reach the some level as that of control at the Sth day. When P13 wos treated with 25 ppa IPT, their
growth was suppressed for initin] 2 days bt recoverd graduvally thereafier (Fig, 3BL  In contrast with
P2, colony colour of PI113 turned hght grey 1o dack grey even in the presence of any concentrations of
IPT (Fig, 38)
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Effect of IPT on conidium germination and appressorium formation

When P2 conidia were trented with 5=50 ppm 1FT, their germination was annffected but appressorium
formation was considerably affected with increased concontration of IPT (Fig. 4A). The most conspi-
cucus effect appearsd on appressorium pigmentotion: pigmented appressoria oceurred ot the mie of only
ca. 15% in the presence of 25 and 50ppm IFT (Fig. 4A). By contrast, comidivm germinntion and
appressorium [ommation and pigmentation of PIL were not affected by any concentrations of IFT up m
Sl ppan, as shown m Fig 48

Senzlitivity of myeelia of various ages to [PT.
M already indicated in Fig. 2 growih of P2 mycelin was mackedly suppressed by 5-25 ppm 1T
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Fig.d  Effect of various concentrotions of [FT oo conddinm permination, appressorivm foermation aml appres-
apeniin jmprdemtatsin af e IPT=smertive ttalabe (A) and the IPT=tilerant malate (B o 2 orser an
cellaphane Gln,
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Fig. 5 Effect of varioas coneentratiors al IFT on myeelial devilopment (v myveehal diss ol vamois ages
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(Fig. 53&)  However, the sensitivity of mycelio 1o IPT was closely associated with their ages: in the
presence of 5 ppm mycelis developed from all discs which had breen obtained from various regions of the
origingd myceliol colony (Figs. 1, 5AY but in the presence of 1Wppm mycelia developed less from the dise
obtained from the marginal region of orginal colony than from ather dizscs obtainesd from the intervening
and the centrol region, moreosver, in the presence of 25 ppm mycelia never developed only from the disc
obtained from the marginad region (Fig, 3A) By contrast, PHI mycelia developed similarly from all
discs, obtained from vorious regions of original mycelial colony, at any concentrations of IPT, alihough
their growth wnded w be suppressed slightly with inceenzed concentration of IPT (Fig. 58],

[Hzeussion

When "2 myeclin were grown on PDA contmining 25 ppm IFT (Fig, 240 ond sn Vogel's lguid medinm
cantaining 10 ppm {Fig. 34), their growth was mardkedly suppressed but these concentmtions allowed the
mycelin 10 grow sbowly, respectively, during 10- and Sedoy incubmtion.  Such a slow growth indigates
that P2 mycelia were not killed by these concentrations: at lenst some of hyphae oo hyphal colls
remaining alive, and suggests the pessibility that P2 mycelin include hyphoe or hyphal cells of vared
sensitivities to [FT.  The dom of Fig. 84 lndicate that young hyphae geowing at the margial region of
"2 colony were more sensitive to [IPT than elder hyphae ot the intervening and central regions of colopy.
Similarly, Ishiznki & @l obtained the result that vounger hyphoe of the present fungus were more
sensitive o0 IBP than older cnes. They™ furthermore studied the IBP elfect on sngle hyphae and found
that they stopped elongation approximotely 10 min after the onset of weatment with 2 ppm 1BP and their
apical cells vagunlated at 50 min.  Considering the similacity of [FT and IBF in thetr elfects on hyphal
munss, it 25 pliusible thot apical cells of P2 hyphoe might be more senstdive to IPT than other older cells.

When the conidium germination was tested in the presence of IFT, s most prooinent effect was seen
in suppression of appressorium pgmentation which was associnted with sppressodum maturatson™.
This cheervation is consistent with Araki and Mivagt's results™,  These results are probably associased
with the fact that when P2 conidin were treated with IPT, their appressona failed to produce penetration
egs hecouse of their immaturty™,

Asx far as mycelinl growth and conbdium germination are concernecd, [PT was much less effective o
PT14 than to P2, Especelly at the stages [rom conidium germination through appressocum plgmenta.
tion, P113 appeared unaffected even by 50 ppm [PT. o the presence of 50 ppm and 25 ppen, respective.
Iy, in PDA and Vogel's liguid media, PI13 mycelin grew to some extent, although their growth wos
considernbly suppressed.  Thus, @ can be considered that PI13 = moch more tolerant w IFT than P2,
although it i= uncerini i present whether PII s 0 type of IFT tolemnt strabn which couses o senous
damage nn rice through s wleranes o IPT ar feld lewvel

As indicated in Figs 2 anel 3, the eflfective concentration of IPT to P2 was less in Vogels medium than
P&, A similor tendency was obtained in our previous work concerning TBP elfects.  As Yamamnto
and Hesai'™ reporied, effects of some fungicides are often influenced by the type andfor component of
the medium,  In o separmte experiment, we confirmed that the effective concentration of 1PT an P2 was
almost same in both Vogel's and potnto-dextrose laguid medin.  Thus, the above dilference of the
elfective concentrution of IFT in Yogel®s liguid mediuvm and PDA s probably due ta the tvpe o mediom.,
However, why this difference hoppens between Hguid and solid medin s uncertin ot present,
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