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ABSTRACT

/When %otrytls allii was grown in the presence of vapour
of pentachloronltrobenzene, or isomers of tetrachloronitrobenzene,
slow growing nycéliun was produced composed of swollen distorted
hyphae, Sporulation was reduced or suppressed, Sooner or leler
variants appeared which had the following characteristics:

(2) in absence of fungicide, hyphae, sporulation, and growth
rate very sinmilar to thosc of parent,

(b) in presence of funglclde, gspores gerninated rore rapidly than
thoge of parent in the same conditions, Growth rate of
hyphae from‘mycelial discs wag little affected, and the
hyphae were nomal in appearance, '

QB31stant varients grown in liquid nediunm in the presence
of the fungiciles utilized carbohydrate riore efficiently than did
the parent in the same conditions.,

Fxperinents with these variants produced evidence of a
cormon adaptation mechanign as well as for a nore specific one.

These variants were used in conjunction with other
halogenated nitrobenzenes, with 2:3:5:0 tetrachloroaniline, and
with 2,6 dlchloro~4-n1troan111ne, Resistance to tetrachloro~
nltrohenzenes always conferred gone resistance to the other con-
poundss . The 2:3:4:6 tetrachloronitrobenzene resistant strain
grew slowly in concentrations of 2,4~ and 2,3 dichloronitrobenzene
which killed the parent isolate,

. The resistant strains showed a graded tolerance to the
halogen series of 2,5 subgtituted nitrobenzenes in the order I>
Br > Cl,

The growth of the 2:3:4:6 tetrachloronitrobenzene
resistant strain was unaffected by concentrations of benzene
vapour which retarded the growth of the perent isolate,

Myceliun of resistant strains retained their resistance
to pentachloronitrobenzene, and tetrachloronitrobenzenes for at
least 18 months under ordinary cultural conditions in the absence
of fungicides.

vwhen Trichoderma viride was grown in the presence of
Natr1chloromethylnercanto-4-cyc1ohexene 1,2~di~arboxinide (captan)
digpersed in agar, growth was abnormal, sporulaﬁlon was retarded
and the growth rate was reduced,

Captan "trained" mycelium grew nore rapidly than the
parent isolate on agar containing capton, or certain captan ana-

logues, but lost this ability after 2 months sub-culture in the
abgence of fungicide,
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I INTRODUCTION

The extensive’usé'of fungicides, insecticides, and
nenatocides in agriculturc reflects attempts at control and
therapy in plant pamhology, A serious threat to these efforts
appears in the developnent of resistance to insecticides, and
perhaps a greater potential threat lies in the acquired resistance
to fungicides under field conditions, Laboratory studies have
.shown +that resistant straiﬂs of many fungi are produced by sub-
jéction to éub—lethal doses of toxic substances, bThis relation~-
ship between organisns and toxic substances is nanifested inv
several fields of biology. The phenorenon of acquired résisténdé”
ney be incorporated in the term adaptation Stanier (1953),

"In its broadest usage ik describes the
totality of the various processes of
change which confer cn an'organism
fitness to its enviromnent',

The following laboratory studies were designed to
investigate the nafure and extent of adaptation in Botrytis allii -
to chlorinated nitrobenzenes and related coﬁpounds, and in w

Irichoderma viride to captan and its analogues..
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II _REVIEW OF LITERATURE

1. Adaptation

Certain fungicides introduced in the nineteenth century, e.g.
sulphur and Bordeaux miiture have been used extensively against
powdery and downy mildews, but the literature contains few records
of the appearance of strains resistant to their action., Horsfall

(1956), stated that to achieve the same control of Phytophthors

infestans on potato along the Atlantic seaboard of America with
Bordeaux mixture required a £hreefold increase in spraying compared‘
with‘that gixty years ago., This might mean the existence of
gtrains resistant fo copper, The spore germination studies of

Taylor (1953), have shown that spores of Physalospora obtusa from

orchards continually sprayed with Bordeaux mixture are more re-—
sistant to copper than those from unsprayed orchafds. A’further
instance of acquired resistance is rec;rded by Littauer and Gutter
(1953), who reported that control of Diglodia natalensis on oranges

by diphenyl is now adversely affected by diphenyl resistance.

Brown (1953),’fOUnd that control of Botrytis cinerea on lettuce
could be obtained by dusting seedlings with pentachloronitrobenzene
(PCNB), before planting. Previous to 1954 this compound and the

related 2:3:5:6 tetrachloronitrobenzene (TCNB), were the only

recommended chemicals for control of Botrytis cinerca under field

conditions, A recent paper by Way and Keyworth (1959), on this
disease mentions that advisory officers and growers»find that

the control given by these substances is inconsistent and often
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inadequate., It is possible that this is because under some field
conditions B,cinerea acquires resistance to these compounds. There
aré also a number of laboratory studies on adaptation., Mader and

Schneider (1947), "trained" cultures of Sclerotinia fructicola to

tolerate increased concentrations of copper sulphate in agar media.
fhe variantg produced differed in their ability to rot fruiﬁ.

Yhen transferred to fungicide free media, the tolerancg was re-
tained by some varients, but not Ey others, Jurkowska'(1952) in-

vestigated the adaptability of Aspergillus niger to copper sulphate.’

Afﬁer.seveyal generations a resistant strain was obtained which
tolerated concentrationé of copper sulphate in.agar riedia which
were toxic to the parent; +this strain waé algo resistant to‘ziné
and mangénese salts. After fifteen transfers on copper free media

the resistance was lost. Greathouse et al., (1954), obtained a

copper oxinate resistant strain of Aspergillus niger; The sus-
ceptibility of this strain to oxine'indiqated that the reéiétance
was to the copper moiety, Further data for cupric salte are
provided by Arokatsu (1954), for yeasts, and Hirt (1949), for

Poria xantha.

Stalman et al., (1946), investigated the adaptation of

monosporidial lines of Ustilego zeae to arsenic, A threefold

increase in tolerance for sodium arsenite was obtained after ten
transfers on media containing arsenic, and the ability to grow on
arsenic media of the sane concentration increased with successive

transfers, - The resistant variants rapidly reverted when grown
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on arsenic free media, Similar studies by Wilson (1947), demon-
strated the development of increased resistance to sodium arsenite

by Sclerotium rolfsii and S.deiphinii. Gattani (1951)} "trained"

Alternaria spp. to morc complex fungicides, "Agrosan G.N.2" (con-
taining tolylmercury acetate), and "Arasan" (containing tetramethyl-—
thiuramdisﬁlphide) by successive transfers to increasing concen-
trations of the fungicides in‘potato dextrose agar, Parry and
Wood (1959), obtained resistance to a wide variety of complex

organic fungicides, Strains of Botrytis cinerea resistant to

ferbam (ferric dimethyldithiocarbamate), and capten (N-trichloro-
methylmercaﬁto-4—cy§10hexene—l,2—dicarboximide), were obtained by
"training" nethods, and these resistant strains did not revert to
thg parent susceptibility after they had been grown on fungicide
free nedia, it was suggested that nore than one nechanism was
operative in the "training"of B.cinerea to these fungicides,

Bartlett (1959), obtained strains of Penicilliun
' rogueforti resistant to high concentrations of phenyl mercuric
acetate, proflavine, brilliant green, and sodium azide,
Resistance developed gradually without evidence of mutation, ahd
most of the resistant strains were‘unstable and rapidly reverted
when grown in drug free nedia., The resistance of the proflavine
resistant[étraiﬁs was reduced under these conditions to a level
greater tﬁan that of parent,

Brian (1960), investigated the effect of griseofulvin

on dry weight and radial growth of surface colonies of Botrytis
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gllii‘on liquid nedids It was found initially that 5 ng/nl,
griseofulvin was inhibitory, but that after a three week period
the growth rate increased comsiderably, Mycelium from these
cultures used to inoculate fresh griseofulvin media did not
exhibit a long lag phase, After sevefal transfers rapid growth
"~ wag obtained eon media containing 20’pg./m1, griseofulvin, This
adaptation was lost when nycelia were transferred to griseofulvin
free nedia, The accunulated evidence of these workers demonstrates
the evidence of two distinct behaviour patterns of resistant
gtrains - reversion and non-reversion to parent susceptibility
when grown in the absence of the fungicide or drug, There are a
nuntber of laboratory studies of adaptation to the chlorinated
nitrobenzenes, particularly the threce isemers of TCHB, and PCNB,
Variants frequently arise in the presence of the vapour of these
substances, and characteristically appear as rapidly growing, fan
shaped mutants at the colony edge., These variants are alnost |
alwayé non-sporulating, and have been described by Roy (1947),
Reavill (1950),‘1‘/icKee (1951), Fushtey‘ (1953), Hewlett (1955),
Brook (1052), Brook and'Chesters (1957), anad Parry (1957),

McKee (1955), showed that Fusariun_caeruleun mutates in

the presence of 2:3:5:6 TCNB and becones resistant to it, He
‘suggested that these nutants may be important in the practical
control of potato rot induced by F.caeruleun, Parry (1957)

showed that the order of toxicity with Botrytis cinerea as a test

organism was 2:3:4:6>2:3:4:5>2:3:5:6>TCNB >PCNB, He found
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that the 2:3:4:6 isoner was particularly active in suppressing
growth, sporulation, germinaiion, and gern tube preliferation,
Variants were produced in the'presence of 2:3:5:6 TCNB, 2:3;4:6
TCNB and PCNB vapour, These variants wcreAresistant in varying
degrees to each of the three substances, i.e., grew faster than

parent inocula and produced a normnal vegetative mycelium. The
variants were unable to sporulate normally in thg preseﬂée of the
fungicide vapours, No variant with ncrmal mycelial norphology
was produced in the presence of 2:3;4;6 TCNB vapour, but cultures
with considerably increased growth rates were produced, Each of
these workers found that variants‘resistant to TCND i;oner, or
PCNB retained their resistance over long periods, even when
repeatedly sub-cultured in the absence of fungicide vapours A
characteristic effect of these substonces on the test orgéﬁisms
was a suppression of sporulation, Steinberg (194C), observed a
sinilar effect with certain phenanthrene derivatiyeé on Aspergillus
The implication‘of these experimentalistudies of‘
adaptation isithat a scrious threat lies in the developﬁent of
ifungicide resistant strains under field conditions. Parry (195?)
concluded fron his studiés, tﬁat the rapid "training" of Botrytis
cinerea to the true fungicides was unlikely to be importent in |

the field, but the fungicide stable nutations constituted an

important thregt,



2. Fungicides

2. 1 Chlorinated nitrobenzenes.
- FCNB was'developed and introduced-by I,G, Farbenindustrie in thé
lat911930's.5 It was originally marketed under a number of trade
nanes "Tritisgn";la>15%:dust for the sced treatnent of wheat against;
bunt, "Brassicol", a 20% dust for use as a soil fungipide,
"Folosan", "Botrilex",-aﬁd "Tilcarex",

: 2:3:5:61fCNB Wéa introduced by Bayer Agricultural Ltd;,
as a selective fungicide; effective for fhe control of ervrot,'

Fusarium caeruleun of potato tubers, It was mmrketed as "Fusarex"

a 3% dust, and "Folosan D B 905", a‘5% dust.,
Brown and Smieton (19406), used PCNB dust as a neans of

control for Botrytis cinerea on lettuce, They also obtained a

degree of control of Plasmodiophora brassiéae with PCNB on cabbage
and cauliflower, Last (1952), found PCNB and 2:3:5:6 TCNB
effective in controlling Botrytis discame and Rhigoctonia attéck
of lottuce, A related compound; trichlorodiniﬁrobenzene,
"Brassisan", was used by Brown (1935), and Snmieton (1940), against'

Botrytis cinerea on .lettuce. These conpounds however have not

fourd a wide application in agriculture, A recent introduction
2;6-dich10ro—4-nitroanilinc; is clained in a Boots Aﬁvisory‘_
Leaflet to be effective in controlling Botrytis cinerea attack

on lettuces; This conpound is marketed as "Allisan" and produced by

Boots Pure Drug Co., Ltd,



Comparatively little is known about the mode of action

of these conpounds, Hewlett (1955), established by paper chrona-

tography the presence of ribose in extracts of Botrytis cinerea
treated with 2:3:5:6 TCNB, suggésting that the action was preéumably
due to nuclear poisoning. Further evidence of nuclear disorgani-
‘sation is provided by Carey and McDonough (1943), who showed ﬁhat
spindle formation in onion is inhibited by paradichlorobenzene,
Apart from their fungicidal action these compounds independently
affect the growth of the plant, the isoners of TCNS differing in

their growth regulating capacity,

2, 2 Captan.

A new clasé of organic fungicides, arising from the reaction of
perchloromethylnercaptan with the alkalitietal salts of amides and
inides was introduced by the Standard 0il Development Co. in 1948,
and described by Kittleson (1952), Captan was originally
narketed under the trade names "SR 406", a 50% dispersible powder
and "Orthocide 406", Captan has been applied to a wide variety of

plant diseases, Andes and Epps (1956), found captan effective

against Sclerctinia laxa on apricot, Venturia inaggqualis on peach,

and Physalospora obtusa on apple.

Horsfall and fich (1951), found captan was very active



againgt Stemphyliun sarcinoeforne and they considered it had five

structural features that could be involved in its fungitoxicity;
the CCI3 group; the sulphur bridge; the diketone; the N hetefq-
cycle; and the mobile hydrogens on the carbon atoms alpha te the

ketone,  Hochstein and Cox (1956), studied the fungicidal action

of this compound on the respiration of growing and non—growing

conidia of Fusarium rosewl. Conidial germination ard nycelial
growth was observed in the presence of captan, Their manometrie
sgtudies suggested that capﬁan inhibits growth in fungi by infere
fering with decarboxylation reactions requiring thianine pyro-~
phosphate as coenzyme.: Rich (1959), studied the chemistry of the
fungitoxicity of captan, Various chemicals were tested to
determine their ability to antagonise the toxicity of captan in

5 )

liquid media to Sclerctinia fructicola. Captan at 3 x 16~
conpletely inhibited the growth of the test organism in a liquid
nediun, this toxicity was reversed by 10-2 M l-histidine and 10
M l-cysteine, The former was effective if added 24 hours éfter
the captan, and the latter after 6 hours but not 24, It was

concluded from these observations that S,fructiccla can shunt every

system poisoned by captan eicept those needed for synthesis or

wtilization of histidine,
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IIT MATERIALS AND METHODS

1. Fungicides

1.1 Halogenated nitrobenzenes

These substances are prectically insoluble in water, e.g. the
tetrachloronitrébeniénes iess than one part in twenty thousand,
“they are, however, volatile, and were primarily used in the vapour
phase, PCNB and the three TCNB isormers were supplied by Boots
" Pure Drug Co., Ltd. The other halogenated nitrobenzenes ﬁere,

supplied by L, Light & Co.,Ltd.

' NO2 ‘ Pentachleronitrobenzene
1 1 Colourless polygonal plates,
Recrystallised from acetone
c1 - - M,P. 146°C.
Cl

2:3:5:6 tetrachloronitrobenzene
Colourless prisms or needles,
Recrystalliged from acetone,

M.E. 99°C.

2:3:4:5 tetrachloronitrobenzene
Colourless needles or plates,
BRecrystallised from acetone,

M.P. 65-65.,5°C,




Cl

i

2:3:4:6 tetrachloronitrobenzene
Colourless needles,
Recrystallised from ethyl alcchol.

M.P. 39.5 - 41.0°C.

2,5 dichloronitrobenzene
Pale yellow triclinic ecrystals,

Recrystallised frdm ethyl alcohol

M.P, 54°C.

2,4 dichloronitrobenzene
Colourless needles.
Recrystallised from ethyl alcohol

M,P. 33°C.

2,3 dichloronitrobenzene
Colourless needles,
Recrystallised from ethyl alcohol

M.P, 61°C,

2,5 dibrorionitrobenzene
Colourless needles,
Becrystallisedbfrom acetone,

M.P. 84°C,
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2,5 diiodonitfoﬁenzene
Recrystallised from acetones;

M.P. 108°C,

1.2 Halogenated anilines and nitroanilines,

These coﬁpéuﬁds are also insoluble in water, and were
used in the sane way as the chlorinated nitrobenzenes, 2,6 dichloro-
4-nitroaniline was éupplied by Boots Pure Drug Co., Ltd. : 2:3:5:6
tetrachloroaniline wés prepared by reduction of 2:3:5:6 tetra-

chloreonitrobenzene,

2:3:5:6 tetrachloroaniline
Colourless needles,
Recrystallised from petroleum

cther B.P. 60-80°C,
M.P. 109-110°C.

2,6 dichloro—4-nitroaniline
Yellow needles,

Recrystallised from acetic acid,

M.P., 194 -~ 195°C.
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1.3 Captan. and capton- analogues,

These fungicides are insoluble in water,

5

used dispersed in solid media,

They were

They were supplied by ARy

Kittleson of the Basso Aescarch and Engineering Co.; (formerly

Standard 0il Developuemt Co, ).

In order to exclude decomposition products the compounds

were purified by recrystallisation from an appropriate golvent.,

1
s b
!
c1
= 0
NOg_~ / C
72 -?~~‘~C’/ él
% N No.§ — € —Cl
Hiy S é
N N 1
Y No

Captan
Recrystallised fron acetone,’

M. P, 172°C.

N~trichloronethylnercapto-4-
nitrophthalinide
Hecrystallised fronm benzene

M,P. 147 - 148°C.

N=trichloreomethylnercapto—4-
nethyl hexahydrophthalinide
Recrystallised from n-hexane.

M,P, 128 - 129°C,
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Jffixﬁ {? . N~trich10romethy1mercapto-a!6_
}12 ] 0 g'M‘MC'am} N o 8 !C o1 endoxohexahydrcphthalinide,
Hzi\x; jéw&uvc’; Jﬁ Bécrystallised fron benzene,
H o M,P, 158 - 159°C,

2., Culture nedia and veséelg.

Stock and experimental cultures weregrown.on glucose

peptone agar media in 9,0 cm, Petri dishes, Cultures of Botrytis

cinerea and Trichoderna viride for spore gernination tests were

grown on glucose peptone agar slants in 30 ml, screw capped tubes.

Reference cultures were first grown on glucose peptone agar slents

in 6 x " test tubes, and then covered with sterile liquid paraffin,

Liquid cultures were grown in 50 nl, glucose peptone solutiocn in

250 ml, conical flasks on a rotary shaker,

Glucose peptone solution.

m2P04 CRCIE SCI SIS 2RO ] 0‘1% i Peptone ess0ncee 00270

Mgso4.7ﬂ20 .00 00808 0.05% Glucose [ N NN NS N ] 1‘070

FeSO4.7H20 XXX XE) 00001%

Glucose peptone agar.

As for glucose peptone solution, with 2% agar,

Culture vessels other than Petri dishes, and media were

sterilised by autoclaving at 15 lbs/in.2 for 20 ninutes,

Spore gernination was examined in films of spore suspensions
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on 1,0 cri, dianeter 3% agar discs containing 2% sucrose. The agar
discs were placed on a 7.5 x 2,5 cm. glass slide and nounted on
bent glass rods over 10 nl, of distilled water in 9,0 cm. Petri

dishes,

3 - Fllng i ]

Trichoderna viride and Botrytis allii were used as test

fungi.
T,viride ssesesees a sporulating strain isoclated from soil,
B, Q!!ii-;;,..;.g. a sporulating strain from onion,

The two strains were obtained from the collection in the Plant

Pathology Departuent at Imperial Collecge.

4, Incculation and incubation,

The inoéula congisted either of non-sporulating agar discs,
or of spores, The non-gsporulating discsrwere cut from the edges of
colénies on agar with a steel disc cutter internal dianmeter 0.5 cri.
The colonies of B,allii were grown at 15°C. for 72 hours so that
they were not sporulating when the discs were removed at a radius
of 2 cn, from the centre of the colonies, The discs were inoculated
with their myceliél surface on the agar. |

Spores were washed from the surface of agar slopes with
gterile water, These suspensions were passed through two layers
of rmslin, and then washed by three successive centrifugations at
5,006 - 6,000 r.p.ﬁ. fof one ninute, The spores were suspended in

distilled water, and the final concentration of spores adjusted to
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500 / 0;02 rnl., Nine replicates of each trecatment were used,

| Cultures on agar nedia were iﬁcubated at 20 & 200., Spofe
gernination discs, and liquid cultures at 23°C,  Stock cultures
other than those pgrown for dige inocula were incubated at roonm
temperatﬁre. Petri dish cultures in the presence of vapours of
halogenated nitrobenzenes, anilineé, and nitroanilines were kept in
separate sets of ten in metal boxes, The Petri dish gets were

sealed with "Selotape" to reduce losses through volatilisation,

8, Measurement of lLinear growth on agar plates.

Growth along twe dicmeters at right angles to each other
was taken and the average of twenty such neasurerents frem ten

replicates was recorded.

6, Spore germination asgessnent.

It was taken that spores had gemminated when the length
of the germ tube was equal to, or greater than, that of half the
short axis of the spore. The behaviour of spores on each agar

disc was recorded,

Details of more specialised techniques are given in the

appropriate sections of the text,



- iy ()

IV, EXPERIMENTAL RESULTS

1.0~ CHLORINATED NITROBENZENES.

Halogenated nitrobenzenes were regarded as insoluble in
water, but their volatility enabled then to be used in the vapour
phase, This technique was employed by Reavill (1950), Fushtey
(1953), Hewlett (1955), and Parry (1957). One nl, acetone
solutions of known concentration were allowed to evaporate under
sterile condi£ions, on the inside of the lids of 9,0 cm, Petri
dishés.x The lids were cooled beforé adding the acetcone because
this produced a nore even film of fungicide, * After evaporation -
of the fungicide (10 - 15 minutes), the lids were replaced and
stored at roon tenmperature for 24 hours, to enzure complete
evaporation of the acetone, These lids were transferred to agar
plates irmediately after these had been inoculated with nmycelial

discse.

2,0 Effect of PCNB and TCNB on radial growth, hyphal
norphology, and sporulation of Botrytis spp,

‘The effectyof these chlorinated nitrobenzenes on radial

growth, hyphal morphology, and sporulation of Botrytis spp. was
investigated by Hewlett (1955), and Parry (1957), The work of
Hewlett (1955), was restricted to PCNB and 2:3:5:6 TCNB, Parry
(1957), used PCNB and the three isomers of TCNB, Their results
showed that when colonies were grown.in the vapour of the fungicides,

nore than one type of adaptation occurred. One gave fise to
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rapidvgrowing variants, "resistant saltants", with normal hyphal
norphology, and the other to distorted hyphal forms sinilar to
those préduced b& the parent strain on introduction to the vapour,
but with a highef growth rate, Parry (1957), was unable to obtain

a resistant saltant of Betrytis cinerca of B.allii with normal

hyphal rorphology after three rionths treatrient in the presence of

2:3:4:6 TCNB, nor was any variant of B.cincrea, or B,allii obtained
which was able to sporulate in the presence of the fungicides,

In contrast,'Brook and Chesters (1957), obtained an isolate of
B.cinerea which sporulated in the presence of 2:3:4:5 TCNB,

In order to examine the effect of the halogenated
nitrobenzenes as a general group of conpounds to both types of
adéptation, "resigtant saltants" and hyphal variants to PCNB -and
the TCNB isoners were obtained, The production of these resistant
strains of B,allii with an analysis of their morphological
characters therefore introduces the experimental section of this

thesig,



Table 1.

\

Effect of 10 mg, and 1 mg. PCNB on the linear growth of

Botrytis allii

Time after  Mean coldny djameter  Percemtage inhibition
irnculation ~ (cm.) ' of growth
(hours) - Control 10mg., Ilmg. 10mg., Ing.
24 1,5 0.6  G.7 02 80
48 2.9 S 0.8 1.1 83 15
72 4,6 1.45 1.8 8 63 58
96 6.5 2.2 2,6 63 58
120 8.4 2.8 M 3.3 61 60
168 | - | 4,2 4.9 - -

217 - 6.1 6.6 - -

Mean increase of colony diameter cm./day‘.
Control 10 mg, 1 mg,

1,59 6,62 0.68

S = Start of sporulation

=
]

First appearance of 6lear1y defined saltant.

The percentage inhibition of growth was calculated from the formula
I =( C-T ) 100° I répresents the percentage inhibition of

‘ _'"-?f——« ‘ | .

growth, T the daily increase in diameter of treated plates, and C

the daily increase in diemeter of untreated plates.
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2, 1 PCNB

The lincar growth of Botrvtis allii in the presence of

this fungicide is recorded in Table 1. The results ATﬁuined'are
31m11ar to those of Hewlett (1955) The hyphae produced in the
firgt 2-3 days growth, were‘gnarled, swollen and ricre deeply pig-
mented than the pale brown of the parent hyphae.  After this
initial period the effects on morphology of the hyphae were less

- pronounced, - The outlines of the colonies became 1obed and irreégulaxy
Clearly defined sectors of resistont seltants appeared in 3 out of
10 repiicates in the 10 mg. series aftér 5 days, but saltants were
‘not clearly defined in the 1 mg; replicates, Spdrulatidn was
delayed but not suppressed; it was sparse in the 10 mg. replicates,
but relatively unaffedted in the 1 ng. replicates, -Sporulation
was not recorded by Hewlett (1955), or Parry (1957), for Botrytis
allii at these 1evels. A lag peried, i,.c, perlod before growth
was seen, was not evident, but the initial period of growth was
caoractorized by an increasing lihear growth rate, The resist-
aﬁt saltants were pale creamy brown in colour, the ﬁydelium of

the colonies was closely adpressed to the ager, and the hyphae

were not abnormal.
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Table 2.

Bffect of 10 ng,, 1 rr, and 0.1 ng, of 2:3:4:5 TCNB on the

linear growth of Botrytis allii

Time after Mean colony diameter
inoculation (e, )

(hours) Control 10 mg., 1rg. 0.1 mg. 10 ng. 1 mg.

24 1.4 G5 G5+ 0.8
o 2.8 8 0.5 0,5+ 1.2 S
72 48 0.5+ 0.5+ 1.9
96 6.9 0.5+ 0.5+ 2,7

120 8.8 0.5+ 0.6 3.8
144 C 0.5+ 0,7 5.1
192 0,6 1.0 c
240 ©0.8M 1.4 8M
267 1.0 1.7
358 1.8 3.1

Mean increase of colony diamet
Contrel 10 nmg, 1 ng. 0.1 ng,

1.65 ©€.13  0.22 0,77

C = Mycelia covéring plates:

S = Start'of sporulation

of growth
160 100
100 100
160 100
100 108
100, 96
er in cm./day

M =>First appearance of clearly defined saltant

+ = Slight growth, but less than 0,05 cn.

Percentage inhibition

0.1 ng,
70
70
61
84

61
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2., 2 2:3:4:5 TCNB

The linear growth of.Botrvtis allii in the presence of
~ this fungicide‘is recorded in Taoble 2,  This compound exerted a
greater effeqf upon the linear growth rate, and hyphal morphology
than PCNB, 4 lag phase was cvident for 3 days in the 10 ng.
replicates. Very little growth was made in the 16 ng. and 1 ng.
treatnents during the girst 5 days. |

The nmyceliun was pignented a dark brown, and composed
of shorit swollen cells of irregular outline fofming conpact nodular
rasses arbund the inoculum, BResistant saltants appeared as clearly
defined sectors in the 10 ng, and 1 ng. treatnents, 1-3 saltanfs
appeared in 4 ocutv of 10 colonies after>10 days in the 10 mg, treat-
ment, and 1-2, in 5 out of 10 colonies after 10 days in the 1 ﬁg.
treatnent, Sporulation was completely suppressed during the
course of the expriment in'the 10 ng, treatnent, but appeared
after 10 days in the 1 ng. treatment and after 2 da&s in the 0.1
ng. treatnent, Sporulation was recorded by Brook and Chesters

(1957), for Botrybis cinerea in the presence of 10 mg; 2:3:41:5

TCNB, but not by Parry (1957), for B.cinerea or B.allii at this

concentration,
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Table 3.

Fffect of 10 mgs, 1 ng, and 0.1 ng, 2:3: 5 6 TCNB on the linecar

growth of Botrvtls allii , o
Tine after Mean colony dianeter Percentaée inhibition
inoculation crt. ) of growth
(hours) = Control 10'mg., 1ng, 0,1ng. 106ng, 1ng., 0,1 nmg,
24 14 0.5 0.5 0.5+ 100 100 100
48 2,98 0.5 Cubt 0.5+ 166 100 100
72 40 0.5 05+ 0.5+ 100 100 100
96 7.0 0.5+ 0,5+ 0,6 100 100 95
120 8.9 0u5+ 0,6 0,7 100 95 95
144 c 0.5+ 0.7 0.8 - - -
192 Oub+ - 047 0.9 - - - -
240 0.6 6.8 1,2 - - -
268 0.6 0.8 1.5 - - -
316 0.7 1.0 4,3 - - -
364 09 11 6.5 - - -
485 La M 1.7 c - - -

Mean increase of colony diareter in cm,/day
Control 10 ng, l:ng. 0.1l g,

1.69 06.06 0,07 0,43

C.= Hycelia covering plates
S = Start of sporulation

+ = Slight growth, but less than 0,05 cn,
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Table 4.

Bffect of 10 ng., 1 mp., and G.1 mg. 2:3:4:6 TCNB,on the lincar

growth of Botrzgis allii

Time after Mean colony dianzeter Percentage inhibition
inoculation (e ) of growth
(hours) Control 10 ng. 1 ng. 0.1 ng. 10 ng, 1 nmg, 0.1 ng,
24 1.4 0.5 G5 0,5+ 100 100 100
48 2,88 0.5 0.5+ 0.5+ | 106 100 100
72 4.8 0.5 0,5+ 0.6 100 100 95
96 6.7 0.5+ 0.5+ G.6 100 100 .95
120 C 0.5+ 0.5+ 6.7 ' - - -
144 0.5+ 0.6 0.8 - - -
168 0.5+ C.6 G.9 - - -
216 045+ 0,6 1.1 - - -
264 0.6 G.6 l.4 ¥ - - -
360 0.7 0.8 1,7 - - -
s 1.0 1.1 | - - -
552 1.3M 1.5 - - -
648 1.7 2.2 - - -

Mean increase .of colony dieneter in cr1, /day
Control 10 ng, 1 mg. 0.1 ng.

1.69 0,06 0,07 0,10

C = Mycelia covering plates 8 = Start of sporulation
M = First appearance of clearly defined saltant

+ = Blight growth, but less than 0,05 cn,
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2., 3 2:3:5:6 TCHB

The linear growth of Botrytis allii in the presence of

this fungicide is recorded in Table 3, The‘respense to this
fungicide was sinilar to that deseribed by Hewlobt (1955), eand
Parry (1957). The lag phase was 4 days in the 10 ng, repiicates
and 2 days in the l.ﬁg. replicates, In the ¥ ng. feplicates,
1-2 resistant saltants appeared in 4 out of 10 replicates after
13-20 days. The first hyphae formed were nodified in the manner
"described for 2:5:4;5 TCNB,  Sporulation was suppressed during

the coursec of the experinent at all three concentrations,

2. 4 2:3:4:6 TCNB

The 1inear~grow£h of Botrytis gllii in the presence of
this fungicide is recorded in Table 4, This compound exerted the
- nost pronoﬁnced.effect on growth and hyphal mOrphology’of‘the four
substances used, In contrast fo Parry (1957), who was unable to
oﬁtain resistant éaltants, this isomer stirmlated the production of .
a large number of resistant saltants, In the 10 nmg. replicates,
1-2 resistant saltants appeared in 4 out of ten replicates after
23-27 days, and in the l.mg. repiicates, 1-3 resistant saltants
appéared in 7 out of 10 replicates affter 15-27 days. Sporulation

was not evident at the three concentrations:used.

Surmary of results in Tables 1 to 4.

The general pattern of resﬁonse of Botrytis_allii to

PCNB and the threec isoners of TCNB was basically sinilar, In the
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initial period of growth from the inoculun, gnarled distorted 6ells

were produced which were more deeply pignented than those pf the
parent in the ébsence cof the fungicides, These cells téended to
fqrmbnodular nasges of hyphae pretruding above the surface of the
agar, Sub~sufface growth was always less irfegular, and the
66118 were less nodulose,  After this initial period, the hyphae
forned were less distorted, and swollen, Sporulation was Coll~
pletely suppressed with 2:3:5:6 and 2:3:4:6 TCNB, dininished with
2:3:4:5 TClB, wherecas PCNB had little effect., Resistant saltants
were produced after varying periods‘of treatnent, These éaltant
sectors were initially white but gradually became pale creany |

brown, The myceliurm was always closely adpressed to the agar,

© and was similar to that produbed by the parent in the absence of

© the fungicides, The initial period of growth wag charécterized by
an increasing linear growth rate, which approached, but did not
reach that of the pérent in the absence of fungicides, _This
suggests thaf somé neasure of resistence had been built up by the
non~saltant nmyceliun,

These-e;ﬁeriments were repeated using the original Petri
dish lids with new cultures, The same results were obtained with
origiﬁal_lo ng., and 1 ng, lids, The 0.1 ng. lids were not so-
effectivé in retarding linear growth, as the original lids, This

was probably due to volatilisation of the fungicide.



w2 T e

2. 5 Bffect of PCHB and TCNB on lineor growth of growing

cultures of Botrytis ellii.

In the previous exzperiments, recorded in Tables 1-4, the

fungicide was introduced into the enviroment immediately after

inoculation.,

The effects of the fﬁngicides on established colonies

were now studied,

The Petri dish 1lide of colonies ¢ approxi-

nately 2, 3, 4 and 5 cn. diameter originating fren a.non Sporu~

lating 6.5 ciz, disc were replaced with lids containing 10 mg. of

the fungicides, The results obtained are recorded in Tablé 5.

Table 5,

Effect of fCNB and TCNB on linear growth of growing cultures
‘ of Botrytis allii.

Treatmnent

FCNB
2:3:4:5 TCNB
2:3:5:6 TCNB

2:3:4:6 TCNB

Lag phase Time for appearance of
(hours) - first resistont soltant
(days)

24

72

Celony diamcter in cm.
3 4 5 g2 3 4 b8

No clearly defined
- - = regsistant saltants

12 12 12 8 &6 7 b

72 48 48 15 11 11 13



=28 -

A, B.

Plate 1, FEffect of introducing 10 ng, 2:3:4:5 TCHNB in growing
cultures of Botrytis allii.

fxplanaticon of Plate 1,

The plate shows two colonies A, and 3, after 16 days growth in the
presence of 10 ng. 2:3:4:5 TCN3, The fungicide was intreduced
when the diameter of the colonies wasg approxinately 4.0 cil.
Subsequent growth was nade by non-saltant mycelium in Petri dish 4,
and non-saltant, and saltant pmyceliunm in Petri dish B, The
irregular wavy outline cf the colonies was characteristic of all
treatrients. Petri dish 3 shows twe non-sporulating saltant
gsectors which arcse after 8 days. The pale areas at the edge

of the saltant sectors were due to non-pignented hyphae,



The resultévrecorded in Table 5 show that except in the
PCNB cultures,‘where no cléarly definéd resistont salténfs were
geen, the lag phase and fﬁﬂe for appemrance of resistant saltants
6ompared with cultures where the fungicide was introduced
immediately after inoculation, were re&uced. The subsequent
| growth rate and norphology of saltant and non-saltant hyphae in ail
treétmeﬁts'weresimiiar to thése found in the experinents recorded
in Tables 1~4., Sporulation stopped on addition of the fungicidés,

but was resured in the PCNB replicates after 48~72 hours,



=30~

2.6 Gernination of spores of Botrytis allii in the -

pregence of PCNB and TCND,

The spore germination of B. a1111 ‘in the presence of

PCNB or TCNB was investigated on 1.0 cm. dlameter, 3% agar disecs

containing 2% sucrose,

PCNB or TCHNS were used as germination chambers,

Petri dishes with lids containing 10 ng.

The results

obtained were based on 200-40G0 spores from each of 9 replicates

for each treatment.

Table 6.

These results are reccorded in Table 6.

Gernination of spores of B,allii in presence of PCNB or TCNB.

Tine after

inoculation
(hours) Control

4 96

8 98
12 | 106
16 106

24 *

72 _ C¥

118 *

PCNB

88
95
166

100

Percentoge germination

2:3:4:5

2
12
56
67

94

100

TCNB

2:3:5:6

56
92
160
100

1060

= Individual gern tubes indistinguishable.

2:3:4:6
0
0
7
‘24
47
95

106
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The results recorded in Table 6 show that the éontrol
spores had all geminated after 12 hours, and after 24 hours the
gern tubes had formed a rudimentary myéelium in which the
individual gem tubes were indistinguishable. The spores in the
presencé of FONB gerninated as rapidly as.the control, and the
gern tubes produéed were not norphoiogically different,  The
TCNB isomers retarded germination and growth of germ tubes, These
fungicides also affected the appearanée of the gern ﬁubes which
were short and bulbous with frequent branching; 1-3 gern tubes
were produced in all treatments, Spore viability was not
reduced, Taeble 6 shows that TCNB reduced the rate of germinatibn
in the order, 2:3:4:6> 2:3:4:5> 2:3:5:6 TCNB; 2:3:4:6 TCNB also -
produced the greatest effect on germ tube morphology and subsequent
hyphal growth, The behaviour of B,allii spores in the presence
of PCNB or TCNB was identical to that reported by Hewlett (1955),

for Botrytis cinerea, Sinilar results were obtained with two

different batches of spores,
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2,7 Linear growth of FCNB and TCND resistant soltants in

absence of fungicides.

Resistant saltants arising on plates exposed to the
vapours of PCNB and TCND were grown in the absence of theéé'vupours.
After 5 days 0.5 cm. dia;eter discs were transferred to a further
set of Petri dishes, The results obtained are recorded in

Tables 7~10.

Table 7.

Linear growth of PCNB resistant saltants in absence of fungicide.

Tine after Mean colony diameter Mean
inoculation (e
(hours) 1 2 3 4 5
24 1.2 1.3 1.6 1.5 1.4 1.4
48 2.,22,6 2,7 2,8 2,6 2.6
72 4.1 4.3 4.3 4,7 4.5 4.4
96 5,9 6,3 6.6 6.6 6.4 6,3

120 T.78.3 8.4 8.5 8.2 8,2

Mean incredse of,colony dianeter in cm,/day
1.6

* = Resistant saltant used in subsequent experinents.,



Table 8.

Linear growth of 2:3:4:5 TCNB resistant saltants in absence of

fungicide,
Tine after inoculation Mean colony diameter Mean
(hours) (e )

1 2% 3 4 5
24 1.6 1.4 1.5 1l.4 1.2 144
48 3.0 2.8 3.0 2.8 2.3 208
72 4,8 4.6 4.6 4.7 4.1 4.6
96 6.9 6,6 6,7 6,6 6.1 6.6

120 . C 8.7 8.9 8.4 7.8 8.5

Mean increase of colony diameter in cm./day

1.7

* = Resistant saltant used in subsequent experiments,

C= Mycelium covering plate,
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Toble 9.

Linear growth of 2:3:5:6 TCNB resistant saltants in absence of

fungicide,
Tine after inoculation Mean colony diameter Mean
(hours) (e )
1 2 3 4% 5
24 2,0 1.8 1.5 1.5 1.2 1.6
48 3.3 3.3 2,7 2,7 2,5 2,9
72 5.0 448 4.3 4.4 3.9 4.5
96 6.8 6.7 6.4 6,5 5,9 6.5
120 C 8.7 8,3 8.6 1.7 8,3

Meon increase of colony diameter in cm./day

1.7

*
I

= Hesistant saltant used in subsequent experiments.

(@}
il

Myceliun covering plate,
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Table 100

Linecar growth of 2:3:4:6 TCNB resistant saltants in absence of

fungicide,
Tine after inoculation Mean colony dianeter Mean
(hours) {cn. )
1 2 3 4 5%
24 1.5 1.3 1.3 1.0 1.2 1.3
48 2.5 2.2 2,4 2,1 2,2 2.3
72 3.9 8.5 3.0 3.2 3.5 3.6
96 5.5 4.9 5.2 4.8 4.0 5.0
120 6.8 6.2 6.7 5.6 5.9 8.2
144 8.3 7.3 8,0 6.9 7.0 7.1
168 C 8.7 C 8.3 8,5 8.5

Mean increase of cdlony dianmeter in cn,/day

1.2

*k
I

Resistont saltant used in subsequent experiments,

Q
]

Mycelia covering plates,



The results recorded in Tables 7-10 show that the rate of
linear.growth of the resistant saltants, with the exception of the
2:3:4:6 TCNB resistont saltants was similar, These results were ob-

tained with 20 saltents, 5 from PCHB trcatnent, and 5 from cach of
the TCNB treatments, The nmean increase in colony diameter in cm./
day of the 2:3:4:6 TCID resistant saltants was always less thon
that of the parent and other resistant saltants; The(2:3:4:6 TCNB
resistant saltants téok 6-7 days to reach o dianeter of 8.5 cnm.
The parent and other resistont saltants took 5-6 days to reach
this diameter. Hyphal morphology and 8poru1ationiﬂrﬂzidéntical
with that of the parent in the absence of fungicide,
The resistant saltants marked with an asterisk in
Tables 7-10 were subcultured and used in subscquent experiments
with halogenated nitrobenzenes, 2,0 dichlero-4-nitroaniline,
2:3:5:6 tetrachlorcaniline and benzené. They were regarded as
representative examples of resistant saltants arising under the
various treatinents. These resistant saltants are subsequently
referred to in the text as resistant strains, e.g.
PCNB.resistant gtrain
2:3:4:5 TCHB resistant strain
2:3:5:6 TCNB resistant strain

2:3:4:6 TCNB resistaont strain

'{"
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- 2.8 Linear growth of parent and resistant strains of

Botrytis »11ii in presence of PCNB or TCHB isoners.

The resistant strains were grown in the presence of 10ng,
PCNB, or TCNB .isomer, The linear growth of these resistant

strains is récorded'in Tables 11 - 14.

Table 11,

Linear growth of parent and resistant strains of B.allii in

the presencé of 10 mg, FCNB,

Tine after Mean colony diemeter (cm,)
inoculation Resistont strains
(hours) Parent PCIB 2:3:4:5 2:3:5:6 2:3:4:6

24 C.6 0.8 1.1 6,9 1.2

8 6o 1.2 2.2 1.9 2.1 8

72 1,48 2,18 3.25 2,55 3.3
98 2,3 3.2 4.0 3.3 4.6
120 2.8M 4.2 5.7 4.4 6.1
168 4.5 5.7 Tk 5.8 1.0
216 6,3 7.8 8.0 c

Mean increase in coiony dianeter én./day
‘Parent ?CNB 2:3:4:5 2:3:5:6 2:3:4:6
0.6 - 0,8 1.0 6.8 vi.O
S « Start. of sporulation C = Plates covered with mycelia

M = First appearance of clearly defined saltant.
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Table 12,

Linear growth of parent and resistant strains of B, allii in

the presence of 10 ng, 2:3:4:56 TCNB

Tine after inoculation Mean colony dismeter (cm.)
(hours) : * Resistant strains
: - Parent PCNB 2:3:4:5 2:3:5:6 2:3:4:6

24 0.5 GeB+ 0,7 0.8 0.6
48 0.5 0.5+ 1.1 RS 0.8
72 0.5 0.5+ 1,5 1.3 1.2
98 0.5+ 0.6 1.9 1.0 1.6
120 0.6+ 0,8 2.3 2.2 2.2
144 05+ 1.0‘ 2.8 2.4 2,5
168 o 1.5 2.9 2.7 2.9
216 0.7 2.0 3.7 3.3 3.5
| 312 0.9 M 3,2 5.2 4,9 5.1
360 , 1.3 3.8 6,1 5.7 5,7

408 . 1.8 4.4 7.0 6.4 6.6

Mean increase in colony diameter cm./day
Parent PCNB 2:3:4:5 2:3:5:6 2:3:4:6

0,11 0.,26 0,38 0,34 0,36

+ = Slight growth, but less than 0.,05¢cm,

M = First appearance of clearly defined saltant,
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Table 13.

Lincar growth of parent and resistant strains of B.allii in
the presence of 10 np, 2;3:5:6 TCNB

Tire aftér inoculation Mean colony diameter (cm,)
(bours) . Resistant strains '
Parent PCNB 2:3:4:5 2:3:5:6 . 2:3:4:6

24 0.5 0.5+ 0.6 0.8 0.7
" 05 0.5+ 0.7 1 L8
72 0,5 0.6+ 1.1-' 2.2 2,4
98 - 0.5+ 0.9 2,0 3.4, 304
120 0,5+ 1.3 8,0 4,2 4.6.
142 | 0.6+ 1,7 . 4.2 5.2 5.6
168 SRR . 0% 2,2° 5,2 6.2 .6.8:
216 . 0.5+ - 3;2 7,4‘ 8.2 . C
266 06 . 47 . C_ _..C
. 360- . o 1.8 - |
, 408 1M e
514 1.5

:gmeah‘ihérease in colony dianmeter Cm;/dqy 
Parent PONB 2:3:4:5 2:3:5:6 2:3:4:0
6,07 Ceb5 G487 0,9 0.9

+
fi

Slight growth, but less than 0,05 e,

M

First appearance of clearly defined'ealtant

(o]
I

- Plates covered with nycelia.



Table 14,

Linear growth of parent and registant strainsg of B,allii in

pregence of 10 ng, 2:3:4:6 TCNB

Tine after inoculation Mean colony diameter (cm.)

(hours) Parert ITNB  2:3:4:5 2:3:5:6 2:3:4:6°
24 0.5 0.5+ 0,5+ 0,5+ 0.5+
40 0.5 0.5+ 0.7 0.6 0.9

120 0.5+ 0.6 1.3 ‘1.1 2,0
168 ' 0,5+ 0.8 1,7 1.5 2.6
192 - 0.5+ 0.8 1.8 1.7 3.0
240 0.6 L1 2.2 2.1 3.7
336 0.6 1.5 3.1 3.1 5.3
432 0.9 1.9 3.8 4,0 6.9
480 1.1 2.2 4.1 4.4 7.9
528 1.3 M 2.4 4.4 4,9 8.7

Mean increase of colony diameter in cm,/day

Parent PCNE 2:3:4:5 2:3:5:6 2:3:4:6

0.05 0,09 0,15 0,20 0.37
+ = Slight growth, but less than 0,05 cn.,
= First appearance of clearly defined saltant.

M
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| PCNB 10 ng.

The growth of the ?arent and resigstant strains in the
presence of PCND is reccrded in Toble 11, This table shows that
each of the resistant strains grew riore quickly than the parent,
and the 2:3:4:6 and 2:3:4:5 TCNB resistant strains grew faster
than the PCNB resistant strain, Hyphae of the resistant strains
were similar in appearance to those of cultﬁres grown in the
absence of fungicide. All replicates SPdrulated after 48 - 72
hours, Erect conidiophores and normal conidia were formed, No
saltant séctoré appeared in any of the Petri dishes of the

resistant strains,

2:3:4:5 TCNB 10 nig,

The growth of the parent and resistant strains in the
presence of 10 mg. 2:3:4:5 TCNB ié recorded in Table 12, Each
of the resistant strains gréw-morequickly tﬁan the parent. The
nogt resistént strain was the 2:3:4:5 TCME resistant strain,
The experinent showed that strains resistant to 2:3:4:6, and 2:3:5:6
TCNB were alnost as resistant to 2:3:4:5 TCND as'the;resistaﬁt

gtrain originally preduced under this regine,

2:3:5:6 2 10 ng.

The growth of parent and resistant strains in the
presencé of 10 ng, 2:3:5:6 TCHB is recorded in Table 13, Table 13

shows that the resistant strainsvwere far nore resistant to
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2:3:5:6 TCNB than the parent strain,

213:4:6 TCNB 10 ng.

The growth of the parent aﬁ& resistant strains in the
presence of 10 mg. 2:3:4:0 ICNDB is recorded in Table 14. This
table Shows that the resistant strains gfew nore quickly than |
the parent in the presence of this isomer., The PCNB resistant
strain was only slightly riore resistant than the parent. The
2:3:4:6 TCNB resistant gtrain, was clearly more resistant than

the parent, PCNB, 2:3:4:5 and 2:3:5:6 TCNB resistant strains,

4 Sumary of results. Tables 11 ~ 14,

The response of the resistant strains to the vapours of
FCNB and TCNB, shows that resistance originating in the preSehce
of one of the fungicides conferred some resistance to each of the
other three fungicides, The experiments showed that when B.allii
was eﬁposed to either PCNB or TCND isomer a cormon adaptation
nechanisn conferred resistance to ecach of the four fungicides,
The experiments alsc showed that with 2:3:4:6 TCNB there was sone
specific adaptation to this fungicide, as the 2:3:4:86 TCNB
resistant strain was clearly more resistant to the vapour of this
fungicide than the other resistant strains, The activity of the
fungicides increased in the order PCNB, 2:3:5:6 TCNB, 2:3:4:5
TCNB, 2:3:4:6 TCNB, The resistance of the strains to the other

fungicides increased in the order PCNB, 2:3:5:8 TCNB, 2:3:4:8
TCNB3, 2:3:4:6 TCNB,
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- In the presence of PCNB, the TCHNB resistant straing

were as re81stant as the strain originally developed in the
: vapour. In the presence of any TCMNB isomer, the TCNB r031stant
strains were nore resistant to these vapours thon the PCND
’rei::j;i‘stant strain, In the.presence of 2:3:4:5 and 2:3:5:6 TCNB,

the three TCHD reéistant strains showed the sane dqgree of
resiStance to these vapours, In‘the presence of 2:5:4:6 TCNB,
the‘2:3:416 TCN3 resistant strein was more resistant to the 
vapour of tﬁis fungicide than either the 2:3:4:5 or’2:3:5:6 TCND

resistant strains,
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2,9. Growth of non saltant mycelia taken from

»

colonies of Botrytis allii growing in

presence of PCNB or TCNB isomer.

These experiments weré carried out to see whether non-
gsaltant mycelia of B.allii which had been growing in the presence
of PCNB or TCNB was more resistant to these fungicides than un-
trained parent nycelia,. | |

Aitef 4 weeks growth in the presence of 10 mg, PCNB or
TCNB, 2 rm, discs of non-saltant and saltant mycelia wefe taken
fron the coloniés end transferred to fresh Petri dishes conbtaining
10 mg. of PCNB or TCNB, The position of the dises with respect

to the resistant saltant is shown in Fig, 1.

Fig, 1. Diegramatic representation of Petri dish culture
of B.allii after 4 weeks growth in 10 mg, 2:3:4:6
TCND,

i1t
Vi
11

Z| Area regarded as saltant sector,
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The results of these experiments are sumnarized in

Tables 15 and 16,

Teble 15,

Growth of non.seltant discs in presence of 10 ng,

PCNB or TCNB
Fungicide ' Mean increase in colony
treatment dianeter in cn./day
(10 mg.) Original treatment

. ‘ _ TCNB o

None PCNB 2:3:4:5 2:3:5:6 2:3:4:6
Control 1.6 1.4 1.3 T 0.9
PONB 0,60 0,78 0,56 0,47 0,82
2:3:4:5 TONB .11 0.08 0,18 0,12 0.16
2:3:5:6 TCNB 0.08 0,08 0.17 0.20 0.14
2:3:4:6 TCND 0,05 0,08 0,08 - 0,08 0,09

Table 16
Growth of saltant discs in presence of 10 mg., PCNB

or TCND )
Fungicide Mean increcase in colony
treatuent dieneter.in cn./day
(10 ng,) Original treatnent
S TCNB o '

PCNB  2:3:4:5 2:3:5:6 2:3:4:6

Control 1,3 1.5 1.4 1.2
PCND 0.82 0,94 0.75 1,04
2:3:4:5 TCND 0,22 0,43 0.26 0,34
2:3:5:6 TCNB 0,53 0,84 0,93 0,80
2:3:4:6 TCND 0,08 0,26 0,17 0,42

The results recorded in Tables 15 and 16 were based

on 10 replicates of each treatnent, The values for the mean



=46~

increase in colony dieneter iﬁ cn./day were evaluated after
- 5 days for the untreated comtrel and PCHB treatnent, and when
the colonies'hgd reached a nmean diameter of 2.6 cri, for the
TCNB treatmeﬁts.

Tables 15 and 16 show that the level of resistance
of the nén -saltant myceliun was always less than that of the
saltant myceliun for each treatment, Comparison with the
results in Tables 1 - 4 shows that non-sé.lta.nt nyceliun was
rore resigtant to thé fungicides than the parent mycelium.
Very little resistance had been built up by the non—saltant
nyceliun, This kind of result was obtained for Botrﬂis
cinerea in the presence of PCNB and 2:3:5:6 TONB by Hewlebt

(i955).
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2,10, Gernination of spores of parent and

regsigtant strains of Botgzgis allii

in presence of PCNB or TCNB.

Spores were taken from cultures of resistant strains,
after sub-culture for 2 weeks in the absence of fungicide,
The nunber of spores was reduced to 200 per 0,02 nml, drop to
prevent the niycelia produced“from nasking ungerninated épores:

The percentage gernination was deternined after 24 hours, and

the resulfs recorded in Table 17.

Table 17,

Germinetion of spores of parent, PCNB and TCNB

resistant stroins in presence of PCNB or TCNB-

Strain . Percentage germination

| TCNB | .

Control PCNB 2:3:4:5 2:3:5:6 2:3:4:6
Parent 100 100 92 - 99 49
PCNB 99 99 88 98 42
2:3:4:5 TCNB 96 95 94 97 66
2:3:5:6 TCNB 93 94 3 . 2. 18
2:3:4:6 TCNB 94 95 87 94 76

The results recorded in Table 17 show that in the
absence of PCNB or TCNB, the spores of the TCNB resistant strains
: were less viable then those of the parent or PCNB resistant

strain, This reduction in viability was sm511; the greatest
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reduction, 7%, was showﬁ by the spores of the.2:3:5§6_TCNB re~
sistant strain.. The peréentage gernination §f spores of the
2:3:4:5, 2:3:5:6, and 2:3:4:6 TCNB resistant strains after 24
hours in the presence of 2ﬁ3:4:5 TCNB was higher then the per-
céntdge gernination of sporeé of the parent or PCNB reéistant
strain in this fungicide. AThis increased germination wag due to
~the nore rapid growth of the germ tubes, as nearly all those
.sporeS‘regarded as ungerninated by definition in section III,6,0,
showed 78-93% gernination, considered as any spore'showing any -
sign of germination, The effect of the.fﬁngicides on gern: tube
and subséquént hyphal nmorphology was the same as that found with

these fungicides on parent spores.
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2.11. Growth of parent and registant strains of

Botrytis allii in liquid medium,

The behaviour of 6,5 cri, non sporulating discs of the

parent and resistant strains of B,allii was investigated in 850 nl,

glucogse peptone mediun, Flasks were seeded with paren’ and re-

- gigtant siiaing, Twenty replicates of each strain were prepared,
and at intervals two replicates of these shake cultures were
ﬁaken, and the dry weight of myceliun, and the residual glucose

" of the mediun were found, Glucose was estinated in the

following waye.

Preparabtion and standardisation of TFehling's

solution for determination of glucose

Solution A

4 5E20 was

dissolved in water and node up to 250 nl, in a volumetric flask,

17,320 go of "Analar" copper culphate, CuSO

folution B
86.5 g. of sodimn potagsium bartrate, CH,0NaX,4H,0
wes dipgolved in 100 nl, warn water and added to 20 g, "Analar"

codivn hydroxide, NaCd, dissolved in water, The resulting

solution was cooled and made up to 250 nl, in a volunmetric flask,

When glucose estinations were carried out, equal
volumes of solution A and B were mixed thoroughly by shalking.

This sclution was standardised against a solution of "Analar"'
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anhydrous glucose of known concentfation.

25 nl, of the freshly prepared ‘end standardised
Fehling's solution was pipetted into a porcelain evaporating
basin, and diluted with an equal volume of distilled water,
This solution was boiled very gently for 30 scconds, The
filtered culture‘mediun‘was slowly run into tﬁis boiling
solution frém o burette until the blue colour disappeared.

Bstinations of glucose in the culture mediﬁm were
initially carried out using 25 nl, aliquots of Fehling's
solution, but this waos reduced to 5 nl, aliquots during the
course of the experiments,

In the following tables residual glucose valuesllower
than 0,0010 g./nl, were not recorded,

The original glucose concentration of the glucosé

peptone media was 0,010 g./nl,

»Determination of dry weight ofvmyce;gﬁgg
The m&celium was renoved from the cultures, washed,
drained,‘placed in pre-weighed aluminiun cuPa,'dried at 70°C,
for 24 hours, and then reweighed,i The "econonic coéfficients",
secorded in Tables 20, 23, 26, 29 and 32 were obtained by
dividing the dry weight.of nyceliun producgd by the\weight of

glucose used,



Table 18

A}

Dry weipht of niycelium produced by parent

ond resistent straing of Botrytis allii in

liguid nediun.,

Tine after Dry weight of nmyceliunm in g.
inoculation Resistant strains
(Qays) Parent PCNB  2:3:4:5 2:3:5:6 2:3:4:6

1 0.0146 0.,0093 0,0185  0,0201 0,0207
2 0,0391 0,0822 0,0520  0,0672  0,0808
3 0.0964 0,1577 0,1168.  0,1399  0,15862
5 0,1714 0,2098 0,1843  0,2247  0,2397
6 0,1815 0,2252 0,1606  .0,2403  0,2411
7 0.2201 0.,2274 0,2401  0.2476  0,2424
8 0.2197 0.2250 0.2604  0.2265 0,2226
9 0.2248 0,2116 0,2311  0,2162 06,1987

Dry weight of inoculw: (mean ten replicates) in g,
Parent PCNB  2:3:4:5 2:3:5:6 2:3:4:6

0.,6611 06,0013 0,0015 06,0015 0.0012
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Table 19.

Residual glucose in nediun.

Time after Residual glucose in g./ml,
inoculation ‘ Resistant strains
(days) =~ Parent PCNB 2:3:4:5 2:3:5:6 2:3:4:6
1 0,0087 0,0093 0.0086 60,0086 0,0083
2 0.,0066 0,0055 ©0,0064 0,0061 - 0,0059
3 0,0045 0.0032 0,0045 0.0043 ‘0.0029
5 ' 0.0026, 0;0015 0.,0024 0,0011 -
6  0.0022 -~ 0.,0023 - -
7 0.,0010 - - - -
Table 20.
"Econonic coefficient,
Tine after | Econamic coefficient
inoculation Resistant strains

(days) - Parent PCNB 2:3:4:5 2:3:5:6 2:3:4:6

1 0421 0,23  0.21° 0,27 0,27
2 0,22 0.36 0,28 0,34 0433
3 0,35 0,486 0,43 0448 0,45

5 0,46 0,49 0,48 0,50 -

6 0,46, - 0,42 - -
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Table 18 showsithe dry weight of myceliun produced,
and Tables 19 and 20 the residual glucose and "economic coe~
fficient",

- In all readily observable aspects the PCNB and TCNB
resistant sﬁrains behaved sinilarly to the perent, After 2 days
a compact myceliun formed which enveloped the inoculum, Feathery
nycelial strands originatéd from the colonies, The colour of
all the myceliunm produced>was‘a pale gfey‘brown. Small
nmyceltiad "pellebst cppeared in themedium afier three days, The
colour of the nain colony deepened with age; and finally becone
a golden brown after 6 daya. Growth occurred at the glass
liquid interface and snall blacklsclerotia like bodies were
formed.,  Sporulation gtarted after 3-4 da&s. The naxirmn dry
weight of pycelium was recorded at 7-0 days.  Glucose was used
rapidly‘and diéappeared fron the nmediun after 5-8 days, The
value of the "economic coefficient" was betweeﬁ 0,21 and 0,51,

The results in Tables 13, 19 ond 20 show that there
was no significant difference bétween the parent and fungicide

resigbant strains.
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2.12 Growbth of.parent and resistant strains of

Botrytis ellii in liquid medium containing

10 ng. PCNB or TCHD

The behaviour of 0,5 cm. nonwsporulating discs of the
parent and resistant strains of B,allii was investigated in
liquid nmedium containing 10 ng, of PCNB or TCNB, Acetone
gsolutions of PCNB or TCNB were put into sterile 250 nl. conical .

flasks containing 0,5 ml, water, The fungicide was precipitated

fron solution and after evaporation of the acetone and water
(2 days), a fine filn of fungicide}was left on thebotton of the
flask. Fifty nl., glucose peptone solution was added and the
flasks secded with parent and resistant strains., The dry
.weight, and residual glucose determinations of these shake
cultures were carried out as described in section 2,11, The

results of these experiments are recorded in Tables 21 to 32,
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Table 21,

Dry weight of mycelium produced by parent and resistant

. strains in liquid nediun containing 10 ng. PCNB.

Tine after Dry weight of nmyceliun in g,
incculatiocon Resistant strains

(deys) ~ Parent  PCNB  2:3:4:5  2:3:5:6  2:3:4:0

2 0.0287  0.0197 0,0239 0.0260 0, 0331
3 0,0598  0.0421 0.0523 0.0664 0.0686
5 0.0887  0.1443 0,1577 0.1025  0,1725
7 0.1273  0,2065 0,1831  0,1779 0,2465
9 0.2061  0.2362 0.2196 0.2426  0,2207

10,1966  0.2248 0.2136 0.2361 0.2351

15 0.2004  0.2011 0,2266 0,2243 0.1942

Dry weight of inoculun (neaﬁ ten replicates) in g.
Parent PCNB  2:3:4:5 2:3:5:6 2:3:4:8

0.6013 0.0014 o0,0011 0.,0012 0.0014

Table 22,

Residual glucose of nedium 10 ng, PCNB,

Tine after : Residual glucose in g./ml.
inoculation Resistant strains
(days) Parent PCNB  2:3:4:5 2:3:5:6 2:3:4:6
2 0.,0085 0,0086 0,0080 0.00682 0. 0082
3 0.0076 0,0078 0,0068 0.0060 0.0075
5 0.0055 0.0042 0.0034 0.0040 0.0031
7 0.0036  0.0013 0,0022 0.0024 -

9 0.0014 -  0,0010  m -



Table 23.

Fcononiic coefficient. 10 ng, PCNB

Tine after ' Econoniic coefficient
inoculation : Resistant strains
(days) Parent PCNB 2:3:4:5 2:3:5:6 - 2:3:4:0
2 0.38 0.28  0.22 0,29 0.37
3 0.39 0.37 0.32 0.33 0.55
5 0,39 0,46 0,47 0.37 0,50
K G.48 0.47 0,47 - 0,47 -

9 0048 - 0.48 ’ - L]

10 ng, PCNB, Parent and resistant strains

Teble 21 shows the dry weight of nyceliun produced,
and Tables 22 and 23 the residual glucose and "econonmic
éoefficient".

"~ In the parent cultures a fine feathery mycelium, pale
creant in colour enveloped the original inoculun after 2 days.
After 3 to 4 days several small mycelial pellets, resembling
the nain colony developed in the medium,  Growth and sporulation.
appeared at the glass liquid interface after 3 to 5 days.

This nyceliun was nore deeply pignented than the flbating
colonies, Small black sclerotia like bodies were found at the
glass liquid interface after 9 days, - The nain colony
sporulated after 6 to 8 days, somewhat later than the controls
with nd fungicide. Also, fewer spores were produced., The
neximun dry weight of myceliun for the parent culture was

recorded at 9 days.



The behaviour of the. PCNB and TCNB resistant
straing was simiiar in all instances. Thelﬁz;ximum dry
weight of riyceliun was recorded at 7 to 9 .days. The
diffefences hetween the growth of these strains and that of the
parent in the presence of PCNB was the more rapid production
of myceliun and utilisation of gluccose by the resistant
gtraing, The PCNE resistant strain was not more resistant to
PCNB in liquid medium than the TCNB résistant strains, The
FCNB and TCNB resistant strains showed o slight advantage
over the ;'»arent strain in production of dry wéight and niore

efficient utilisation of glucose.

10 ng, 2:3:4:5 TCNB, Parent and resistont strains

'Table 24 shows the dry weight of myceliun produced,
and Tables 25 and 26 the residual glucose and "econoric
coefficient",

_ In the parent cultures macroscopic growth was seen
after 2 da‘ys.' The initial period of growth was characterized
by a very siow but regular increase in myceliunm, The hyphae
preduced,; which formed a émall spherical colony were slightly
swollen and distorted,  After 7 days, small nodules of
conpact myceliun coriposed of normal hy'phe;e appeared and these
'gradually extended over the original inoculum, A nunmber of
ninute mycelial pelleta were present in the medium at this

stoge, Growth occurred at the glags liquid interface after



=58

Table 24

Dry weight of myecelium produced by parcnt and resistant

strains in liguid nediun conteining 10 ng. 2:3:4:5 TCNB,

Time after Dry weight of nmycelium in g,
incculation Resistant strains. ,
(days) Parent PCNB  2:3:4:5 2:3:5:6 2:3:4:8

2 0,0013 0,0017 06,0033  0.0036  0,0037
3 0.0028  0,0042 0,0306.  0.0285 0.0361
5 0,0058 0,0077 0,0962  0.0906  0,0886.
7 0,0201 0.0411 06,1374  0,1349  0.1225
9 0.0531  0,0841 0.1518  0,1340 0.1241
11 0.0846 0,005 0.1569  0.0066  0.1240
13 0.0774 0,1264 0,11686  0.1078 ~ 0.1001
20 0.0642 0,0082 0,0929  0,0983  0.1142

Dry weight of inoculun (mean ten replicates) in g.
Parent PCNB 2:3:4:5 2:3:5:6 - 2:3:4:6

6.0022 0.0015 0,0011 06,0011 0,0012
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Table 25.

Residual gluéose of mediuri, 10 mg, 2:3:4:5 TCNB

Time after Residual glucose in g./ml,
inoculation Resistant strains
(days) Parent PCNB  2:83:4:5 2:3:5:6 2:3:4:6
2 0,0100 0.0099 0,0097  0,0097  0,0095
3 0,0099 0,0095 0,0082  0.0081  0.0080
5 0.0094 0.,0089 0,0086  0,0056  0,0057
7 0,0081 ©0,0072 0.0027  0,0033  0,0021
9 0,0046 0,0055 0.,0016  0,0012  0,0011
11 0.0022 0,003¢ 0,0010 - - -
13 0.0016 0,0026 - - -
Table 26.

Econontic coefficient, 10 ng. 2:3:4:5 TCNB

Tine after Economic coefficient
inoculation Resistant straing
(days) Parent PCNB 2:3:4:5 2:3:5:6 2:3:4:6
2 - - 0,12 0.14 6,15
3 0.26 0.11 0.33 0.29. 0,36
5 0.14 0,11 0448 0.41 C.41
7 0.20 0.29 6.38 0.40 0.31
9 0,19 0437 0,36 0,30 0.28
11 0.16 G.29 0.34 - -

13 0,18 0,34 - - -



13 days, with subsequent production of small black sclerotia like
bodies and gbnormal sporulation, ‘Short aerial hyphae were formed
with dilated ends, fron which a number of irregular swollen cells
were budded, These swollen cells were conetines septate, = They
were not easily removed from the'parent structure, and nay re-
present abortiﬁe conidia, This abortive sporulation was seen on
the nain colonies after 15 to 20 days. The mycelia and abortive
conidia were a pale creany colour derkening slightly with age.

The behaviour and develdpment of the PCNB resistant
strain resembled that of the parent, Macroscopic growth was
seen after 2 days and subsequent development wos identical with
that of the parent cuitures. The values for the "economic
coefficient" were between 0,11 and 0,37 compared with 0,14 and
0.26 for the parent strain, The naxirun dry ﬁeight of nycelium
recorded after 13 days was almost twice that recofded for the
parenf strain, Thé PCHD resistant strain was nmore resistant to
2:3:4:5 TCNB than the parent strain, and this was shown by the
gréater production of nmycelium and the nore efficient utilisation
of glucose, Invall other readily’observable aspects there was
no significant difference,

The three TCNB resistant strains behaved sinilarly to
-each other, but showed differences fron the parent and PCNB
resistant strain, There was no corresponding lag phase, A
corpact pale coloured mycelium developed which enveloped the

original inoculun after 2 days. This conpact mycelium was con-
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posed of closely interwoven hyphae, After 3 days small oycelial
pellets, identical in appearance to the main colony appeared in
the mediun, Growth started at tﬁe glass liquid interface after
7 to 9 days, conmpared with 13 days for thé pareht. Small black
sclerotia like bodies were formed at the glass liquid interface
after 9 to 13 days. Abnormal sporulation was seen on the nain
colonies and at the glass liquid interfaceé after 10 to 12 days.
The greatest dry weight of nycelium was recbrded for the 2:3:4:5
TCNB resistant strain after 11 days. This value was more than
twice that recorded from the parent cultures, The "econonic
coefficients" recorded for the TCNB recsistant straing were between
0.12 and 0.48, compared with 0,14 and G.26 for the parent strain,
The highest value, 0.48, was recorded for the 2:3:4:5 TCNB
resistant strain, Table 26 shows that at comparable intervals
the "econonic coefficient" of the TCNB resistant strains was
always greater than that of the parent, Table 24 shows that the
presence of 2:3:4:5.TCNB reduced the amcunt of nmyceliun produced
conpared with the controls in Table 18; The nain difference
between the behaviour of the TCND resistant strains and that of
~the parent and FCNB resistant strain was the nore rapid growth
and development of the TCNB resistent strains without prominent
hyphal abnornality, the greater production of myceliun, and the
nore efficient utilisation of glucose, The three TCNB resistant
strains were nore resistant to 2:3:4:5 TCNB than the parent or

PCNB resistant strain,. The 2:3{4:5 TCNB resistant strain did
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not appear to have any advantage over the 2:3:5:6 TCNB or

2:3:4:6 TCNB resistant strains.

Table 27,

Dry weight of niveeliun produced by parent and resistant

straing in liguid nmedium containing 10 neg. 2:3:5:6 TCNB,

Tine after | Dry weight of nyceliwm .l g..
inoculation Hesistant strains
(days) Parent ~PCNB  2:3:4:5 2:3:5:6 2:3:4:0
2 , 0.06012 ¢©,0013 ©,0013 10,0029 0;0027
4 - 0,0017 0.06C613 0.0018 0, 0478 /0.0526
6 0.002r 0.0035 0©,0179 0.0937 0.0867
10 €.0305 0,637 ©0,0718 0.1416 0.,1316
12 0.0377 0,0521 0,0925 0.0022 0,1214
16 - 0,0653 0,0770 0,1174 0.1607 6.1202
20 0.0821 0,0956 0.1040 0, 0954 0,1168
26 0,0774¢ 0,0931 0,0802 0,0903 0.1262

Dry weight of inoculun (mean ten replicates) in g.
Parent PCNB 2:3:4:5 2:3:5:6 2:3:4:6

¢.,0014 0,0013 0,0014 0.,0013 0.0011



Residual glucdse of nediun 10 ny, 2:3:5:6 TCNB
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Tsble 28.

Tine after
inoculatbion
(days)

2
4
6
10
12
16

20

Econonic coefficient,

Parent
0.,0100
0,0100

G.0099

0.6081

0.0075 -

€,0C60

0.00C22

Residual glucocse in g./ol.
Resigtant strains

PENB  2:3:4:5

0.,0100
0,0100
6.0098
0.0081
0.0070
640051

0,0017

0.6100
0.0100
0.0086
0,0042
06020
0.0016

Table 29.

2:3:5:6
0,0099
0,0073

0,0042

10 g, 2:3:5:6 TCNB

Time after
inoculation
(days)

2
4
8
10
12
16

20

Parent

C.12
0.30
0.29
0.33

0.21

Bcononic coefficient

PCNB

0,20
0,39
0.42
0,32

0.23

0,26

.24

0.29

0.28

Resistant strains
2:3:4:5 2:3:5:06
0,30

0,36

6,32

2:3:4:6
0.0099
0. 0666
- 0,0050

6,0010

2:3:4:6
0,24
0.31
0,41

6.29
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10 ng, 2:3:5:6 TCNB., Parent and residtant strains

Table 27 shows the dry wéight of nmyceliun produced,
and Tables 28 and 29 the residual glucose and "econonic
cocfficient",

With the parent strain the effect of 2:3:5:6 TCNB on
growth was riore pronounced than FONB or 2:3:4:5 TCNB.,  Macro-
scopic growth was not‘observed for 4 to 6 days after inoculation,
The hyphae produced in the initial period of growth were swollen
and gnarled, and dark brown in colour,  After 10 dayé, pale
nodular areas were seen on the inoculun, This paler growth,
conposed of normal but compact hyphae beceme the predoninant
type. Snall mycelial pellets eppeared in the nedium after 10
days. These pellets were conposed of pale coloured closeiy
interwoven hyphae identical to the pale coloured hyphae in the
nain colony. After 12 to 13 days, growth startéd at the glass
liquid interface and subsequently small black sclerotia like
bodies were formed. = There was no indication of sporulation on
the nain or subsidiary colonies, but abortive sporulation of the
type seen in the 2:3:4:5 TCNB vultures cccurred at the glass
liquid interface, Table 27 shows that the maxinunm dry weight
of myceliun recorded was 0,0821 g, after 20 days. Conpared with
the control, Table 18, which recorded a maxinu dry weight of
0.2281 g, after 7 days.

The behaviour of the FCNB resistant strain in the

presence of 2:3:5:6 TCNB was sinilar to the parent strain.
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Macroscopic growth was ncon after 4 to 6 days and the maxirun
dry weight of myceliun was recorded after 20 dayd. Table 28
shoﬁs that glucose was used ot approximately the same rate as
for the parent, The initial growth fron theinoculim Was COIl
posed of pale coloured closely interwoven hyphae. The FPCNB
resistant strain was not more resistant to 2:3:5:6 TCNB ﬁhan the
parent,

With the 2:3:4:5 TCNB resistant strain nacroscopic
growth was seen after 4 days, During this lag phase fhe
glucose level in the mediun remained static, Table 28 shows
that this was the same in the parent and PCNB resistant strain
cultures, The myceliun produced was initially pale in colour
and conposed of nornal, but compact and closely interwoven
hyphae,  Suall black sclerotia like bodies were forried at the
glass liquid interface after 10 to 14 dayé. Abortive sporu—

lation occurred at the glass liquid interface after 14 to 16
days, but not on the nain colony. Glucose was consuned more
rapidly than in the parent and PCNB resistont strain cultures,
Table 28 shows that fhe residual glucose had fallen to 0,0020 g./
nl. after 12 days ccnpared to 0,0075 g./ml. for the parent, and
0.0070 g./ml, for the PCND resistant strain, In production of
dry weight of myceliun and utilisation of glucose, the 2:3:4:5
TCNB resistant strain showed that it was nore resistant to
2:3:5:6 TCND than the parent or FCONB resistant strain., The

2:3:5:56 TCNB, and 2:3:4:6 TCNB resistant strains showed nacro-



scopic growth fron the inoculum after 20 hours, The nyceliun
produced was initially pale in colour, ond composed of normal
corpact closely interwoven hyphae.  Abortive sporulation and
srall black sclerctia like bodies were formed at the glass
liquid interface after 14 to 16 days, and abortive sporulation
was geen on the main celony after 16 to 20 days, The nmoxinmun
dry weight of nmyceliwm was recorlzd after 10 days, Table 28
shows thal over 25%~bf the glucose in the mediun was used by the
2:3:5:6 TCNB and 2:3:4:6 WCNB resistant strains before the
parent or PCNDB resigstant strain showed macroscopic growth or
had utiliged any glucose in the mediun,

The 2§3:5:6 TCNB resistant strain was slightly nore
resistant to 2:3:5:0 TCND than the 2:3:4:6 TCNB resistant
strain, and both these strains were clearly more resistant to
2:3:5:6 TCNB, than the parent, PCNB resistant, or 2:3:4:5 TCND

resistant strains.



Table 30.

Dry weight of niyceliun produced by parent and resistant

8trains in liquid nedium containing 10 ng, 2:3:4:6 TCNB

Time after Dry weight of myceliun in g.
inoculation Resistant strains
(days)  Parent PCNB  2:3:4:5 2:3:5:6 2:3:4:6
3 10,0012 0,0013 0.6017  0,0019  0.0058
7 0,0011 0,0016 0.,0085  G,0087  0.0396
11 0.0014 0,0015 0,0246  0.0461  0,0921
13 0.0014 0.0609 0,0430 06,0857 06,1051
15 0.0016 0.0013 0,0542  0,0971  0,1138
22 0.0035 0.0037  0.0813  0.0803  0,1048
28 0.0046 0,0066 0,06892  0.0782  0.1072
32 0,0057 0.0086 0,0888 6.0711 0.1266
43 0.0082 ©€,0166 0,0755  ©.0646  0.0734
53 ' 0.0112 6.0274 0.,0865 0.0735  0.0862

Dry weight of inoculun (nmean ten replicates) in g.
Porent PCNB  2:3:4:5 2:3:5:6 2:3:4:0

0.0018 0,6013 00,0014 6.0011 0,0014



Table 31.

Residual glucose of nmediunm. 10 ng. 2:3:4:6 TCNB

Tine after Residual glucose in g./ml.
inoculation Resistant strains
(days) Parent PCNB  2:3:4:5 2:3:5:6 2:3:4:6
3 0,0100 0,0100 0,000  0,0100  0,0096
7 0,0100 06,0100 0,0096  0,0094  0,0075
11 0.0100 0.0100 0,0086  0,0072  0,0018
13 - 0,010 0,0106 0,0079  0,0046 -
15 0.0160 0,0106  0,0068 0.6018 -
22 0.0095 0,0096. 0,0040 - L.
28 0,0094 0,0002  0,0012 - -
32 0,0086  0,0088 - - -
43 , 0.0074  0,0064 - - -

53 . 06,0056 06,0043 - - -



Table 32.

Fcononic coefficient., 10 ng, 2:3:4:6 TCNB.

Tine after Econonic coefficient

inoculation . Resistant strains.
(days) Parent PCNB  2:3:4:5 2:3:5:6 2:3:4:6
3 - - - - - 0,22
7 - - 0,35 0.23 0,32
11{ - - 0.8% 0,25 0,23
13 - - 0,40 0,32 -
15 - - 0,35 o.é4 -
22 0,11 0,12 0.27 - -
28 0,11 0,13 0,20 - -
32 0.06 0.2 - - -
43 0,06 0,08 - . -
53 0,05 0,00 - - -

10 ng. 2:3:4:6 TCHNB. Parent and resigtant strains

Table 30 shows the dry weight of mydeliun‘produced,_and
Tables 31 and 32 the residual glucose and "ecoﬁomic coefficien "

‘With the parent the lag phase was 15 to 18 days. This
was considerably longer than with the previous TCNB treatments,
The original myceliun produced wos conposed of distorted swollen
hyphae, pale brown in colour, Small pale nodulose areas, con-
posed of paler coloured, but normal hyphae appeared on the
original inoculun after 32 to 36 days. Small pale coloured

nycelial pellets were found after 43 days., Very little growth
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took place at the glgss liquid interface, The nain and sub-
sidiary colonies did not sporulate or produce any structure con-
parable to the abortive conidia of the previous TCNB treatnents.

Table 31 shows that nearly 50% of the glucose had
disappeared fron the nediun but the dry weight of nyceliun wos
only 0.0112 g. This poor utilisation of glucose for production
of nycelial dry weight is reflected in the low value of the
"economic coefficient",

The growth of the PCNB resistant strain 1n the presence
of 10 ng, 2:3:4:0 TCNB was 81m11ar to that oi the parentb The
lag phase was 15 to 18 days, but the initial growth consisted of
éreamy coloured nodules on the inoculum cenposed of closely
interwoven hyphae, Mycelial pellets were formed in the nediun
after 28 days. Small black sclerotia like bodies were formed
at the glass liquid interface after 30 to 36 days, . There was
no sign of sporulation, either on the main colony or at the
glass liquid inﬁerface. Table 31 shows that over 50% of the
glucose in the medium had been used but the dry weight of
nyceliun was only 06,0274 g. . This poor utilication of glucose
gave a low "econonic coefficient" of 0,09,.. The PCNB resistant
strain was not more resistant to 2:3:4:6 TCNB- than the parent for
the first 22 to 28 days, but Tables 30 and 31, show that during
the last month of the cxﬁeriment fron 28 to 53 days, the PCNB
mesistant strain was nore resistant than the parent,

The three TCNB resistant strains were all iore reristant
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to 2:3:4:6 TCNB than the parent or PCNB resistant strain,
GrowthAstarted fron the inoculun after 2 to 3 days in all
cultures, . Pale nodular areas, composed of closely interwoven,
but otherwise normal hyphae formed on the original inoculun,
Small mycelial pellets appeared after 3 to 4 days. The hyphae
 in these pellets were identical with those produced fron the
original inoculun, Snall black sclerotia like bodies formed

at thé glass liquid interface after 24 to 28 days in the 2:3:5:0
TCNB and 2:3:4:5 TCNB resistant strain cultures, and after 7‘to
11 days in the 2:3:4:6 TCNB registant strain cultures, ferial
hyphae appeared at the glass liquid interface and on the surface
of the main colony after 22 to 26 days in the 2:3:5:6 and 2:3:4:5
resistant strain cultures, and after 11 to 13 days in the 2:3:4:0
TCNB resistant strain cultures, Thése short hyphae terminated
in a swollen portion, nostly elongate, but some almost spherical,
These structures, which may represent abortive conidiophores were
non pignented, and gave the surface of the nyceliun a white
powdery appearance, Table 30 shows that the 2:3:4:5, 2:3:5:6
and 2:3:4:6 TCNB resistant straing werc rioreresistant fo'2:3:4:6
TCNB than either the parent, or PCNB'resiétant strain,

Maximun dry weipght of nyceliwm was recorded after 15

to 28 days, and Toble 31 shows that thg‘glucose in the mediumbhad
been used after 13 to 28 days, The 2:3:4:06 TCNB resistant
- strain was nore resistant than either the 2:3:4:5 or 2:3:5:6

TCNB resistant strains, Table 31 shows that after 11 days over



80% of the glucose had disappeared from the nediun of the 2:3:4:6
TCNB resistant strain, compared with 14%.in the 2:3:4:5 TCND
resistant strain cultures, and 28% in the 2:3:5:6 TCNB resistant
strain cultures, Table 30 shows that after 11 days the 2:3:4:0
ICNB resistant strain had produced twice as ruch nycélial dry
weight as the 2:3:5:6 TCNB rcsistant strain and almost four times
as much riycelial dry Weight as the 2:3:4:5 TCNB resistant strain.
The dry weight of nycelium, and residual glucose of |
nediun of the parent, PCNB and 2:3:4:6 TCNB resistant strain
cultures are shown graphically in Figures 2 to 7. These graphs

are based on results recorded in Tables 18, 19, 21, 22, 24, 25,
27, 28, 30 and 31,



UM '|°N g.
=

DRY WEIGHT OF MYCELI

iy &

<

KEY

O PARENT.
RESISTANT STRAINS.
® PCNB.

® 2:3:4:6 TCNB.

\J Y ¥

2 4 n)
TIME N pavs. ® e

FIG.2. GROWTH OF PARENT, PCNB, AND 2:3:46TCNB

RESISTANT STRAINS OF '
ME DIUM. B.ALLIi IN LIQUID



~l4m

0-0100
KEY
OPARENT
RESISTANTSTRAINS.
E © PCNB.
3 ® 2:3:4:6 TCNB.
o
w
w
Q0006 O+
v
2
-
O
.|
<
=2
Q
v
w
o
0-00201

: TR R
TIME IN DAYS.
FIG. 3. RESIDUAL GLUCOSE OF MEDIUM.



WEIGHT OF MYCELIU

DRY

NLIN q.
0

KEY.

oPARENT
RESISTANT STRAINS,
@ PCNB.

e 2:3:4:6 TCNB.

°

2 a 6 8 1o
TIME IN DAYS.
FIG.4. GROWTH OF PARENT PCNB, AND 2:3:4:6 TCNB,
RESISTANT STRAINS OF B.ALLII IN LIQUID
MEDIUM CONTAINING |O mg, PCNB,



g-Iml

GLUCOSE

RESIDUAL

0-0100

000607

000201

7 Cem

KEY.
O PARENT
RESISTANT STRAINS.
O PCNB.
® 2:3:46 TCNB.

PG 5.

2 p 6 8
TIME IN DAYS,
RESIDUAL GLUCOSE OF MEDIUM

(GO mg.PCNB)

10



=y

KEY.
O PARENT.
RESISTANT STRAIN
© PCNB.
(e ® 2:3:4:6 TCNB.

o

b3

=

)

w

v

i

=

W

o)

'_-06

I

=

wl

=

>

(1 4

(a]

.02
1O 20 30 40 50
TIME IN DAYS.
FIG 6. GROWTH OF PARENT, PCNB, AND 2:34:6 TCNB

RESISTANT STRAINS OF B.ALLIl IN LIQUID
MEDIUM CONTAINING 1O mg. 2:3:4:6 TCNB.



OO0l
KEY
O PARENT.
RESISTANT STRAINS.

g © PCNB.
= ® 2346 TCNB.
o
w
wn
000061
U
-
-
0
J —
<
=
=}
0
w
(4

0002+

10 20 30 40 50
T IME IN DAYS,
FIG.7. RESIDUAL GLUCOSE OF MEDIUM (1Omgq.2:3:4:6 TCNB)



Surmary of results. Tables 18 to 32.

All the registant strains grew nore quickly, produced
a greater dry weight of myceiium, utilised glucose nore efficiéntly,
and showed less morphological abnormality than the parent strain
wvhen grown in the presence of PCMB or TCNB. Resistance to one
fungicide resulted in lowered susceptibility to PCND or the other
- TCNB isomers, In the presence of 2:3:5:6 TCNB, or 2:3:4:6 TCND,
the nost resistant strain was the one which had been exposed to
the vapour of that fungicide before the experiménto In the
presence of 2:3:4:5 TCNB, the 2:3:5:6 TCNB and 2:3:4:6 TCNB
resistant strains were as resistont to this fungicide as the
2:3:4:5 TCND resisbant strain, The 2:3:5:6 TCNB resistant
gtrain was riore résistant to 2:3:4:0 TCND *hnn ‘2n 2:3:4:5 TCNB
resistant sfrain; The TCNB resistant strains were as resistant
as the PCMB resistant strain waen grovm in liquid riedium con~
taining PCNB, The effect on sporulation of PCNB or TCND isorer
wos less than in the vapour phase, The most active igorer was
2:3:4:6 TCND, and the least active fungicide was PCNB, " The
order of activity decreased in the series 2:3:4:6 TCND, 2:3:5:6
TCND, 2:3:4:5 TCND, PCNB,

These results substantiated the reéults obtained in
section IV, 2,8, and confirmed the conclusions of Parry (1957),
that a cormon adaptation mechanisn to PONB and the TCND isoners

exists in Botrytis allii,
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2.13 Bffect of dichloronitrobenzene isomers on

linear growth, hyphal morphology and
gporulation of parent, PCNB, and TCNB

registant straing of Dotrytis allii

Three dichloronitrobenzenes weré used in the vapour
phase as described for TCHNB isomers in section IV, 1,0, 0.5 cm.
nonmgporulating discs of D.allii were used to inoculate thélPetri
dishes, The three isonmers used were, 2,3 dichloronitrobenzene
(2,3 DCNB), 2,4 dichloronitrobenzene (2,4 DCNB), and 2,5 di-
chloronitrobenzene (2,5 DCNB), The results obtained are

recoerded in Tables 33 to 37,

Table 33

Linear growth of parent, PCNB and TCNB resistant
strains of B.allii in presence of 10 ng, 2,3 DCNB

Time after Mean colony diameter in cm,
inoculation Resistant straing
(days) Parent PCNB 2:3:4:5 2:3:5:6 2:3:4:06
47 0.5 0.5 0.5 . 0,5 045+
58 0.5 045 0.5 - 0.8 C, 5+
93 0.5 0.5 0,5 045 0,6

+ ='Slight growth, but less than 0.65 cr,



Table 34

Linear prowth of parent, PCND and TCND resistant

gtrains of B.allii in presence of 1 ng, 2,3 DCNB

Tine after Mean colony dianeter in cn,
inoculation Resistant strains
(qays) Parent PONB  2:8:4:5 2:3:5:6 2:3:4:6
2 0s5 045 Ceb 0.6 0.91‘
3 0,5 0.5 0,5 0.5 1.1
4 0.5 0.5 0,5 0.5 1.3
5 05 G5 045 0.5 1.5
7 0.5 0.5 0.5 0.5 1,7
9 0.5 0.5 0.5 0;5+ 1.8
13 0.5 0.5 0.5k 0ub+- 1.8
17 _ 0.5 0.5 0,5+ 045+ 1.8
25 | 0.5 0.5 0a 5+ 0 5+ 1.8
47 0.5 0.5 0.5+ 045+ 1.9
58 | 045 0.5 045+ 0.5+ 1.9
70 0,5 0.5 0.7 0,5+ 2,0
93" 0.5 0.5 144 0,6+ 2.3

+ = §light growth, but less than 0,05 cn,
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Pl

A,

Growth of 2:3:5:6 TCNC

rcsistant strain of

3,allii in prescnce of

1 ng, 2,3 DCNB, After
160 deys.

Us Growth of 2:3:4:5 TCNDG
resistant strain of
Beallii in presence of
1 ng. 2,3 DCNE, After
10U days.



Plate 3
A, Growth of 2:3:4:6 TCND

resistant strain of

3.allii in presence of

1 ng, 2,3 DCNB,  After
93 days.

53

Growth of 2:3:4:6 TCND

resistant strain of

Beallii in presence of

1 nge 2,3 DCNB.,  After
93 days.
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Fig, 8

e

Abnornal hyphae of 2:3:5:6 TCND resistant strain.

(1 ng. 2,3 DCNB)

Vacuolated areas enclosed by dotted lines.



Fig, 9
Abnormal hyphae initially produced by 2:3:4:6 TCNZ
resistant strain (1 ng. 2,3 DCND)

Vacuclated areas encloged by dotted lines.



Mg, 10
Abnormal hyphae initially produced by 2:3:4:6 TCND
resistant strain (1 ng. 2,3 DCHB)

Vacuclated areas cnclosed by dotted lines
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Fige 11

Typical hyphae cof 2:3:4:6 TCIE resistant strain. srising
after 17 days (1 ng. 2,3 DCNB)

Vacuolated areas encloged by dotted lines
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2,3 DCNB, Parent and'resistantwstrainé‘

The response of the parent, PCND, and TCNB resistant
strains to 10 ng. and 1 nge of 2,3 DCNB is shown in Tables 33 and
34,
| Table 33 shows that after 93 days there was no neasurable
growth frqm the indculum in the parent, PCNﬁ,‘2:3:4:5 TCND and
2:3:5:6 TCND cultures in the presence of 10 ng. fungicide,
Microscopic examination of the inoculun did not show any hyphae
originating from this source., At this point the lids were re-
moved fron the plates and replaced with fungicide free lids,
After 6 weeks there was no sign of growth,  Attenpts to sub-
culture frormr the original inoculum failed, The 2:3:4:6 TCND
resistanf,strain showéd slight growth after 47 days.  The hyphae
‘produced during thé period 47 to 93 days were pale creamy yellow
in coloui.l These hyphae were swollen and gnarled, and the
hyphal walls were wrinkled and corrugated, Extensive areas of
vacuclation and granuldtion were present, Growth was irregular
-and did not develép evenly from the circunference of the inoculum.
This gave the colonies an uneven outline, Seventeen of the 20
replicates of the 2:3:4:6 TCNB resistant strain showed this type
of response; 3 plates‘did not show any evidence of growth after
03 days. |

.Table 34 shows that after 93 days in the presence of
1 ng, fungicide there was no measureble growth from the inoculun

in the parent and PCNB resistant strain Petri dishes, Micro—



~39e

scopic exanination of the inoculun did not show any newly formed
hyphae, The lids were removed from these plates and replaced
with fungicide free lids., After 6 weeks there was no sign of
growth, and attenpts to submcdlture from the original inoculun
failed, |

Slight growth was éeen after 9 days fron the 2:3:5:0
ICND resistont strain inoculum, ond after 17 days fron the
2:3:4:5 TCNDB resisfant gtrain inoculun, Ml cultures showed
gone- growth fron the inoculum, Growth from the inoculun was
irregular giﬁing rise to coloﬁies of uneven outline, The pale
yvellow hyphae produced by the 2:3:5:6 TCND resistant strain were
swollen and gnarled, but less so than the hyphae produced by
the 2:3:4:6 TCND resistant strain in the presence of 10 ng, |
2,3 DCNE, |

Plate 2 A (2:3:5:6 TCHD resistant strain/l ég. 2,3
DCNB), shows a typical colony after 100 days, Fig. 8 shows the
type of hyphae present,

The pale yellow hyphae initially forﬁed by the 2;3:4;5
TCND resistant strain werc gnarled and swollen, After 70 to 93
days less irregular hyphae were formed, Plate 2 B (2:3:4;5
TCN3 resistant strain / 1 ng, 2,3 DCNB), shows a colony with
hoth types of hyphae., Fig. 9 shows the type of hyphae produced -
initially. |

The 2:3:4:6 TCNB resistant strain behaved differeptly

in the presence of 1 mg, 2,3 DCNO, Two types of response were



seen, Eight out of 20 replicates produced a sparse spreading
nyceliun, The hyphae were normal in size and appearance, but
growth stopped after ¢ days. The greatest diameter reached was
4,8 cn. and the smallest 1.4 co., The other 12 replicates showed
no nacroscopic growth for 7 days, When growth started from the
inoculun, gnarled swollen hyphae were formed. These hyphae were
pale yellow in colour and showed areas of vacuolation and gran-—
ulation, Fig, 10, After 17 days snall areas of growth appeared
within the colonies showing the nornal type of hyphae, and at the
edge of colonies showing gnarled hyphae., The type of hyphae
present inuthese areas of growbth is shown in Fig, 11, These
hyphae werc creany yellow in colour and showed areas of vacuolation
and granulation, The walls were slightly corrugated, but inter-
calary swollen portions were absent, Plate 3 shows the twe
types of colony after 93 days.

No e&idence of éporulation was seen in any replicate
at either 10 ng, or 1 ng. levels of 2,3 DCND, Tables 33 and
34 show that the TCND resistant strains had some resistance to
2,3 DCNB, The 2:3:4:6 TCNB resistant strain survived at conc-
entrations of 2,3 DCNB that werc lethal to the parent, PCNB,
2:3:4:5 TCNB, and 2:3:5:6 TCND resistant strain, The PCNB re-
sistant strain was as susceptible asvthe parent isolate to the
vapour of 2,3 DCNB, Adaptation of B.allii to the tetrachlorom

nitrobenzenes gave sone degree of resistance to 2,3 DCNB,



Table 35.

Linear growth of parent, ¥CNI, and TCNB resistant strains
of B.allii in presence of 10 nmg. 2,4 DCND

“Tine gfter ‘ Mean colony dianeter in ecn,
inoculation Resistant straing '
(days) Parent PCND 2:3:4:5 2:3:5:6 2:3:4:6
2 0.5 0.5 0.5 0.5 0.5
4 . 0,5 0.5 0.5 0.5 0.5
12 0.5 05 0.5 0.5 0.5
20 0.5 0.5 0.5 0,5 0,5+
42 0.5 0.5 0,5 0.5 0.7
53 ' 0.8 0.5 C.8 0.5 2.7
69 0.5 0.5 0.5 0.5 6.4 8
95 045 6.5 0.5 0.5 C
+ = Slight growth, but less than 0,05 cn,
S = Start of sporulation
C = ‘Plates covered by nycelia



Table 36

Linear gxowth of parent, PCNB, and TCNB resistant strains

of D.allii in presecnce of 1 mg. 2,4 DCND

Tire after

inoculation
(days) Parent
2 0.8
4 0.5+
8 0.5+
12 0,5+
20 0.6+
42 0.8
53 1.1
69 2,6
95 4.2

+
i

w
]

Q
]

Slight growth, but less than 0,05 cn.

Mean colony diameter in cr.,
Resistant strains
2:3:5:6

POND

0,5
0.5+
0.6
0.7
0.9
2,9
4.4
8.4

c

Start of sporulation

2:3:4:5

G.8

2.5

3.8

4.9

6.7

6.7

8.3

C

Plates covered with nycelia

1.5
2,7
4,0
4.0
4,0
4.0
4.0
7.8

C

S

2:3:4:6

2.1
4.4 8

7.2
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Plate 4

A, Growth of parent isolate Be Growth of 2:3:4:8 TCH3
in presence of 1 ng, 2,4 regigstant strain in
DCN3, After 12 days presence of 1 npg, 2,4

DCNi3, After 12 days.
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2,4 DCNB., Parent and rcsistant strains

The response of the parent, PCND, and TCND resistant
sfrains is shown in Tables 35 and 36,

Table 35 shows that after 95 days there was no neasurable
growth from the inoculum in the pmrent, FCN3, 2:3:4:5 TCHD, and
2:3:5:6 TCND resistant strain cultures, grown in presence of 10 ng.
2,4 DCND, Micfoscopic exanination of the inoculun did not show
any newly forned hyphae, At this point the lids werc removed
and replaced with fungicide free lids, After 6 weeks there wés
no sign of growth. Atterpts to sub-culture fron the original'
inoculun failed, The 2:3:4:6 TCNB resistant stfain showled
slight growth after 20 days in the presence of 10 ng. 2,4 DCND, ‘
During the period 20 to 53 days, gnarled swollen yellowish hyphae
were produced at points around the inoculum giving colonies of
irregular outline, These hyphaé were identical to theose produced
by this strain in the presence of 10 mg. 2,3 DCNB,  After 53

~days less abnormal hyphae were produced. The hyphac produced
during the period 53 t§ 69 days were progressively less abnormal.
Sporulation gtarted after 69 days.' Sporulation was sparse and
did not arise on the myceliun formed ﬁp to 53 days, The plates
were covered with nycelia after 95 days. Table 36 shows that
all the strains produced sore growbth in the presence. of 1 ng,

- 2,4 DCND during the course of the experimenf.\ The behaviour‘éf
the parent and PCND resistant strain was gimilar. Gnarled

swollen hyphae, yellow brown in colour were produced, forming
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nodular areas around the inoculun, The parent strain produced
pale yellow hyphae from the nodular growth after 69 days, but
all the hyphae formed during the experiment were abnormal. The
BCND resistant strain produced pale yellow hyphae fron the
previous growth after 53 days, and finally after 89 days normal
hyphae were produced, covering the plates with ﬁycelia after 95
days. Sporulation was not observed in either parent isolate
or PCNB resistant strain cultures,

The 2:3:4:5 TCNB and 2:3:5:6 TCNB resistant strains
behaved sinilarly to each other, With the 2:3:4:5 TCNDE re-
sistant strain, 7 out of 20 cultures produced a thin nycelimn
of normal hyphae, This type of growth stopped after 12 days.,
The naxirun dianeter reached Was‘2.7 eri,  Small spots of
yellowish nycelium slowly formed at the edge, and Within these
colonies, These spots were composed of abnormal hyphae, showing
areas of granulation and vacuolation., They were closely inter-
woven conpared with the loose spreading nyceliun previously
formed. After 53 days these yellowish hyphae produced fan
shaped sectors of sparse myceliunm at the edge of the original
colony, The hyphae in these sectors were sinilar to thoge of
the parent isolate in the absence of fungicide, except that
they were nonbpigmented. This type of nycelium covered the
plates after, 68 days, Sparse sporulation was seen on the latter
growth of these sultures after 66 to 84 days, The other 13

cultures irmediately produced yellowish gnarled and swollen hyphae



fron the inoculun, After 8 days less abnormal hyphae were
formed, and during the period 10 to 20 days, normal hyphee were
forred,  The nyceliun covered the plates after 20 days. The
outline of the colonies was uneven, but the gradation from oné
type of hyphae to another was gradual and appeared evenly around
the colonies, Sporulatién started after 12 days in these
cultures, predominantly on the latter growth.

’The 2:3:5:6 TCNB resistant strain showed these two
types of response, Six out of 20 cultures initially prcduced
the yellowish gnarled and swollen hyphae, these became progressively
less abnormal and the plates were covered with mycelia after 8
days. Sporulafion gtarted after 8 days, and a noderate crop
of spores was produced, nainly on the latter growth, The’
renaining 14 cultures produced a fine delicate sprecading nyceliun
gonposed: of ndrmal hyphae, The naxirun dianeter reached by any
colony was 2;3 cn, This type of growth stopped after 12 days,
Spots of yellowish nyceliun developed at the edge and within
theeo colonies,  These yellowish areas produced irregular fan
shaped areas of normel hyphée after 53 days, which covered the
plates with a thin growth after 95 days. Sparse sporulation was
seen on this latter growth,

The 2:3:4:6 TCND resistant strain produced normal
colonies of regular outline., The hyphae were pale yellow in
colour, but otherwise resembled thoge produced in the absence of

‘fungicide._ The plates were covered with nycelin  after 8 to 12
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doys. Normal sporulation started after 4 days. - Plate 4 shows
the parent isolate and 2:3:4:8 TCND resistant strain after 12
days in the presence of 1 ng. 2,4 DCNDB,

. The results in Tables 35 and 36 show that the strains
adapted to TCMB or TCNB isomer were nore resistant to 2,4 DCND
than fhe parent isolate, The 2:3:4:6 TCNB resistant strain
grew in the presence of 10 ng. 2,4 DCNB, This concentration

killed the parent isolate and other resistant strains,

Table 37

Linear growth of parent, PCNDB, and TCNB resistant
stroing of B.allii in the presence of 1 nmg, 2,5 DOCNB

Tine after Mean colony diameter in cm,
inoculation : Resistant strains
(days) Parent PCNB 2:3:4:5 2:3:5:6 2:3:4:6
2 G.5 0.5 0.5 0.5 1.6
3 0.5 0.5 0.5+ 1.4 2.4
6 0.5 Co5+ 1,2 3.5 5.1 8
3 0.5+ b.5+ . 2.4 4,7 8 G.1
14 2.3 1.3 4,5 8 8.2 C
20 4.1 3.0 6.7 C
25 6.6 4,5 C
37 C C

+ = Slight growth, but less than 0.05 cr,

S = Start of sporulation, C = Plates covered with nycelia.
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fdig, 12
Hyphae produced by 2:3:4:6 TCND resistant strain in absence

of 2,5 DCNB, after 93 days exposurc to 10 ng, 2,5 DCND



Fig, 13
Abnormal hyphae produced by parent isolate

(1 zgy 2,5 DCNB)
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2,5 DCNB, Parent and resistant strains

'The‘growth 6f the parent, PCNB, and TCND resigtant
strains in the presence of 1 ng.. 2,5 DCND is shown in Table 37.

In the presence of 10 ng, 2,5 DCN3, none of the strains
showed any growth after 93 days. The lids were then replaced
with fungicide free lids, No sign of groﬁth was sﬁown by the
‘parent, ¥CND, 2:3:4:5 TCNJ, ahdv2:3:5:6 TCND resistant strains
after 6 weeks., Attempts to sub-culture fron t@g;inoculum
- failed.  The 2:3:4:0 TCN3 resistant strain sf;;ﬂedrgrowiﬁg after
7 days and rcached a riean dianeter of 1.9 en., after 28 days.
Hyphae were initially formed at several separate points around
the inoculun and gave rise to unevenly shaped colonies, The
abnormal hyphae produceﬂg:Eig.dlé,‘were pale yellow in colour,
Parts of the hyphae were swollen, and these swollen portions
often showed conspicuous grenulation,  The hyphae were élosely
interwoven, and formed nodular masses of mycelium, Hyphae sub-
sequently produced from these arcas were identical to those
produced by this strain in the absence of fungicide, though
only a sparse nyceliun was formed. There was no- sign of sporu-—
lation on thesc colonies, .

In the prosence of 1 nge 2,8 DCNB?.the parent isolete,
and PCNB resistant strain behaved sinilariy'to each other.. .
Growth started after 8 days. The hyphde produced Fig, 13, were
yellow brown in colour and showed large intercalary portions with

wrinkled walls and conspicuous granulation of the cytoplasn,
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These hyphae were closely interwoven and formed nodular nasses.
Irregularly shaped colonies were formed in all replicates,

After 14 to 20 days the hyphaé formed were less distorted, and
after 20 to 25 days nornal hyphaé were formed, which covered

the plates with a sparse myceliun after 25 to 37 days. Slight
sporulation confined to the latter growth, was seen on the
culturcs after 25 to 37 days. The behaviour of the 2:3:4:5
TCND resistant strain followed the type described for the parent
igsolate and ?CNB'résiatant strain, In all aspects however, the
effect Qf the fungicide was less narked,

Table 37 shows that the 2:3:5:6 and 2:3:4:6 TCNB ro-
sistant strains were alnost unaffected Dy the pfesence of 1 ng.
2,5 TCNB, | The cultures forned regular colonies with normal
hyphae,and sporulated abundently after 8 days in the 2:3:5:0
TCil3 resistant stroin, and after 6 days in the 2:3:4:6 TCND
resistant strain, | The‘only difference bétween these cultures
and those in the absence of fungicide was a distinct pinkish

tint to the irmature conidia.



102

2,14 Effect of 2,5 dibrononitrobenzene, and 2,5
diiodonitrobengene on linear ﬂrpwﬁh, hyphal
norphology, and sporulation of parent and
2:3:4:0 TCND resistont stroin of D.allii.

These two compounds 2,5 dibromonitrobenzene (2,5 DENB),
and 2,5 diiodonitrobenzene (2,5 DINB), were also used in the
- vapour phase, The rcsults of these experiments are recorded in

Tables 38 and 39.

Tatle 38

Linear growth of parent, and 2:3:4:6 TCND resistant strain.

of B,0llii in presence of 10 ng, or 1 ng, 2,5 DONB

Tirne after Mean colony dianeter in cn,
inoculation 16 mg. 2,5 DDNB 1 ng. 2,5 SOND
(dgys) Parent  2:3:4:6 Parent 2:3:4:06
strain strain
1 . 0,5 0.7 0.5 1.4
2. 0.5 1.4 08 2.2
3 . 0.5 2.1 0.5 207
5 0,5+ 3.4 © 0.5+ 4,18
10 0,5+ 5.3 S 0.7 7.7
14 G.6 6,0 1.0 C
20 Ce9 7.8 2.6 8
25 1.6 c 4e4

+ = Slight growth, but lesg than 0,05 cnm,

S = Start of sporulation € = Plates covered with mycelia
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Linear parowth of parent, and 2:3:4:6 TCND resistant strain

of B,allii in presence of 10 ng, or 1 ne. 2,5 DIND

Time after Mean colony dismeter in cr,
inoculation 10 g 2,5 DINB 1 ng, 2,5 DINB
(days) rarent 2:3:14:6 Parent 2:3:4:0
strain atrain
1 0.5 1.1 0.5 1.3
2 C.5 1.9 8 0.8+ 2.3 S
3 0.5+ 3.0 0.6 3,5
5 0.6 4.7 1.5 6.0
10 1.2 T4 3.1 c
14 | 2.3 8 C 5,2 8
20 4,0 7,8
25 7.9 C
+ = B8light growth, but less than (.05 cn.
S = Start of sporulation |
€ = Plates covered with mycelia

2,5 DINB, Parent and 2:3:4:6 TCND resistant strain

Table 38 shows the growth of the parent and 2:3:4:6
TCND resistaont strain in the presence of 10 ng., or 1 ng., 2,5 DDNB,

At the 10 nmg. level the parent initially formed ab-
norrial hyphae of the type first produced in the previous

experinents with dichloronitrobenzenes.  Less abnornal hyphae
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were forrmed after 14 to 20 days, and eventually after 25 days,
the hyphae formed were identical with those preduced in the
obsence of fungicide., The cultures did not sporulate furing
the course of the experinment., The hyphae formed by the 2:3:4:6
TCNB rosistant strain were sinilar to those produced in the ab-
sence of fungicide, and the plates were covered after 25 da&s.
Moderate sporulation started after 10 days.

At the 1 ng. concentration, the parent first fomed
abnornal hyphae. These progressively becane less abnormal,
and‘after 12 days hyphae indistinguishable from these produced
in the absence of fungicide were formed, Moderate 8poru1ation
started after.20vdays,‘main1y on the latter growth, The 2:3:4:6
TCNB resistant strain was almést unaffected at the 1 mg. level,
The hyphae were ncrmal in colour and appearance.,  Abundant
sporulation started after 5 days,

Table 38 shows that at the concentrations used, 2,5
D5NB had little effect on growth or sporulation of the 2:3:4:6
TCNB resistent strain, whercas with the parent strain, the
hyphae formed wefe initially abrormal and distorted, growth
was slow, and sporulation was suppressed or diminished.

2,5 DINB, Parent and 2:3:4:6 TCNB resistant strain

Table 39 shows the growth of the parent isolate, and

2:3:4:6 TCND resistant strain in the presence of 10 ng, or 1 ng,
2,5 DINB,
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“Ai both concentrations the pa?ent gtrain initially
prodﬁced abnorrial hyphac of the type seen with the other dihalo-
genatednitrobenzenes, These hyphae becane progressively less
abnornal, and after 14 days at the 10 ng. level, and 5 days at
'thell ng. level, the hyphae forrned were indistinguishoble fron
those produced by the parent isolate in the absence of fungicide,
Moderote spofﬁlation started after 14 days at both concentréxions.
The growth and spofulation of the 2:3:4:6 TCNB resistant strain’
Wés 6ompaxative1y unaffected by the fungicide atb both concentrae-

tions,

Surnary of results in Tables 33 to 39.

The effect of the three DCNB isomers on growth,
hyphal morpho;ogy, and sporulation of the parent, PCNB and TCHNE
resistont strains varied considerably at both concéntrations
used, and depend;d on the origin of. the strains, The parent
‘strain showed least, and the 2:3:4:6 TCNB resistant strain,
greatest tolerance tc these fungicides; 7The.2:3:4:5 and
2:3:5:6 TCNB resistant strains were intermediate in their tol-
erance, énd the FCNI resistant strain was almost as susceptible
a8 the parent'to thegse fungicides, At 10 ng, level the
strains were far nore susceptible to the three isomers of DCNB
than to PCNB or’TCNB igoners, At the same concentration 2,5
DBNB,iand 2,5 DIND exerted considerably less effect on growth,

hyphal norphology and sporulation cf the parent isolate, PCNB, '
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and TCND resistant strains than 2,5 DCND, The parent and 2:3:4:6
TCND resistant strain showed a graded tolerance to the halogen

geries of 2,5 substituted nitrobenzenes in the order I > 3r > Cl.

2.15 Linear growth, hynhal riorphology, and
sporulation of parent, PCND, and TCND

resistent stroins of B.allii in presence

of 2:3:5:6 tetrachloroaniline

The fungicide, 2:3:5:6 tetrachloroaniline (2:3:5:8 TCA),
was used in the vapour phase as described for TCNB and DCNB isorers,
This fungicide was prepared by reduction of 2:3:5:8 TCN3, The

results obtained are recorded in Table 40,

Prenafation of 2:3:5:6 tetrachloroaniline

Six g. 2:3:5:6 TOND was mixed with G g. grenulabed tin
and added to 30 nml, glacial acetic acid, Twelve nl, concentrated
acid was added slowly, and the nixture refluxed for two houré,
The resulting nixture was diluted with water to 120 ml., and then
nade strongly alkaline with 50% sodium hydroxide. This nmixture
was extracted with 40 nl, benzene, and the benzene extract
dehydrated with anhydrous nagnesiun sulphate, = The benzene was
slowly distilled off to reduce the volume of solvent, 2:3:5:6
tetrachloroaniline was crystallised out from the benzene, and
yielded 4,4 go The aniline was purified by three recrystallisa-
tions from light petroleun ether. Colourless feathery needles

of 2:3:5:6 TCA were obtained, M.P. 1069 = 109? The final yield
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was 4.1 g
Analysis Found ,'Calcﬁlated
c 32,1 312
H 1.7 1.3
N 5,7 6.1
Cl 5047 01l.4

99.2 100,0
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Table 40

Linear growth of parcnt, PCNB. and TCNB resistant
-stféins df Deallii in preaénce of 10 ng., 2:3:5:6 TCA

Tine after Mean colony diameter in en,
ircculation Resistant strains
(days) Parent PCNB 2:3i4:5 2:3:5:6 . 2:3:4:6
2 6,5 | 0.5 ' 6e5 . 2,6 1.7
3 0.5 045 0.5 3.28 2.78
8 0.6 0.6 0.8 6.6 6.0
8 0,80 M 1.0 1.2 C C
14 2,2 | 3,7 .4;3
S = Start of sporulation
M = First appearance of clearly defined saltan’s sector
C = Plates covered with mycelia

2:3:5:6 TCA. Parent and resistant strains

The lineer groﬁ%h of the parent isolate? PCND, and TCMD

resigstant strains is shown in Table 40C,

| The 2:3:5:6 TCND, and 2:3:4:6 TCNB resistant strains were
alnost unaffected‘by this fungicide, The hyphae were.idenﬁical
in colour and nmorphology to those produced by these strains in the
absence of fungicide, Good sporulation started afier 3 days,
The latter growth during the period 4 to 8 days was characterised
by the production of fluffy white aerial hyphae, The 2:3:5:6 TCNB

resistant strain grew slightly nore quickly ti-n the 2:3:4:6 TCNB



fesistant strain, The parent, PCNB and 2:3:4:5 TCND resistant
strains all produced abnormal hyphee after a lag period of 3 to
‘6 days, ' The hyphae.were gimilar to those first formed by these
gtraing in the presence of TCNB isomefs. After 8 days clearly
defined saltant sectors with a nore rapid growth rate appeared
in the parent cultures, The PCND and 2:3:4:5 TCNB resistant
gtrains did not produce clearly defined saltant sectors, but
the hyphae became progressively less abnormalizand the outline
of the colonies became scalloped and irregular after 6 to 10 days,
Sporulation was not seen in these cultures during the course of
the experinent,

Table 40 shows that the 2:3:5:6, and 2:3:4:6 TCH3
reéistant straiﬁs were alnost conpletely resistant to 2:3:5:6

TCA.

2,16 ILinear growbh, hyphal morphology, and sporulation
of parent isolate, and 2:3:4:8 TCNI3 resistant

strain of B.allii in presence of 2.6 dichloro~4-—

nitroaniline

The fungicide 2,6 dichloro—4-nitroaniline (2,6 DCNA),
was usced in the vapour phase as described for TCND and DCNB isow

ners: The results are recorded in Table 4l.
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ture of 2:3:4:6 VWCNS
Culture 2:3:4:6 TN
resistant gtrain in 1 g,

2,6 DCNA after 6 doyo
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Culture of parcmt isclate
in 1 nge 2,6 ECHA after
0 days
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Plate 6
Culture of 2:3:4:6 TCHDS Culture of parent isolate
resistant strain in 10 g, in 10 ng. 2,0 BCHA after

2,8 DCHA after 6 days 6 dayg
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Table 41

Growth of parent and 2:3:4:6 TCND resistant strain
of B,allii in presénce of 10 ng, oxr' 1 ng, 2,0 DCNA

Tine after Mean colony dianeter in cn,
inoculation Parent 2:3:4:6 TCNB strain
(days) 10 ng, 1 ng. 10 ng. 1 ng.
2 (Y 2,6 2.4 2.5
4 1.4 8.2 8 4.4 S 4,9 8
6 1.8 851 6.9 7.6
16 2.9 MS c c C
17 5.8
21 C
S = B8tart of sporulation
M = First appearance of clearly defined saltant sector
C = Plates covered with nmycelia

2,8 DCNA., Parent isolate and 2:3:4:6 TCND

regsigtant stroin

The growth of parent isolate, and»2:3:4:6 TCHD resistant
strain in the precence of 2,6 DCNA is shown in Table 41,

With the 2:3:4:6 TCND resistont strain, at both
concentrations of the fungicide, there was little or no effect
upon the rate of growth, hyphal nmorphology, or sporulation. ¥With
the parent isolate at the 1 ng, level therc was little effect upon

growth rate, hyphal morphology or sporulation compared with controls
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in the absence of fungicide. The colonies formed were, however,
irregular in outline., Plate 5 shows the parent, and 2:3:4:6
TCNB resistent strain after 8 days growth in the presence of

1 ng. 2,6 DCNA,

At the 10 ng, level, growth of the parent isolate was
slow and the hyphac produced were dark ﬁrown in colour, frequeptly
branched, aﬁd closely interwoven.  After 10 days lighter colodr
fan shaped sectors were produced at the edge of the.colonies.:
Five to 11 of thesc sectors were produced for each culture. These
sectors grew nore rapidly than the previous nmyceliunm, Sporulation
started after 6 days, sparscly on the groﬁth before sectors appeared,

and abundantly on subsequent growth, Plate 6 shows the ﬁarent,
and 2:3:4:6 TCND resgistant strain after 0 days growth in the
presence of 10 mg. 2,0 DCNA,

| After 14 days 0.5 cme. disgcs were taken from the saltaﬁt
sectors of the parent isolate growing in the prescnce of 10 ng.
2,6 DCNA, These discs were used to inoculate new Petri dishes,
and these cultures were grown in the presencé and absence of 2,6

DCNA, The results of this experinent are recorded in Table 42,
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Table 42

Linear arowth of 0.8 en., dises removed from culturesg of

parent isolate of B.allii expoged to 2,6 DCNA in presence

of 10 nz. 2,6 DCNA

Tine after ‘ Mean colony diameter in cns
inoculation :
(days) no fungicide 10 ng. 2,6 DCNA
2 1.4 1.2
4 3.1 8 2.5 S
6 5.2 3.8
8 Ted 5.6
10 ¢ 8.6
12 | 8.8
14 C
8 = Start of sporulation
C .= Plates covered with rycelia

10 ng. 2,6 DCNA, 2.8 DCNA resistant strain

The results recorded in Tables 41 and 42 show that the
2,6 DCNA resistant strain was nore resistant to 10 ng., 2,6 DCNA
than the parent isolate, but sonewhat less resistant than the
2:3:4:0 TCNB resistant strain, The 2:3:4:6 TCND resistant
strain covered.the plates after 8 to 10 days, whereas the 2,0

DCNA resistant strain took 12 days.
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2,17 Growth of parcnt isolate, 2,8 DUNA, and 2:3:4:8

TCNB resistant gtraing of 5.allii in licuid mediun

Non-sporulating dises, C.5 cme. in dianeter, of'the
parent igolate, 2,8 DCNA, dnd 2:3:4:6 TCND resiétant strains were
used to inoculate 250 nl. conical flasks containing 850 nl., glucose
peptone nediun, Two cultures of the 2:3:4:6 TCNDB resistant strain
were used; 2:3:4:6 TCNB (1) had been grown in the presence of 2,6
DCNA vapour,vand then gub-cultured in the absence of the fungicide;

2:3:4:6 TCNB (2) had not been exposed to 2;6 DCNA vapcur. The
dry weight of myceliuw produced by these shake cultures after

varying time intervols was found, and recorded in Table 43,

Table 43

Bry weight of nmyveelium produced by parent isolate,
2,08 DCNA, and 2:3:4:6 TCND resistaont strains in liquid

pediun
Time after Dry weight of myceliun in g.
inoculation Resistant strains
{days) Parent 2,06 DONA  2:3:4:6(1) 2:3:4:6(2)
1 ©0,0202  0,0137  0.0148 0.0166
3 0,1176  0,0904 0.0996 0.1202
5 0.2045 ©,1926 0.19875 0.2161
7 0.2272 00,2443 0.2462 6.2336
10 0.,2366  0,2427 0.2205 0,2188

14 06,2154 0,2065 06,1966 0.2234
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The results recorded in Table 43 show that the dry
weight of mycelium produced by these strains was sinilar, There
were no differences in appcarance, or behaviour of these
culturcs,

Table 44

2.18 Growth of parent isolatec, 2.8 DCNA, and 2:3:4:6

TCND resistant streing of B.allii in liguid

nediwn containing 10 mp, 2,8 DCNA

Tine after Dry weight of nyceliun in g,
inoculation Resistant gtrains
(days) Parent 2,6 DCNA  2:3:4:6(1) 2:3:4:6(2)
3 0.0021  0,0044 0.,0511 060490
5 0.0U64  0.0224 0.0715 0,0630
7 0,0235 0,0842 0.1477 0.1592
10 06,0646  0,2158 0,2530 0.2395
14 06,0082  0,2032 092261‘ 0,2308
7 0.0866  0,2161 0.2357 - 0.19062

Liguid mediun containing 10 np. 2,6 DONA.

Parent, 2,0 DCNA, and 2:3:4:6 TCHD rosistdnt strains

The dry weight of mycelium produced by these gtrains in
the presence of 10 nmg, 2,6 DCHA is shown in Table 44,

The behaviour of the pavent isolate, and 2,06 DCNA re-
gistant strain cultures was similar, though nore rapid
production of mycelial dry weight took place in the 2,6 DCNA

registant strain culiures, Gro-rth from the inoenlum was seen
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after 3 dayse. The hyphae produced were palé crean in colour and
similar to those produced in the absence of the fungiwmide, Thesc
hyphae were closely interwoven about the original inoculunm anl
formed an almost spherical gompact colony. In the parent cvltures,
a nurtber of small colonics, 40 to 70, and less than 1.5 rri, in
dianmeter appeared after 7 dayss. The hyphad in these colonies
were identical with those in the larger main colony. |, Aftgr 10
to 14 days the nain and subsidiary colonies started to develop a
black pignent. At this point slight growth was seen at the
‘glogs liquid interface, Subsequent growth from the colonies
wag of pale fawn delicate hyphae. After 12 to 14 days 2 few
conidia were produced, but only at the glass liquid:interface;
This type of behaviour was shown by the 2,6 DCNA resistant strain
cultures, . The nain and subgidiary colonies turned black after 7
to 10 days. Growth started at the glass liquid interface after
5 days and o few conidia were formed at this surface after 7
days.

The two 2:3:4:6 TCNB resistant strains behaved sinilarly
to each other, but their type of response was corpletely
different fron the parent and 2;6 DCNA resistent sbrain,  Growth
fron the inoculun started after 1 day. The hyphae produced and
the colonies formed were identical with those produced by these
straing in the absence of fungicide, émaller subgidiary colonies
did not appear in the nedium, The nyceliun was less conpact,

and the hyphae were pale fawn brown in colour, Growth and
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sporulation started aﬁ the glass liquid interface after 3 to §
days, and the nain colony sporulated moderately after 7 to 9
days, The yellow acicular crystals of 2,6 DCNA disappeared fron
the nediuvn after 2 to 3 days. .These crystals were actually
emrieshed in the myceliun produced. A sinilar effect was obtained
by dropping cotton wool pellets into shake flasks containing

10 ng. 2,6 DCNA, The parent and 2,6 DCNA resistant strain
cultures did not emmesh the fungicide within their nmyceliun, this
probably acqounted for the large number of subsidiary colonies in
these cultures‘resulting from nycelial fragments broken from the
original inoculun,

Table 44 shows that both the 2:3:4:06 TCNB resistant
stra;ns'were conpletely registant to 10 ng., 2,6 DCNA in liquid
nediuny = Frevious exposure to 2,0 DCNA vapour did not give thé
2:3:4:6 TCNB resistant strain any advantage over the 2:3:4:6
TCND resistant strain which had not heen exposed to 2,6 DCNA,

The 2:3&4:6 TCND resistant strains grew nore rapidly, and
produced nore dry weight of nmycelium than the parent or 2,6 DCNA
resistant strain, The 2,06 DCNA resistant straih grew niore
rapidly then the psrent and produced a naxinun dry welght of
rycelium, 0,2156 g., after 10 days, conmpared with the parent,
0,0902 Zey after 14 dayg. Strains of Bfallii adapted to 2:3:4:6
TCND were completely resistant to 2,6 DCNA ‘in liquid mediun,
Strains adapted to 2,6 DCNA vapour were more resistant to 2,6
DCNA in liquid mediunm than the parent, but less resistant than

the 2:3:4:6 TCND resistant strain,
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2,19 Linecar growbth, hyphal moxphology, and sporulation
‘ of parent isolate, and 2:3:4i6 TCNB resistant

gtrain of B.allii in presence of benzene vapour

The behaviour of the parent isolate, and 2:3:4:6 TCNB
resistant strain was investigated in benzene vapour; 0.5 cr, non-
sporulating discs of these strains were used to inoéulate Petri
dishes, ﬁhi@h were then irmediately placed in benzene vapour.

The Petri dish lids were supported by three sterile glass rings
1,0 cne in diameter and 2,0 enm, high, inserted in the agar at
the edge of the dishes. This enables the benzene vapour to
circulate freely over the surface of the plates, Eight repli-
cates of the parent and 2:3:4:6 TCND resistant strain were placed
in a 17,5 litre desiccator and cooled benzene added to give the
required concentration of benzene vapour, In the first experi-
ment recorded in Table 45, the concentration of benzene vapour
was increased fron 1,000 pe.pe.nis to 2,600 p.pene after 4 days.

The results of these experiments with benzene vepour

are recorded in Tables 45 and 40,
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Table 45.

Linear growth of parent, and 2:3:4:6 TCNB resistant strain

of B.allii in 1,000 and 2,000 p.p.nie benzene vapour

Tine after . Mean colony diameter in cr,
inoculation 2:3:4:6 TCND Denzene
(Qays) Parent resistant strain  vapour p.pere

1 1.2 1.1 1,000
2 2.2 2,0 1,000
3 4.1 3.4 1,000
4 % 5.3 8 4,1 8 1,000
5 5,5 5,4 ’ 2,000
6 5.8 6.7 2,600
7 8.0 7.9 ' 2,000
8 6.6 M 8.4 2,000
9 7,1 c 2,000

S = Start of sporulation
'C = Plotes covered with nycelia
M = First appearance of clearly defined saltant séctors

¥ = Benzene concentration increased fron 1,000 to 2,000 p.pens
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1,000 and 2,000 pe.pefle benzene vancur, Parent,
and 2:3:4:08 TCND resistant strain

Table 45 shows the cffect cf Lenzene vapour on the linear
prowth of parent isolate, and 2:3:4:6 TCN3 resistant strain, The
results are alsc graphically shown in Fig., 14.

At a concentration of 1,000 pepeie benzene vapour, the
grewth rate, norphology of hyphae, and appearance of colonies were
similar to those in thc abgence of benzenes The 2:3:4:6 TCND
resistant strain was not noticeably affected Ly increcasing the
concentrations tc 2,000 pepen The parent isclate was, however,
affected. The rate of growth was reduccd and the hyphae produced
were cdarker in colour and sciewhat abmormals  The hyphae were
twisted and guarled and reserbled thosc produced by the parent in
the presence of TCND isoriers. After 4 days at the inercased
concentration of benzene vapour nuiercus fan shaped sectors
appeared in each culture of the parent isclate. The hyphae in
thesc sectcrs werc paler in colour than those produced previously,
but did not show norphological abnormalities,  Sporulation
started after 4 days in both series, but was less in the parent

cultures than in the 2:3:4:0 TCND resistant strain culturcs,
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Table 46

Linear prowth of parent, and 2:3:4:6 TCND resistant strain

of Bsallii in presence of 4,000 p.pelie benzene vapour

Tine after Mean colony dieneter in cm,
incculation 2:3:4:6 TCNB DBenzene
(days) Parent resigstant strain Vapour DePelle

1 0.7 049 4,000
2 09 1.7 4,000
3 1.1 2.4 4,000
4 1.2 3.3 8 4,000
5 * 1.4 4.0 4,000
6 2,2 5.1 -~
1 3.3 5.9 -
8 4.3 6.8 -
9 8,0 7.9 -

8 = Start of sporulaticn

*
Il

Plates removed from benzene vapour
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4,000 D.DJ1e bDENzene VapolUra. Parent, and 2:3:4#6

TCNB rcsistent strain

Table 46 shows the effect of benzene vapour at a conc~
entration of 4,000 p.pene on the linear growth of parent and
2:3:4#6 TCN3 resiséant gtrain, The results are also éraphically
shown ianig. 15,

Table 46 ghows t@at the rate of growth of the 2:3:4:6
TCN3 resistént strain was reduced at this concentration, The‘
appecarance of the 2:3:4:6 TCN3 resistant strain colonies wasg
identiéal with that in the previous experinent, fhe pareﬁf
isolate grew more slowly, the hyﬁhae were gnarled, twiéted, and
closely interwoven, Féw aerial hyphae were produced, and the
colour of fhe hyphae was darker, Sporulation was reduced, but
was seen after B dgys. No saltant sectors appeared in these
cultures either dufing the benzene vapour regine, or after
reroval to a benzene free atmosphere. After renoval from benzene
vapour the growth rate rapidly increased, the hyphae pi‘oduced
wefe nornial, andlsporulation‘was a.'b.umila.n'b»° One distinguishing
charaéteristic of these cultures Teroved fron the benzene atnos-

phere, was the fluffy white aerial nmyceliun produced on the sub-

sequent growth,

Surmary of results, Tables 45 and 46

Benzcne wvapour at 1,000, 2,000 and 4,000 p.p.rie had

little or no effect on growth rate, hyphal norphology and spofu—
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1a£i;n of the 2:3:4;6‘TGNB resistant strain.

Benzene vapour ab 1,000 paperis did not affect the growbh
rate of the parent isolate; At higher concentrations the rate
.of gfowth was slower, and abnormal hyphae were formed, Saltant
gectors with a higher growth rate than the parent were produced
at a concenfration of 2,000 p.p.nis benzene vapour, ‘The effects
upon hyphai norphology, and rate of growth of non-galtant nyceliunm
were not permanent, but disappeared after transfer to a bénzene
free aimosphere. At concentrations éf benzene vapour which
affected the growth and hypﬁal rorphology of the parent, ﬁhg

2:3:4:6 TCNB resistant: strain was highly resistant,

The exPérhnents with PCNB and TCN3 resistant straing
were carried out over a period of 18 months., During this
period there was no reversion of these strains to the suscepti
ibility of the parent, when grown in the presence of PCNB or

TCND vapour,
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2,20 Bxanination of extracts of parent and 2:3:5:0

TCND resistant strain myceliun for presence
of 2:3:5:6 TCA

The results in secticen IV, 2,15 showed that when the
2:3:5:0 TCHB resistant strain of B.allii was grown on agar in ﬁhe
preéénce of 10 ng, 2:3:5:6 TCA, the strain was copletely re-
sistant to this fungicide, whereas the parent isolate, ¥FCND,
and 2:3:4:5 TCMD resistant strains were susceptible, If the
2:3:5:6 TCHR resistant strain reduced the nitro group of 2:3:5:0
- TCN3 to an anino group, this might account for the resistance
‘of this gtrain to 2:3:5:6 TCA vapour, The following experinent
was therefore carried out to try and detect the presence of
2:3:5:6 TCA in alcoholic extracts of nyceliun and culture nediunm
after growth by the parent isolate and 2:3:5:6 TCND resistant
strain in liquid mediun containing 2:3:5:6 TCONB,

Large culture vesselé containing 500 nl, glucose pep-
© tone mediun and 5 g, 2:3:5:6 TCND were seceded wifh 10 non-
‘sPorulating discs of the parent or 2:3:5:0 TCND resistant strain,
These culturcs were allowed to grow for 8 weecks, After 8 wecks
the myceliun was separated from the mediun by filtration through
several layers of muslin, thoroughly washed with distilled water,
air dried, placed in a Sobhxlet thimble, and then extracted by
refluxing with 100 nl, ethyl alcohol for 24 hours, The alcohol
extract was then reduced tc approximately 5 nl, by evaporation.

The following test was found tc be characteristic for
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2:3:5:8 TCA, and was appliedvto 1 nl, portions of the alcohol
extract, aﬁd t0 alcohol extracts of culture mediunm.

6.001 g, 2:3:5:0 TCA was dissolved in 1 nl, ethyl
alechol, and 0,1 ml, 10 N, hydrochloric acid added. This was
diluted to 5 ml, and cautiously boiled for 2 to 3 ninutes, : Th;
nixbure was cooled to 10°C with constent stirring, 0.001 g,
godiun nitrite in 1 nl, of water was added to this mixture over
30 seconds, with constant stirring. The solution was rapidly
filtered, and added to 0,005 g.l/B ~naphthol dissolved in 1 nl,
4 N, sodiun hydroxide. An orange brown colour and faint
precipitate formed., This was thought to be 2:3:5:6 tetrachlorom
benzene-azo-yg ~nophthols  The results of this experiment are

surmiarised in Table 47,

Table 47

Exanination of myceliunm and medium extracts for 2:3:5:6 TCA

. 2:3:5:6 TCNB Parent 2:3:5:8 2:3:5:6
resistant strain TCNB TCA
oycelium nediw nyceliun nediun

Reaction =ve —re -ve ~ve -ve +ve
~ve = no orange brown colour

+ve

orange brown colour

The results recorded in Table 47 show that there was no

evidence that the parent, or 2:3:5:6 TCNB resistant strain reduced

2:3:5:6 TCND-to 2:3:5:6 TCA.
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2.21  Chronatopgraphic exanination of carbohydrates

in extracts of myvceliun and.culture‘filtra$e

of parent, POND, and TCNB resistant strains

grown in absence and presencé of PCNDB or TCND

This experiment was carried out to detexmine whether
qualitative carbohydrate differcences cxzisted in extracts of
culture mediunt and riyceliur, when parent, PCND, and TCND resistant
gtrains of B,allii were grown in glucose peptone nediun containing
PCNB or TCNB,

250 nl, conical flasks containing 50 nl, nediun were
seecded with non-sporulating discsvof parent and resistant strains,
Each strain was also grown in the presence of 10 rg. PCNB or TCND,
- After varying intervals the fungal growth was separated from the
nediun by filtration through rugline The filtrate was conce
entrated to. approximately 5 nl, and spotted on No, 1 Whatman
- chronatography paper. The myceliun was air dried and then
~ extracted with 56% ethyl alcohél by refluxing for 24 hours, The
alcohol extract was concentrated to approxinately 5 ml, and
spotted on chromatographykpaper. Descending chromatograns were
run using propanol/ethyl acetate/water, T:1:2, es solvent, The
following solutions of carbohydrateé were used as nmarkers,

1% glucose
1% fructose
2% sucrose
2% nannose

3% ribose
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The chromatograns were run for 24 hours at room tenperature,
dried, sprayed with benzidine triéhloroacetic acid, and developed
at 100 to 110°C for 3 to 4 minutes, No qualitative differences
were found between the parent isolate and resistant strains,
Hewlett (1955), found ribose in nycelial extracts of Botrytis
cinerea grown in the presence of 2 3 5:6 TCNB, but thls carbo=
hydrate was not found in these experlments. The chromatograns
showed quantitative carbohydrate differences associ&ﬁed with
different rates of utilization of carbohydrate in the nediun, by

the parent and resistant strains,
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[

3.0 Growth, hyphal morphology, and sporulation of

Trichoderna viride in presence of captan

0.5 cn, diameter, non-sporulating discs of I,viride
were used té inoculate Petfi dishes containing 20, 80, and 500 PePell,
pure captan dispersed in glucose peptone agar. Captap was added
o 200 ni. moiten glucose peptone agar contained in medical flats
and thoioughly chaken to disperse the fungicide, The agar waé

poured into Petri dishecs and any plates showing uneven dispersion

of fungicide were rejected, The results of this experiment are

recorded in Table 48,
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Table 48

Lincar growth of T.viride in presence of 20, 80,

and 500 p.p.n. capton

Time after Mean colony dianmeter in cn.
inoculation ' Captan pepee
(days) Control 20 80 500
1 1.9 0.6 0.6 0.5
2 3.88 1.6 1.2 0.5
3 5.6 2,78 1.9 0,5+
4 7.3 4.1 2,56 8 0,5+
5 8.8 6.0 3.3 0.5+
6 C 7.5 4.9 0.6
T C 6.1 0,7
9 | 7.4 0.8
11 c G.9% 8
13 1,0
25 1;9

Mean ddily growth rate in cm./day

Captan p.p.n.
Control 20 80 500

1,7 1.2 0.8 0.06

Slight growth, but less than 0,05 cn.
Start of sporulation, Spores pignented green
Start cf sporulation, Spores pignented yellow

Plates covered with nycelia
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Table 48 shows the lincar growth of I.viride in agar
containing 20, 80, and 500 p.p.n. captan,

There Was a noticeable difference between the appearance |
of nyceliun at 20 and 8C p.p.ri.', and that at 800 p.p,m‘;. - At the
lower two ccncentrations, the myceliun was sparse, but hyphal
norphology was unaffected., The nycelium was nainly pfostrate;
but occasional aerial hyphae were formed.,  Good sporuigtion ‘
‘started unifornly after & to 4 days, and the cénidia we;e pig-
mented green, At 500 p.p.ris the hyphae were frequently‘brénched
and clogely interwoven, Aerial hyphae were absent, and the ad-
preased surface of the mycelium appeared élidy. Uneven sporu=
lation started after 11 days. The conidia w?re initially
éoibured yellow, but changed to green after 4 to 7 days, The
colonies were circular in Qutline'and growth was regular, No
salbant scetors appeared during the course of the experinent,

The results in Table 48 show that increased concentration of
capton reduced the rate of growth, and retarded sporulatio?.
The nean daily growth rate at 80 pe.p.ns was not very diffefenﬁ
from that of the comtrol or 20 p.p.n. cultures, The nean |
doily growth rate of T.viride on agar containing 500 p.penis

captan was rmch lower than the control,
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Growth, hyphal norphology, and svorulation of T.viride

in presence of 1,000 and 10,000 n.p.m; captan.

0.5 ey discs of T.viride were teken from control
cultures after 3 days, and fronm cultures growing on 500 p.p.os
captan after 4 wecks, and used to inoculate egar containing 1,000

and 10,000 pe.pems coptan, The results are recorded in Table 49,

Table 49

Linear growth of T.viride on agar containing 1,000_or
10,000 p.penis_captan

Tine after Mean colony diameter'in cn,
inoculation ' Untrained Captan "trained"
(days) 1,000 10,000 1,000 10,000
5 | 0.5 0,5 0.5 0.5
7 Q5 0.5 0.6 0,8
9 0.6 0.5 0.8 8 0.7 8
12 | 0.6 0.6 G.B.b 0.7D
16 0.7 0.6 0.9 0.8
20 0.7D 0,6 D 1.2 1.0
26 0,8 8 0.7 8 1,6 M 1,1
38 1,0 0.8 2.0 1.3 M
62 1.8 1.4 4.7 3,0

Mean daily growbth rate cma/day fron start of experiment :

0.02 0.01 0.07 0,04
8 = Start of spdrulation M + First appearance of sectors
D = Discoloured zone present outside limit of radial growth
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Tdbie 49 ghows that the nmean deily growth rate of the
untrained and capior "trained" myceliun was different. The
captan "trained" myceliun grew threc times as quickly as the un-
trained nyceliun at comparable concentrations of captan.  Growth
of the captan "trained" mycelium started after 7 days, compared
with 6 to 12 days for the untrained. Hyphal morphblogy of un-
trained and captan "trained" nyceliun was similar at both concén~
trations, The first forned hyphae were pale cream in colour and
were conposed of short bfoad cells with thick wallss  The hyphal
tips were swollen, These hyphae branched frequently and were
clogely interwoven, but acrial hyphae were abgent, The dense
mycélium was closely adpressed to the agar surface, and éppeared
sliny iﬁ surface view, The hyphal morphology and appearance of
colonies altered during growth,  After 9 to 20 days a few aerial
hyphae appeared, and the hyphae of the prostrate mycelium were

‘leés evident, A yellow brown discolouration of the agar was
seen after 12 days with captan "trained" culturcs, and after 16
days with the untrained cultures, This discolouration extended
1 to 2 cra. beyond the nmargin of growth, After 30 days the
captan "trained" cultures showed several irrogular sectors
ariging at the edge of the colonies, and these were considered
to be saltant sectors, These sectors produccd a congiderable
acrial myceliun, but the growth rate of the prostrate myceliun
was the same as that of the surrounding non-saltant nyceliun,

These sectors did not sporulate during the course of the experinent.
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Sporulation was retarded in both sets of cultures at the two
concentrations. The spores produced by both captan "trained"
and untrained ﬁycelium were usually green in colour, but sone
yellbw conidia were formed which slowiy‘became green,

After 10 weeks growth, 0.5 cr, discs of non-saltant
n&celiun were taken fron ihe 10,000 p.é.m. captan Petri dishes
and sub-cultured on fresh 10,000 p,p.m. captan agar. The

results of this experinment are shown in Table 5U.

Table 50

Continued prowth of captan "trained" nyceliun of
T.viride on agar containing 10,000 p.p.ns captan.

Tine after Mean colony diameter in en.
inoculation o
(days) 10,000 p.pen, captan
2 0.6
-8 0.9
12 - 1.3
17 2,2
38 4.7

Mean daily growth rate in cm,/day fron start of experinent 0,11

Table 50 shows that the nean daily gréwth rate of captan
"trained" myceliun had increased fron 0,04 to 0.11 cn./dey when

grown in the presence of 10,000 p,p.ms coptan dispersed in agar.

Occasioneal sectors appeared but were all of the type described



in the previous experiment, No fast growing saltants appeared in

any culture,

3.1 Growth 6f captan "trained" nyceliun of

Trichodernma viride on agar containing

captan analogues

0,5 cn, discs of the captan "trained" mycelium were
taken fron the previous 10,000 p.pene captan agar cultures‘after
5 weeks and used to inoculate Petri disheg containing 500 p.peci.
captan, or captan analogue digpersed in agar, The three ana-

logues investigated were;

N~trichlorcnethylnercapto-4-nitrophthalinide (N)
N-trichloronethylnercapto-3,8~endoxohexahydrophthalinide (E)

N-trichloronethylnercapto~4-nethyl,hexahydrophthalimide (H)

The results of this experinent are recorded in Table 51§



Tine after
inoculation

(days)

]33

Table 51

Linear growth of parent isolate and captan "trained"

nyceliun of T.viride in presence of 500 p.p.Hs captan

Mean

CT

i

]

1

2

N4 o oo B

11
13
16
18

23

or capban analogue

Mean colony dianeter in cn,

Control

P
1.7
3.4

5'3

6.8

8,2

cT
07
0.9
1.3
2.6
3.8
5.7

Te4d

:9)

P

0.5
0ub
0.7
0.9
1.3
1.7
2.3
3.0
3.8
4ot
5,6
6.3

8.4

CcT

0,7
1.4
2,2
3.0
4.1
4,9
5,7

1.4

. (%)

0.8

0¢85

0.5

0.5
0.5
0.5
0.5
0.5
0ud
e
Qe
0,5

0.8

CT
0.5
0.6

Ceb

0.5

0,5

(w)
P

0.5
0.5
0.7
0.9

1.0

. 1.2

1.3

1.6

1.0

1.9

2.2
2.4

2,8

cT
0.5
0,7

0.9

1.0

1.1
1.2
1.4
1.9

2.5

4,2

5.2

6.5

Captan

P

0,5

0:5

0.6

0,7

0.8

0.8

049
0.9
1.0
1.1
1.4
1,0

2,2

daily growth rate in mn./day fron start of experinent

1.5

1.0 .3 0.8

Parent isolate of T.viride

Captan "trained" strain of T.viride

Plates covered with nycelia

el

0.3

0.1

cY

005

0.6

0.8
0.8
049

1.0

1.1

1.4
1,8
2.3
3.0
3,7

5,3

0.2
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The results recorded in Table 51 show that for cach
‘ fungicide where growth was seen, the mean daily growth rate of

the captan "trained" mycelium was greater than that of untrained

myceliurn, The captan "trained" strain grow sonmcvhat léss rapidiy
than that of parent isolate, but this may have been due to resicmeal

captan in the inoculun, as subsequent sub-cultures of the 10,000
Depelle captan "trained" myceliun showed no difference in the
growth rate from that of parent isolate,

» " No growth was observed in cultures of either capten
"trained" mycelium; or parent isolate on agar containing 500
PeDelle N—irichloromethylmerc apto --3,6~endoicohexahydrophthalimide.'
The results showed that captan "trained" nycelium was nore re-
sigtant to the analogues, N—triéhloronethylmércapto-4-nitro-
phthalinide, and N—trichloromethylnercapto-—ll-methyl, hexahydro~

phthalinide, than parent nmycelium,
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3.2 Growth of captan "trained" myéelium of

T.viride in presence of captan after

 gub—culture in absence of fungicide

This experirent was carried out to find whether the
nean daily growth rate of the captan "trained" mycelium grown or
agar containing 10,000 p.peoie céptan‘remained the same for
growth on 10,000 p.p.ne capban ;gar after 8 wecks sub-culturc ir
the absence of captan, or was reduced to the level of untrained
oyceliurm,

0.5 cri. discs were taken from the 10,000 p.p.m. captan
"brained" myceliun and sub~cultured for 8 weeks in absence of
fﬁngicide; O.S cr, discs were then removed fron the lagt sub-
cultufe and used to inoculate Petri dishes containing 10,000 pep.r.
captan dispersed in agar.' The nean daily growth rate recorded
was 0,02 cn./day, corpared with 0,11 e, /day, Teble 50, for
previous growth on 10,000 p.pes coptan agar. The value for the
niean daily growth rate was, however, still>greater than that for
untrained mycelium; which was 0,01 cm./day. vThis experiﬁent was
repeated with sinilar results, These results show that the
ability of captah "trained" mycelium to grow more rapidly than
untrained mycelium on captan agar is lost, or greatly reduced

after sub-culture in the absence of captan,’
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3.3 Growth of non-sporulating rycelium of T.viride

in presencc and absence -of captan

During the course of the experinent recérded in Table
49, non-sporulating sectors appearéd. Ued cm. discs were
reroved fron these sectors and sub-cultured in the absencec of
captan for 1 week; 0.5 em, discs were then removed and used to
inoculafe Petri dishes containing 20 p.pe.ns coptan dispersed in

agar. .The ‘results obtained are recorded in Tgble 52,

Table 52

Growth of nOn-snbrulating oyceliun of T.viride on agor

nmediun containing 20 p,p.n. capten -

Time after Mean coloﬁy digneter in en,
inoculation  Captan free agar 20 p.pens captan
(Qays) P NsM P NSM
1 1.7 1.8 0.7 0.6
2 3,68 3.7 1.7 1.5
504 ‘ 5,7 2,8 S 2,9
5 8.3 c 5.2 5.5
7 c 8.5 C

P = Untrained ryceliun
NSM = Non-gporulating niyceliun

C = Plates covered with mycelia
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No captan

20 pepeite
captan

A. Non-gporulating strain B, Parent isclate

Ylate 7
Parent isolate, and non-sporulating strain cf T,viride on
20 pspen. captan agar, and captan free agar, after 6 days

growth,
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Teble 52 shewn that the growth rate of parent isclate,
and non-sporulating strain on 20 p.p.n. captan agar and on captan
free agar were sinilar, The main differences between the behaviour
of the two strains was the predonminantly aerial habit of the none-
sporulating strain, and the absence of spcrulation, compared with

the parent isolate.

Summarv of results Tables 48 to 52

Trichoderma viride survived and grew at concentrations
of captan up to 10,000 p.p;m. incorporated in glucose peptone agar.
The rate of growth of untrained myceliun was lower, the higher the
condentration of captan, At 20 p.p.2. there was little or no
effect on growth rate, hyphal morphology or sporulation, At IU,UOQ
p.perl. the growth rate was slow, hyphae were abnorral, and sporu-
lation was retarded., Resistant seltants with a higher growth
rate than captan "trained" myceliun did not appear during the
course of the experiments, Saltants were produced vhich formed a
predoninantly aerial mycelium but did not sporulate either in
presence or absence of captan,  The higher growth rate of
“"trained" nyceliun, compared'with'untrained mycelium Zm tho rvepence
of 106,000 p.p.n. capten was lost after sub-culture in the absence
of captan, Captan "trained" mycelium grew nore quickly than un-
trained myceliun in the presence of two captan analogues. The
N—trichloromethylmercapto—3,G—endoxohexahydrophthalimide‘at
500 p.p.ni. prevented growth of captan "trained", and untrained

nyceliun,
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3.4 Observations on dld cultures of TJviride

growing in the presence of captan

It was found that old cultures of captan "trained"
nyceliun of T,viride which had been growing on 10,000 p.p.nie
captan agar for geveral rionths often smelled strongly. Rich ‘
(1959), showed that 102y l-cysteine cndagoniged the toxicity of
coptan ab 3 x 10™°M in liquid mediun to Sclerotinia fructicole.
Cdptan reaocts with lécysteine in vitro go give c&stine, tetra-

" hydrophthalinide, hydrogen sulphide, carbon disulphide,
2-thiazolidine thione;4-carboxylic acid and hydrochloric acid,
The odour of old cultures of T,viridé nay have been due to the
presence of a number of volatile products, but a gas train was
rnade to try and detect the presence of hydrogen sulphide, The

apparatus constructed is shown in Fig. 16.

Gas train for detection of hydrogen sulphide

A streen of air was punped through the apparatus by
neans of a sﬁall "Dynax" pump, A 'T' junction with stopcock
(B), allowed a crude regulation of the air strean., The first
units (C and C'), were gas washing bottles which contained 100 nl.
of 2.5% cadniun acetate with 0,1 nl, of acetic acid. .These
renoved hydrogen sulphide from the incoming air, A second 'T!
junction‘(D), with capillary stopcock allowed a fine regulation
of the air strgam. ‘Moisture and cadnmiunm acetate spray were

removed by two 'U' tubes (F and F'), containing calciun chloride
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(8 - 14 meéh). A 'U' tube (G) containing silica gel (%" to
6 B.S.S.), indicated 2 dry air stream., The air strean then
passed into a saturator (J), which consisted of a roll of
chronatography paper, kept moistened by a small water reservoir
(L). The air strean then passed through a test charber (i),
This chanber consisted of two pieces of glass tubing (internal
dianeter 2,5 cr, ) with ground glass opposing flanges., A lead
acctate paper for detection of hydrogen sulphide was firmly held
betwsen these flanges by spring clips, The culture vessel (0),
was g 150 ml, conical flask with ground glass neck joint fitted
with a gas bubbling head, A second test chamber (P), was
placed after the culture chanber, The two test_chambers were
wrapped in aluminium foil to exclude light, The apparatus ended
in a bubbler (Q), containing butyl phthalate, All the gldss
joints were butted together with polythene ‘tubing, . |

‘The lead acetate test papers were prepared in the

following namner.

Preparation of lead acetabe test papers

Whotnan No, 1 filter papers (4°25 cre circles) were
found to be suitable for wet gtrength and gas porosity. The
test circles were prepared by irmersion in a G,5% aquédus lead
acetate solution containing 10% glycerdl. These circles were
‘drained and allowed to dry by hanging in a desiccator over
calciun chloride. The papers were then stored in a 1,500 ml,

desiccator over 5 nl, water until required.
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The circleé were tested in the apparatus and found to
detect 1 p.p.ote hydrogen sulphide, A brown stain of lead
sulphide appeared when hydrogen sulphide was present, Thig
stain was uniforn and not restricted to the downward side of the
gas streanm,

This apparafus allowed a hydrogen sulphide free noist

air stredm to reach the culture chamber at a steady rate,

Key to Fig, 16

3 .......Stopcbck for air regulation
C & C' Cadniun acetate bubblers
vseessedtopcock for fine regulation of air strean

& F' 'U' tubes containing calcium chloride

5
F
G seseese! U' tube containing silica gel
) .7;.;..Saturator containing roll of filter paper
L ....oocWater réservoir

M&P,..Test chanbers

0 veeeessCulture chanber

Q +i.vessGag bubbler containing butyl phthalate
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BExamination of parent andHIO,OOO D oDele Captan

"trained" nmyvceliun of T.viride growing in presence
of 10,000 p.p.ra captan for presence of hxdrqgen
sulphide,

1,0 ene diameter discs of captan "trained" myceliun of T.viride

' weye renoved fronm cultures containing 10,000 p.p.n. capten after

3 nmonths growth.‘ Similar discs were taken from captan free
~cultures éf the parent after 5 déys growth, The discs were
transferred to 150 ril. flasks containing 50 ml. 10,000 papetts
capton agar., When growth started fron the inoculﬁm, the |
culture chamber was placed in:the appgratusvand'allougd,to grow
for severai weéké. At fortnightly intervals the test circlesv
~énclosed in the test chanmbers (M) end (P), were reroved and
exanined for lead sulphide. The results of these eXperiments

are swrmerimed in Table 53,
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Table 53

Exariination of T.viride cultures growing on 10,000

D.Dall. Captan agar for presence of hvdrogen gulphide

Culture charmber Tire after inoculation

(weeks) -
o 2 4 6 3
T2 T2 TT T2 TT T2 T T

10,000 pepenis e -ve ~ve -ve -ve FS ~ve +ve
captan "trained"

nyceliun

Porent “UE =Te wVE V€ Ve ~VE Ve =Ve
Blank ' -ve =-ve ~Ve Ve Ve =Ve =Ve =vVe

no inoculun
Tl First test circle
T2 Secoﬁd test circle
~ve Negative test
+ve TYositive test

FS Faint stain

The results recorded in. Table 53 show that in all
testéwh&drogen sulphide free air reached the culture chamber,
No hydrogen sulphide was detected in the blank test, or in the
test with parent myceliun, A faint shadow was scen with the
10,000 p.p.nie captan "trained" nycelium after 8 weeks, and a
definite test ﬁas seen after 8 weeks, The results show that
hydrogen sulphide'%as not given off by 6aptan, or parenf
nyceliu, but trace quantities were given off by captan "trained"\
nyceliun,  The minﬁte quantities evolved were not comsidered to

be of significant inportance,
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V. DISCUSSION

In this investigation on the effect of the vapour of
pentachloronitrobenzene end tetrachloronitrobenzenes on DBotxytis
211ii it was found that more than one type of resistance déveloped,
D.allii becane adapted to these substances either by producing
non—sgltant ﬁycelium with a higher growth rate than that of the
» parent isolate, or by producing resistant saltants with a ruch
higher growth rate than that of the parent isolate, in the
prosence‘of these subétancea.

The vapour of these chlorinated nitrobenzenes retarded
growth, suppressed or reduced sporulation, and produced morpho-
logical abnormality in hyphae, These conmpounds were thus
fungistatic, rather than fungitoxic,

In the investigation of the effect of captan on

Trichoderma viride it was found that non~galtant riyceliun could

be"trained" to grow more quickly than the parent in high concen-
trations of captan, saltant mycelium was produced, but was un-~
able to sporulate either in the presence or absence of capten,
This saltant myceliunm did not grow more quickly than "trained"
mygelium produced under tﬂe sane conditions,

The results obtained will now be considered niore
fully.
The production of ryceliun resistant to the vapours of penta-

chloronitrobenzene or tetrachloronitrobenzenes- depended upon the
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ubility to survive the initial period of treatﬁent, when growth
was indiscernible. The growth of B,sllii in the presence of
these vapouig was retarded, and the hyphae initially produced
were swollen énd distorted., Resistant saltants werc produced and
these were characterized by a rmch higher growth rate than the
.parent isolate when grown in the presence of the vapours, The
distinction between saltant and non-saltant nyceliun was qlso
clearly evident in appearance of hyphae., The morphologicalA
characters of saltant hybhae were comparatively unaffected by the
vapours,  Growth was reduced in Qﬁglliig according to the
anouny oflpentachloronitrobénzene or tetrachloronitrobenzene
prescnt, Tﬁis gradation was élways evidént, but the reason was
not apparent, Hewlett (1955), calculated that the amount of
these substandes used to saturate the air presenﬁ in 9.0 cr.
Petri dishes with pentachloronitrcbenzene, or 2:3:5:6 tetrachloro-
nitrobenzene was-only & x lQ”Smg.v The lowest concentration
used in these experinents was 0.1 mg.;'considerably in excess of
this value, but higher concentrations showed an increased
effect upon the test orgenism, The fungicides were purified by
- recrystallisation and it is unlikely'tﬁat gny‘impurities were
present to influence this gradation,

The parent isolate of Baallii behaved in the sane
nenner to the wvapours of pentachloronitrobenzene or
tetrachloronitrobenzene, but the degree of effect on hyphal

norghology, rate of’growth, and sporulation was different



according to the vapour used, The resistant salbants were all
characterized by a paler colour, and a higher growth rate than
the parent isolate, when grown in the presence of the vﬁpours.
These substances always reduced or suppresséd sporulation on
saltant and non-saltant riycelium, Thig effect was not
pernanent, as both fypes of ryceliun. sporulated normally when
sub-cultured in the absence Qf fungicide vapour, The effect of
equivalent anmounts of the fungicides on sporulation and growth
was different, and this may have been due to the‘relative ease
with which the vapours were able to penetrate the hyphae,

— The resistant saltants produced in the presence of
2:3:4:5 TCNB, 2:3:5:0 TCNDB, 2:3:4:6 TCNB, and PCND vapour were
also resistant in varying degrees, to each of the other three
substances., This evidence of a cormon addptation rechanisn
suggests ﬂhat these vapours exert their effect by a sinilar
action, The resistant saltants did not, however, show the
sanie tolerance to each of the other substances, It is possible
that the resistant saltants were in some way specifically adapted
to the vapour with which they were initially treated, The PCND,
and 2:3:4:6 TCND resistant strains, sub-cultured fron the saltant
sectors, clearly showed this effect. The 2:3:4:6 TCNB reéistant
strain was as resistant to PCND vapour as the PCND resistant
- strain, but the PCN3 resistant strain was almost as susceptible
as the parent isolate to 2:3:4:6 TCND vapour, and did not

approach the degree of registance shown by the 2:3:4:0 TCND
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resistant gstrain, Thése effects were also apparent in liquid
nmediun, The sane pattern of behaviour was found with non-
saltant myceliun growing in the presence of the vapours of

PCND and TCNB. These experinents also showed that comparatively
little resistance to PCNB or TCND isomer had been built up by
non-galtant nycelium, The results of the initial expeiiments

on production of strains resistant to chlorinated nitrobenzenes,
confirned the conclusions of Parry (1957),,and Brook and

Chesters (1957), that some differential adaptation to PCHB and
TCNB isomers occurred, but showed that some cormon adaptation
mechénism‘must also be present, This hypothesis was substantiated
by the results obtained in liquid medium. Resistant strains
produced in response to exposure of the parent isolate to the
vapours of PCNB and TCHD isomers were grown in ligmid nediun
containing 10 ng. of the four substances, to see how far
resistance to one fungicide conferred resistance to‘another.

The results were assessed on two bages, rdte of utilization of
glucose and dry weight of mycelium produéed. These nethods

of acgsecssrent gave sinmilar results, | In the presence o£'10 nge.
fungigide the fesisfant strains utilized glucose riore efficiently
than the parent, and this was reflected ih the dry weight of
nyceliun produced, The ssame general picture was obt§ined, that
registance to one of the fungicides always confer;ed gone
resistance to the‘others, but that the extent of the resistance

depended upon the origin of the strain, PCNB was the least
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fungistatatic nember of the penta-, and tetrachloronitrobenzenes,
and the PCNB resistant strain was not affected by PCHB, but its _
growth was retarded by the tetrachloronitrobenzencs in the |
order, 2:3:4:6 TCﬂBj} 2:3:5:6 TCNB > 2:3:4:5 TCNB,.but it
still grew better than the parcent isolate in the presence of any
of these substances, 2:3:4:6 TCNB was the most fungistatic of
the four sﬁbstances, and the 2:3:4:6 TCNB resistant strain was
alnost unaffeéted by the other threc substances, The 2:3:4:5
and 2:3:5:68 TCNB resistant strains were internedigte in their
responsé to the fﬁngicides, between that of the 2:3:4:6 TCNB
resistant strain and the PCMB resistant strain, These two
resistant strains were riore resistant to the isomer with which
they had been originally treated, than to the other fungivides.
The "econonic coefficient" for the resistant straing
in the presence of ICNB or TCHS isomer reflected their aEility
and efficiency compared with the ?arent igolate, in converfing
carbochydrate supplied into cellular nmaterial.,  The iowest
values were given by the parent isolate and PCN3B resistant
gtrain in the presence of 2:3:4:06 TCNB, The’highest values
were recorded in the absence of fungicils, and high values were
also recorded by parent isolate and resistant strains in the
presence of PCHE. These results emphasized that of the four
subgtances considered, PCNB was the least fungistatic, and
2:3:4;6 TCNE the moat fungistatic, and that for the resistant

strains, the strain shcwing the greatest general resistance was
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the 2:3:4:6 TCNB resistant strain, and the least general
resistance the PCNE resistant strain, The results also showed
that ﬁyphal norphology and sporulation were less affected in
liguid nediun containing the fungicides than by the vapour of
these substances, This nay have been due to the extrenely low
solubility of thése chlorinated nitrobeﬁzenes in weter,

When the resistant strains were grown in the ﬁresence
-of the vapour of dichloronitrobenzene isomers, it was found that
the 2:3:4:6 TCN3 resistant stroin grew slowly in concentraiions
of‘2,3 - and 2,4 dichlorcnitrobenzene which killed the parent
igsolate, PCNB, 2:3:4:5 and 2:3:5:6 TCNB resistant strains, and
alsé survived without macroséépic gsign of growth,‘concentrations
of 2,5 dichloronitrobénzene, which killed the paerent isolate and
 other resistant stfains, These dichloronitrobenzenes were far
nore effective than PCNB or TCNB isomers at equivalent
concentrations in retarding growth;k" Yyphae produced in the
presénce of dichloronitrobenzenes were abnornal, and the abe
nornality though more pronounced was similar to that caused by
the tetrachloronitrobenzenes, The abnormal hyphae initially
produced were conspicuoﬁsly distorted, [Extensive areas of
vacuolation and grenulation were present, and the cell walls

were often creased and wrinkled, Intercalary swollen portions,

reseribling chains of chlanydospores were also produced,

Increased rate of growth was associated with diminished hyphal

abnormality,
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A nost interésting responsc was shown by the TCNB
resistant strains in the presence of 1 mg, of the dichloro-
nitrobenzenes., Sone cultures rapidly produced a thin prostrate
gpreading nycelim,  This growth continued for a few days and
then stopped. ‘The hyphae comprising this myceiium'were not
abnornal.  Subsequent growth was always associated with abnornal
hyphae produced from spots within, or at the edge of the colony.
Less abnorﬁal hyphae were produced from these areas, and
evenuuaily hyphae with a much higher grdwth rate in the presence
of these vapours were produced.‘ Cther cultures did not start
to gfow for several days, and the hyphée initially préduced were
~abnornal. There was no obvious explanation as to wvhy
replicates of the TCNB resistant strainsg responded differently
to the same treatuent,. The 2:3:4:6 TCNB resistagt gtrain was
clearly the nost resistant, and the PCNS resistant strain, the
least resistant to the vapour of dichloronitrobenzenes, These
léboratory studies showed that the dichloronitrobenzenes were
for more effective than the.tetrachloronitrobénzenes in retarding
growth, They were fungitoxie to the pérent igolate, whereas the
tetrachloronitrobenzenes only retarded growth and never killed
the fungus, If thege dichloronitrobenzenes chowed low
phytotoxicity and were not rore toxic than the tetraphloro—
nitrobenzenes to aninal life, they may prove nore effective
under field conditions than TCWB isotiers in controlling diseases

associated with Botrytis spp. The results with 2,5 halogen‘
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'aﬁbstituied nitrobenzenes showed that:when chlorine was replaced
with bromine or iodine, the resulting compcounds were far less
effective in retarding growth of B.allii, Hyphal abnornmalities
were not as conspicuous with these fungicides as with dichloro-
nitrobenzenes, The 2:3:4:8 TCNB resistant strain showed a
graded tolerance, at equivalent céncentrations to the three 2,5
hélogenated nitrobenzenes ih the order I > Br > Cl, = The reason
for this nmoy be associated with the eése with vhich the
halogens are removed from the benzéne ring,‘intrinsic activity of
the substances, or ease of penetration of the fungal wall by the
vapours,

When parent isolate and the 2:3:4:8 TCNB resistant
strain were grown in the presence of 2,6 dichloro-4-nitroaniline,
the growth and sporulation of the 2:3:4:5 TCNB registant gtrain
was scarcely affected, whereas the growth of the parent isolate
was retarded and sporulation delayed and diminishe&. Similar
results were obtained in liquid nmedium,  Black nmycelial pellets
were prodﬁced hj the parent isolate in liquid nediunm containing
this fungicide, This production of black hyphae was also seen
when the parent isolate was grown in liquid mediun containing
TCNB, - though in these cultures the development of black hyphae
was associated with growth at the glasslliquid interface,

The fungicide 2,6 dichloro-4-nitroaniline (allisan),
was recently_introduced by Boots Pure Drug Co., Ltd., anﬁ in an

aedvisory leaflet by the company was clained to be pérticularly
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“effective against Dotrytis cinerea on lettuce, Under laboratory

conditions it did not appear to be particularly active against
the parent isolate of B.allii, and was without apparent effect
on the 2:3:4:6 TCNB resistant strain, This'may'bé due to a
nuber of causes., Hewlett (1955),'observed that even within a
genusbﬁhe effect of POND and 2:3?5:6 TCNB could nct be foretold,
aé fests with nine different épecies of Botrytis showed that there |
was considerable variation both in the degree of retardation of
growth, and in the length of tinme of treatment before cuitures’
resuned slow growths It is possible that under field conditions
allisan exerts its conmtrolling effect upon Botrybis diaqéses,by
its présence within the plant systen, | |

Experinents with the parent isolate of B.allii ¥CNB3,
and TCNB resistant strains in the pgesence of 2:3:5:0 tetro-
chloroaniline vapoﬁr, showed that for equivalent concentrations
of fungicide, this substance was less effective in retarding
growth and suppressing sporulation than the corre5ponding 2:3:5:6
TCNB, This suggested that the TCNB resistant'strains possibly
lowered the activity of the tetraéhloronitrobenzenes by
reducing the nitro group to an amino group. If nitrate
reductases were present in the resistént streins they could be
associated with the adaptation of D.allii to the tetrachloro-
nitrobenzenes, vIt was found that 2:3:5:8 tetrachloroéniline
forme& an orange brown product under diazotisation condiﬁions

With/S naphthol, This reaction was used as a test for the
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presence of 2:3:556 tetrachloroaniline in mycelial and culture
filtrate extracts of the 2:3:5:6 TCNB resistant strain grown in
liquid nediun in the ﬁresence of large anounts of 2:3:5:06 TCHB,
No evidence of 2:3:5:0 tetrachloroaniline was found, This does
not invalidate thevsuggestion of reductioﬁ by the resistant
gtrains to a less effective derivative, but it does not appear
to be ?rimarily associated with development of resistance in.
B.allii to the tetrachlorénitrobenzenes{

Chronatographic analysis of mycelial and culture filtrate
eﬁtracts'of TCNB resistant stréins grown in liquid nediun coﬁ;
taining the tetrachloronitrobenzenes did not show any qualitative
carbohydrate differcences, and ribose which' was reported by

Hewlett (1655), under these conditions with Botrytis cinerea was

not found,

The parent isolabte of B.sllii and the 2:8:4:6 TCNB
resistant strain were grown in the presence of different
concentrations of benzéne vapour. It was found that ai.the
concentrations used, the growth rate of the 2:3:4:6 TCNB
resistant strain was hardly affected, whereas the linear growth
of the pdrent igolate was noticeabiy retdrded at 4,000 p.pen.
benzene vapour., = This expériment with benzene vapour suggeats
two possibilities why the TCNB resistant strains, particulorly
] the 2:3:4:6 TCNB resistant strain; are resistant to a wide
variety of compounds, The TCNB resistant strains nay be

registant to the benzene ring, which is the only chenical

7,
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structure cormon to all the compounds used, or they may be
resistant to fhe penetration of these vapours through the cell
wall,  /n observation poésibly associated with this latter
sugpestion was that when discs were toaken fron cultures of the
2:3:4:6 TCNB recsistant strain, it was found that these discs were
rech harder to cﬁt than those fron the parent cultures,' This
ougher nycelium was not associated with quentity of nyceliun,
ér‘with wall thickness, '

The4TCNB resistant strains retained their resistance
to the tétrachloronitrobenzenes during 18 nonths growth under
ordinary cultural conditions and in the absence of these
fungzieides, |

The general resistance of the TCNB’resistant strains to
a nunber of compounds, halogenated nitrdbenzenes, 2,6 dichloro-
4-nitroaniline, 2:3:5:6 tetrachloroaniline, and benzene; con-
clusively confirmed the hyjothesis that sone cormon adaptation
nechanisn exigts in B.allii to the tetrachloronitrcbenzenes and
ascaciéted subatances, The results with the tetrachloronitro-
benzenes also confirméd the conclusions of DBrook and Chesters
(1957), and Parry (1957), that some specific adaptation to

different isoners nmay exist.,

The results with Trichoderna viride on agar containing

AR Y

captan showed that this funguos could tolerate high concentrations

of this fungicide. Théy also showed that this fungus could be

"trained" to grow more rapidly than the parent isolate in the
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presence of captan,

The élow growing nyceliun initially produced in the
presence of captan was composed of prostrate distorted hyphae.
Sporulation was retarded, and pignentation of the gpores was
affected, Variants comparable to those produced by B.allii in
the presenée of TCND with a higher gfowth rate than the captan
"$rained" nyceliun did noﬁfarise during the ceourse of the
experinents with T.viride on captan agar, Non-sporulating
sectors did appear however, but their growth rate in the presence
of captdn was not higher than the "£rained" ryceliun, The
captan "trained" nyceliun was slightly more resistant to two
captan analogues, N—trichloromethyhnercapto,4;nitrophthalimide,
and N;trichloromethyhnercapto,4-methy1hexahydrophthaliﬁide, but
not to N—trichloromcthylmercapto 3,6~endoxohexahydr0phtha1imidé.

Bxperinents with captan "trained" nyceliun of
T.,viride growing on captan agar to detect the prescnce of
hydrbgen sulphide were inconclusivet The nminute amounts evolved
by this s%rain showed that hydrogen sulphide was unlikely to be
produced as a result of fungﬁl metabolism, or interaction with
captan, The results in this section also showed that hydrogen
sulphide was not associated with natural decomposition of captan,

The increased tolerance of éaptan "trained" nyceliun |
to captan was lost after sub-culture in the absence of

fungicide,
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Significance of experinental results.

The laboratory experinents with chlofinated nitro-
benzenes have shown that stable resistant strains of D.allii
arise when exposed to the vapour of TCND isomers or PCNBi
These laboratory studies represent extrene experinmental con-
'ditions which are unlikely to be present under field conditions,
It seems inmprobable that ordinary field conditions would
present B.allij with the opportunity to develop resistant strains,
since even under laboratory conditions the resistant straind did
not develop irmediately, and only at the higher cohcentratfons
used, However, under certain environmental conditions, such
as are present in frames and glass-houses where rmuch higher
local concentrations of fﬁngicide vapour nay be presenﬁ,
resistant strains could possibly develop. This study suggests

~ 'that isolates of B.allii or Becinerea fron franes or glass—

houses where chlorinated nitrobenzenes have been extensively used
shduld be exanmined for evidence of stable resistance, as these
conditions may represent a focal scurce, or reserﬁoir of
resistant strains accounting for the inconsistent and unsatis-
-fdctory results reccrded by advisory officers and growers using
YCNB and 2:3:5:06 TCNB in controlling diseases caused by
Botrytis spp.

One importanf aspect that ariéés fron this work is

the pathogenicity of the PCNB and TCNB resistant strains to
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onion, It is possible that under field conditions where these
fﬁngibides are uged that resistant strains do develop but that

they are not as pathogenic to onion as the parent strain,
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VI SUMMARY

vhen Dotrytis allii was exposed to the vapour of PCNB,
2:3:4:5 TCND, 2:3:5:06 TCNB, and 2:3:4:6 TCND siow

growing nyceliun was produced after varying intervals,
The hyphae were swoilen and distorted, and nore deeply

pignented then those of the perent isolate in the absence

-of fungicide, Germination of spores of the parent isolate

in PCNB or TCND vapour was retarded, and the gern tubes
produced were swollen and ebnormal., 2:3:4:6 TCND was the
nost fungistatic isomef, and PCND the least fungistatic

gubstance,

Sooner or later resistqnf variants were produced in the
presence of 10 mg. YCNB, or TCNB isomer,, The growth rate
of these variants was rmuch higher than that of the parent
isolate when grown in the presence of PCND ér TCNB isoner,
The hyphae of thesé résistant variants were normal in

appearance;

The vapour of ECND and TCND isomers had less effect on
established colonies of the parent isolate of.B.allii than

on newly inoculated Petri dishes. Lag phase and tine for

appecrense of resistant saltants were reduced, Registant

saltants of PCN3B were not so clearly defined, -
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The resistant saltants all grew normally and sporulated in
absence of fungicide, The rate of growth of the 2:3:4:0
TCNB saltant in absence of fungicide was lower than that of

parent isolate or other resistant saltants.

The resistant saltants were sub-cultured in absence of
fungicide, (subsequently called resistant strains in text),
and then grown in the presence of vapour of cach of the other

three substances, The resistant strains grew faster in the

" presence of vapour of all of the substances, than the parent

isolate, ° The 2:3:4:6 TCNB resisbant strain showed the
greatest general resistance to the vapours, and the PCNB
resistant strain the least general resistance to the other

vapours,

Non-saltant nyceliun produced by parent isolate in presence
of PCNB or TCNB wvapour grew élightly nore quiékly than une-
treated nmycelium, when grown in presence of PCNB or TCNB

vapour,

Spores produced by the resistant strains in abscnce of
fungicide did not germinate as well as those of parent
isolate in absence of fungicide, but germinated more quickiy
than those of parcnt isclate ih the presence of PCND and

ICNB wvapour,
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Resistant strains grown in liquid medium in the presence
of fungivides utilized carbohydrate rore efficiently than
did the parent in the same conditions, In liquid nediun
the mést fungistatic substance was 2i3:4:06 WCNB; and the
lecast fungistatic substancé PCNB; Resistance to either
¥ON3 or TCWB isomer, always conferred some resistance to
the other three compounds, These experiments with
resistant strains provided evidence for a cormon adaptive

nechanisn as well as for a more specific one,

PCNB ond TCNB resistant strains were used in conjunction
with other halogenated ﬁitrobenzenes, 246 dichloro—4~
nitroaniline, and 2i3:5:6 tetrachloroaniline, Resistance
to TCNB always conferred some\reéistance to these
compounds; thesc effects were nost narked with the
2:3:4:6 TCNB resistqnt strain, This strain grew slowly

in presence of concentrations of 2,3~ and 2;4 dichloro

‘nitrobenzene which killed the parent isolate, and other

rosistant strains,

The vapour of the dichloronitrobenzenes produced severe
norphological abnornmality of the hyphae of parent and
resistant strains. More than one type of re8ponsé to
sub-lethal ¢oncentrations of these vapours was shown by

TCND resistant stfainé.
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11. The 2:3:4:6 TCNDB resistant strain showed a graded tolerance
| to the halogen serics of 2,5 substituted nitrobenzenes in

the order I ¥ Br » Cl.

12, The 2:3:4:6 TCNB was unaffected by concentrations of
benzene vapour which retarded the growth of the parent

isolate,

13, No evidence was found to suggest that the 2:3:5:6 TCND
resistant strain was capablé of reducing the nitro group
of 2:3:5:6 TCNB to an anino group, and thus reducing the

fungistatic potential of 2:3:5:6 TCND,

14. The PCNB and TCNB résistant gtrains retained their
resistance for at least 18 months under ordinary

cultural conditions and in the absence of fungicides,

15, dhen Irichoderna viride was grown in the presence of

cdptan incorporated in agar, slow growing nyceliun was
formed, hyphae were abnormal, sporulation was retarded,
and pigmentation of the spores was affected. TI.viride
was ﬂtrainéd" to grow nore rapidly on agar containing
10,060 p.pen. captan aitér sub—culturé for several wecks

in presence of increasing concentrations of captan,
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Captan "trained" nyceliun reverted to the parent

susceptibility after 8 weeks growbth in the absence of

~captan,

Captan "trained" myceliun grew more quickly in the presence

of two captan analogues than did the parent isolate,

Hydrogen sulphide was found in trace quantities when

captan "trained" myceliun was gown on agar containing

10,0060 pespenie captan, The gquantities of hydrogen sulphide

produced indicated that thig compound was tnlikely to be an

inportant breakdown product of captan.
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