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I ABSTRACT

The degree of activity shown against Botrytis
cinerea by pentachloronitrobenzene (PCNB), 2:3:5:6-
tetrachloronitrobenzene (TCNB), and 2:6-dichloro-4-nitro-
aniline (DCNA) appeared to depend on the method of ap-
plication of these fungicides.

When they were applied in the vapour phase,
the fungicides retarded the linear growth of the fungus;
when they were impregnated in agar, they retarded its
linear growth more effectively, and also prevented germ-
ination of its spores. The fungus became adapted to
them by producing either non-saltant mycelium with dis-
torted hyphae, or resistant saltants with normal hyphae
and with a much higher growth rate than that of the parent
strain in the presence of fungicides.

Resistance of a strain of the fungus to any one
of these fungicides conferred resistance, in varying
degrees, to the other two fungicides and mycelia of resis-
tant strains retained their full resistance for a long
time and through many non-sporing generations.

About one half or less of the spores produced
in the absence of fungicides by fungicide-vapour resis-—
tant strains formed resistant colonies; spores produced
in the presence of fungicides by the fungicide-vapour
resistant strains and those produced by the impregnated-
fungicide resistant strains in the presence or absence

of fungicides gave rise to resistant colonies, but only
sbout one half or less of such spores appeared to be
capable of forming colonies.

Spores which were produced in the absence of
fungicides by parent and vapour-resistant strains, as .
well as mycelia of all strains were equally pathogenic
to lettuce. Spores produced by impregnated resistant
strains and those produced by vapour-resistant strains
in the presence of fungicides appeared to be less patho-
genic than the parent strain.
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IT INTRODUCTION

Fungicide formulations based on certain chlori-
nated nitrobenzenes and on dichloro-nitro-aniline have
been used with appreciable degree of success to control

diseases of plants caused by Botrytis species.

Laboratory studies have shown that when these
pathogens are grown in the presence of the vapours of,
or on agar media impregnated with, the active principles
of such fungicies, they grow very little or not at all
at first, but later give rise to ncw forms which are
resistant to the fungicides to which the original form
was sensitive. These resistant forms are unique in
that they arise spontaneously and not as a result of
'training' the parent form by exposure to successively
higher concentrations of the fungicides; Furthermore
they do not lose their resistance when grown for a
long time and through a series of generations in the
absence of the fungicides. Some recent investigstions
have demonstrated the genetical basis of this type of

resistance in Hyphomyces solani f, cucurbitae,

The development of resistant strains of
pathogens has always been a serious threat to the efforts
made to control plant diseases by the use of fungicides.
With plant pathogenic fungi, the problem of resistance

to fungicides does not yet seem to have become a very



serious one from the pratical standpoint, as is the
problem of drug-resistance of many human and animal
pathogens in medicine; there have been, however, some
reports of such resistance becoming of considerable
economic importance, Moreovern a greater variety of
chemicals, many of them selective, are now being in-
troduced as plant protectants, and used on a commercial
scaleg. Investigations which aim at a better unders tand-
ing of the phenomenon of fungicide tolerance therefore
seem to be timely.

The present study has been designed to in-
vestigate the nature of the resistance of Botrytis
cinerea to three fungicides, namely,

(i) pentachloronitrobenzene (PCNB), (ii) the 2:3:5:6-
isomer of tetrachloronitrobenzene (TCNB), and (iii)
2:6-dichloro-L4-nitroaniline (DCNA). These three
chemicals have been chosen because they have been used
commercially in various fungicide fofmulations which
have given promising results, and because thc responses

of Botrytis species to them are similar,
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III REVIEW OF LITERATURE

1. Adaptation

The earlicst accounts of the use of certain
non-phytotoxic protectant fungicides, introduced in
the nineteenth century, contained information on their
specificity; Robertson (1824), for example, noted
that sulphur was particularly active against powdery
mildews, and Millardet (1885), showed that Bordeaux
mixture, ineffective against these fungi, was very ac-
tive against downy mildews. Sulphur and copper fungi-
cides have now been used very extensively for many yecars
against powdery and downy mildews and other plant
pathogens, and it might well be expected that strains
of pathogens resistant to them would be produced in &
way analogous to the production of drug-resistant
human and animal bacterial pathogens in medicine.
There are as yet, however, only very fcw records in
the literature, of the appearance of such resistant
strains in the field. One such record was that of

Taylor (1953), who reported that spores of Physalospora

obtusa which were collected from orchards which had
been sprayed continually with BDordeaux mixture were
less affected by this fungicide in their germination,

than were spores collected from unsprayed orchards.,
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This might be an example of selection, through spores,
of strains of the pathogen which were resistant to
copper. Littauer and sutter (1953) also reported

that the control of Diplodis natalensis on oranges

was adversely affected by resistance of the fungus to
diphenyl. Horsfall (1956) had suggested that the
apparent reduction in the effectiveness of Bordeaux
mixture, after some sixty years of use against

Phytophthora infestans on potato along the Atlantic

seaboard of America might mean the existence of strains
of the pathogen which were resistant to copper, and he
considered it almost certain that resistance to fungi-
cides would be a serious problem for the agriculture

of the future. Since his writing, one instance at
least of such resistance had been reported, and which
is of considerable economic importance; diphenyl-

resistant strains of Penicillium digitatum, first ob-

served in the laboratory (Farkas and Aman, 1940), were
found later to be guite common in lemon groves and
packing houses, in Southern California, and such resis-
tant strains werc considered to have been responsible
for the failure of diphenyl to control decay in ship-
ments from certain lemon packing houses, in which up

to ninety per cent of the Penicillium spore population
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might be diphenyl-resistant (Harding, 1962). Way
and Keyworth (1959) stated that advisory officers and

growers found that the control of Botrytis cinerea

on lettuce, given by dusting seedlings, before plant-
ing, with pentachloronitrobenzene (PCNB) and 2:3:5:6-
tetrachloronitrobenzene (TCNB) was inconsistent and

inadequate. This could mean that under field condi-

tions, Botrytis cinerea had acquired resistance to

these fungicides. More recently, Ogawa and Mathre

(1963), reported that isolations of Rhizopus SpD.

from decaying stone fruits which had been treated with
2:6 dichloro-L4-nitroaniline (DCNA) showed high per-

centages of Rhizopus arrhizus, a strain which was

resistant to DCNA, whereas isolations from untreated
decaying fruits showed high percentages of Rhizopus

stolonifer, a strain which was not resistant to treat-

ment with DCNA,

In certain industrial processes involving the
exposure of copper sulphate solutions, fungi have
been found which were resistant to this compound
(Starkey and Waeksman, 1943); in such cases, however,
the conditions for obtaining resistant strains of fungi
were very different from those in the field; any

process of adaptation here was possibly similar to
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that in the laboratory, of which there have been a
number of studies,'the earliest of which was perhaps
that of Pulst (1902), cited by Starkey and Waksman
(1943). Stakman et al. (1946), investigating the adap-

tation of monosporidial lines of Ustilago zeae to

arsenic, were able to increase the tolerance of the
fungus to sodium arsenite from 2400 to 7000 p.p.m,

in 10 transfers, the ability to grow on arsenic media
of the same concentration increasing with successive
transfcecrs; the resistant strains rapidly reverted

to the non-resistant form after only four transfers

on arsenic-free media. Wilson (1947), obtained simi-

lar results when he grew Sclerotium rolfsii and

S. delphinii on arsenic media. Hirt (1949), 'trained'

Poria xanthe to tolerate copper in increasing concen-

trations with each successive transfer. Mader and
Schroider(1948) increased the concentration of arsenic

which Sclerotinia fructicola would tolerate from 7000

to 10,000 p.p.m. after eighteen weeks at 5000 p.p.m,;

Hirschhorn and Munnecke (1950) 'trained' Ustilago zeae

on media containing copper; Gattani (1951) trained

Alternaria spp. to the fungicides 'AGROSAN G.N.2!

containing organic mercury and 'ARASAN' containing

thiram, and concluded that the process of adaptation
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here could become important in the field; Parry and
Wood (1959) obtained, by 'training' methods, strains

of Botrytis cinerea resistant to a wide variety of

complex organic fungicides. Leben et al., (1955)

obtained a variant of Venturia inaegualis which grew

on media containing 5000 times the concentration of
antimycin A which was necessary to inhibit growth of
the wild type; Brian (1960) obtained a variant of

Botrytis allii which was tolerant to griseofulvin on

liguid media. The accunulated evidence of these wor-
kers showed that most of the resistant strains obtained
by 'training' methods rapidly reverted to the non-
resistant wild form, when they were grown in the ab-
sence of fungicildes; exceptions were the results of

Mader and Schrelder (1948) who showed that only some of

the strains of Sclerotinia fructicola which were
'trained' to tolerate high concentrations of arsenic
had lost their increased resistance after forty-two
weeks in media which contained no fungicides, and those
of Parry and Wood (1959) who obtained strains of

Botrytis cinerea resistant to ferbam (ferric dimethyl-

dithio-carbamate) and captan (N-trichloro-methyl-
mercapto-l~cyclohexene-1l, 2-dicarboximide), but which

did not revert to the parent susceptibility after they
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had been grown in the absence of fungicides. They
suggested that more than one mechanism was operative

in the 'training' of Botrytis cinerea to these fungi-

cides.

More detailed information on adaptation,
under laboratory conditions, is available for the
chlorinated nitrobenzenes, particularly pentachloro-
nitrobenzene (PCNB), the three isomers of tetrachloro-
nitrobenzene (TCNB), and for 2:6-dichloro-4-nitroaniline
(DCNA), because a number of fungi readily produce re-
sistant variants in the presence of these substances.
Such variants which appeared spontaneously as fan-
shaped, rapidly-growing, saltants, at the edges of
colonies, were almost always non-sporulating and have
been described by Roy (1947), Reavill (1950), McKee
(1951), Fushtey (1953), Hewlett (1955), Brook (1952),
Brook and Chesters (1957), Parry (1957), Higgons (1962),
Sharples (1962), Pricst (1960), Georgopoulos (1963b),
and Ogawa et _al. (1963). ©Each of these workers found
that variants which were resistant to PCNB, TCNB isomer
or DONA, retained their resistanccover long periods,
even when repeatedly subculturcd in the absence of
fungicides.

The results of experiments with resistant
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strains provided evidence for a common adaptive mechan-
ism as well as for a more specific one; Parry (1957)

showed that resistance of otrytis 211ii to PCNB or

TCNB isomer conferred resistance to the other substances;
Priest (1960) confirmed these results and showed further
that resistance to 2:3:5:6 TCNB also conferred resis-
tance to DCNA. Georgopoulos (1963b)reported that 12

mutant strains of Hyphomyces solani f. cucurbitae

which were resistant to PCNB and 2:3:5:6 TCNB were
also resistant to seven more chlorinated nitrobenzenes
and to DCNA. Brook and Chesters (1957), however,

showed that variant strains of Fusarium caeruleum

which were resistant to 2:3:5:6 TCNB were sensitive
to the other two isomers, although less so than the
parent strain; Hewlett (1955) had already obtained
a similar result when she showed that the suscepti-
bility of coch of the fungi she used to PCNB differed
from their susceptibility to 2:3:5:6 TCNB. \
Most of the workers quoted above have made
suggestions about the genetical mechanism of adap-
tation to fungicides, and about the mutagenic properties
of fungicides. In most of the studies, the pathogen
was 'trained' to successively increasing concentrations
of the toxicants. It seemed likely therefore that

the resistant lines obtained were the result of multistep
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mutations, assuming the modus operandi to have been

genetic in the Mendelian sense. Hewlett (1955),
however, using monosporidial ascospore cultures, showed
that the resistant types were not selected from pre-
existing resistant types or from types arising from
nuclear rearrangement in an initially hetcrokaryotic
mycelium. Leben et al. (1955) demonstrated that in

the lines of Venturia inaequalis which they obtained

as resistant to antimycin A, the character for resis-
tance was inherited in a Mendelian fashion and that

it was produced by a first-step mutation, Georgopoulos
(1963b)also confirmed that the development of resistance

to chlorinated nitrobenzenes a2nd to DCNA in Hyphomyces

solani f, cucurbitae originated from materials which

carried no genes for resistance, that it was definitely
of the obligatory one-step pattern, and that no steps
for further increase in resistance of this fungus to
the fungicides were known; he further demonstrated
in a series of studies that tolerance could result
from mutation at any one of three independently assort-
ing loci with two alleles each, and that genes for
tolerance wcre not cumulative in their effects.

Reports on the pathogenicity of resistant
strains showed that tolerant strains could be as

pathogenic, more pathogenic or considerably less
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pathogenic than, the non-tolerant parcnt strain, or
they could be non-pathogenic. Hirschhorn and
Munnecke (1950) showed that of the two monosporidial

lines of Ustilago zeae they obtained as resistant to

9000 p.p.m. arsenic, one remained pathogenic; the
other did not, but regained pathogenicity after growing
in the absence of fungicide. Hirschhorn (1951) rec-
ogniz.d thro. «roup: of variants in monosporidial lines

of Ustilago zeae resistant to arsenic; the first

group lost their pathogenicity to maize temporarily
but regained it after growing for not less than six-
teen generations in the absence of fungicide; the
second group retained its pathogenicity, albeit dimi-
nished, even when taken directly from arsenic medis;
the third group maintained full pathogenicity even
after growing for four to eight generations on arsenic
media. Hirschhorn (1953) again showed that patho-
genicity of formaldehyde-vapour resistant strains of
monosporidial lines of U. zeae was unimpaired. Leben
et al. (1955) reported the complete loss of pathogenicity

in variant strains of Venturia inaequalis resistant

to antimycin A and in all progeny carrying the variant
genes., Priest and Wood (1961) show that chlorinated

nitrobenzene tolcrant strains of Botrytis allii were
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as pathogenic as the non-tolerant strain. Shatla and
Sinclair (1962) reported a very close correlation bet-
ween pathogenicity and tolerance to PCNB in naturally

occurring isolates of Rhizoctonia solani; +tolerant

strains were pathogenic, susceptible strains were

not. Ogawa et _al.(1963), working with Gilbertella

persicaria reported that resistances to DCNA only slightly

diminished pathogenicity; Georgopoulos (19632)demon~

strated that strains of Hyphomyces solani f., cucurbitae

resistant to chlorinated nitrobenzenes could be as
virulent, or considerably less virulent than, thcir

wild type parents, to Cucurbita pepo seedlings and

C. maxima fruits, and that mutation at the same locus
for chlorinated nitrobenzene toleranoe may give both
highly and weakly pathogenic strains. He further
established that there was a linkage relationship
between a gene (or genes) responsible, in part at
least, for reduction in virulence and a chlorinated
nitrobenzene tolerant gene. McKee (1951) suggested

that mutants of Fusarium caeruleum which were resistant

to 2:3:5:6-TCNB may be important in the practical con-

trol of potato rot caused by F. caeruleum; Gattani

(1951) concluded from his experiments on the 'training'

gy gy

of 'AGROSAN G.N.2.' and 'Arasan' that the development
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of tolerant strains could become important in the field.
Parry (1957) also stated that fungicide-stable muta-
tions constituted an important threat in the field,

but that the rapid 'training' of Botrytis cinerea to

the truc fungicides was unlikely to be important in
the field.

2. Fungicides

PCNB, developed and introduced by I. G.
Farbenindustric in the late 1930's, was originally
marketed undor trad. names like 'Tritisan', a 15 per
cent dust for the seed treatment of wheat against bunt,
'"Brassicol', a 20 per cent dust for use as a soil
fungicide, 'Folosan', 'Botrilex' and 'Tilcarex’.

2:3:5:6~TCNB was introduced by Bayer
Agricultural Ltd., as a selective fungicide effective

for the control of dry rot, Fusarium caeruleum, of

potato tubers; it was marketed as 'Fusarex', a 3

per cent dust, and 'Folosan DB 905', a 5 per cent dust.
DCNA, recently introduced by Boots Pure Drug

Co., Ltd., was claimed in a Boots Advisory Leaflet

to be effective against Botrytis spp., particularly

Botrytis cinerea on lettuce. It was morketed as

'Allisan',

A1l three fungicides have extremely low
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solubility in water (Eckert, 1962); their use as
fungicides is based partly on their volatility, DCNA
being the least volatile. It has been claimed that
practical field trials have shown DCNA to be very active
and persistent, thus suggesting that vapour action was
probably not of significance in the case of this com-
pound (Higgons,1962). None of these fungicides hns
found a very wide application in agriculture or horti-
culture, but they are of considerable academic interest
because of their fungistatic action, their specificity,
and possibly mutagenic properties. However, PCNB

has been used successfully to control Botrytis cinerea

on lettuce (Brown and Smieton, 1940; Last, 1952),

Rhizoctonia solani (Gibson, Ledger and Bochm, 1961;

Livingston, Oshima and Morrill, 1962; Georgopoulos

and Wilheim, 1962), Sclerotium rolfsii (Georgopoulos

and Thanasoulopoulos, 1960), Plasmodiophora brassicae

on cabbage and cauliflower (Brown and Smieton, 1940).
TCNB has been used to control Botrytis diseases and
Rhizoctonia attack of lettuce (Last, 1952; Brook

and Chestcr, 1958),
DCNA has been used to control Botrytis
disease of lettuce, cyclamen, ~nd anemone (Higgons, 1962 ;

Criiger, 1962), Rhizopus rot of sweet cherries
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(Ogawa, Lyda ~nd Weber, 1963), Ehizopus rot of peaches
(0gawa, Mathre, Weber and Lyda, 1963; Ogaws and
Methre, 1963; Weber and Jgawa, 1963; Cappellini and
Stretch, 1962) and Cladosporium fulvum (Higgons, 1962 ).
Comparatively little is "2own about the ac-
tion of the chlorinnted nitro” enzenes. The aveiloble
information suggcsts that their fungistatic action is
due to nuclear poisoning and inhibition of :mitosis,
this suggestion being supportced by the preliminary
chromatographic studies of Hewlett (1955), who found
ribc~2in extracts of Botrytis cinerea treated with
TCNB, 2and by the discovery by Care— and McDonough
(1943) that in onion, spindle formation was inhibited
by para-dichloro-nitro™:nzene, a compound related to
PCNB and TCNB.
More information is available on the action
of DCNA. This compound, like PCNB and TCNB, when used
in the vapour phase and in the standard slide germina-
tion test, has no activity against germination of spores

of Rotrytis cinerea, although it retards growth of
- iy prieoliby. Al &

germ tubes and mycelium (Sharples, 1962). This dif-
ferential actiivity against spore germination on the
one hand, aond hyphal growth of the same pathogen, on
the other hand, may be expleined partly bv the sugges-—

tion of Horsrall (1956), that spore germination, unlike
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hyphal growth, is independent of mitosis.
When it 1s impregnated in an agar medium,
however, DCNA is very active, Low concentrations,

1 p.p.m. for Botrytis cinerea (Sharples, 1962) and

0.1 p.p.m. for Rhizopus arrhizus (Weber, 1963) of

DCNA prevented germination of spores and caused
swelling and bursting of germ tubes. Sharples (1962),
found that at low dosages (1 p.p.m.), DCNA increased

the nucleic acid level of Botrytis cinerea mycelium.

A similar result was obtained by Weber and Ogawa
(1963), who found that addition of 1 p.p.m. DCNA
decreased the protein content of sensitive strains

of Rhizopus arrhizus; its ribonucleic acid (RNA) con-

tent also increased slightly but the de-oxyribonucleic
asid (DNA) content remained similar to that of the
untreated control, Addition of 1 p.p.m. DCNA to
tolerant strain of the same fungus brought 2bout no
change in the level of protein, DNA or RNA contents
by comparison with the untrented control.

Also DCNA had no effect on the respiration
14

of the spores. The incorporation of leucine-C into

protein of sensitive strain of R. arrhizus was dec-

14

reased by 36 per cent by 2 p.p.m. DCNA; glucose C



2L

metabolism, however, was only slightly affected by

the presence of 2 p.p.m. DCNA. They concluded from
these results that DCNA had little or no effect on
respiration of spores and suggested that it interfered
with an anabolic process such os protein synthesis
rather than blocking oxidative processes. Sharples
(1962) also suggested thot DCNA is o structurally
non-specific toxicant, exerting its influence by dis-
organising cell growth nond division. Torgeson (1963)
has also reported that PCNB did not reduce oxygen

uptake of Fusarium oxysporum f. cubense,Sclerotium

rolfsii, or Phytophthora parasitica; this suggests

a similarity in the mode of action of DCNA and the

chlorinated nitrobenzenes.
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IV _MATERIALS AND METHODS

1.0 Fungicides

The following three fungicides were used:
(i) pentachloronitrobenzene (PCNB) supplied by Bayer
Products Ltd.,

(ii) 2:3:5:6~tetrachloronitrobenzene (TCNB) supplied
by Boots Pure Drug Co., Ltd., and

(iii) 2:6-dichloro-L-nitroaniline (DCNA) supplied by
Boots Pure Drug Co., Ltd.

These three chemicals are practically in-
soluble in water. They are, however, volatile and
rradily soluble in acetone and some other organic sol-
vents. Because of these properties, it has been pos-
sible to use them in these studies in the (a) vapour
phase and (b) agar-imprenation phase. The technique
employed is as follows:

1.1 Vapour phase:

1.0 ml, samples of acetone solutions of known
concentrations of the fungicides were allowed to eva-
porate under sterile conditions on the inside of the
lids of 9.0 cm, petri dishes, which had been pre-cooled
at 10°C. for 24 hours. Such a precooling before adding
acetone produced a very even £ilm of the fungicide on
the petri dish 1lid. After evaporation of the acetone,

the lide i2e replaced on the petri dish bottoms and
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stored at room temperature for 24 hours to ensurc com-—
plete evaporation of the z:cetone before they were used.

1.2 Agar-impregnation phase

0.5 ml, of Triton-X-100, a non-toxic wetting
agent, was dissolved in 100,0 ml, ANALAR acetone,
0.30 gme of the fungicide was dissolved in 20.0 ml. of
the acetone-triton-X-100 mixture, and the solution
obtained was added to 150,0 ml. distilled water in a
500 ml, beaker, and stirred with a glass rod. A fine
suspension of the fungicide in water was obtained. To
get rid of the acetone, the suspension was centrifuged
at 10,000 r.p.m. at 10°C, for 10 minutes, and was washed
three times by further centrifuging with distilled
water, It was then re-suspended in 25,0 ml, distilled
water to which triton-X-100 had been added at a con-
centration of 0,05%, The concentration of this final
suspension was then obtained by determining the weights
of fungicide in 0,5 ml, samples of the suspension dried
in aluminium foil cups for 18 hours at 20°C. This
period of time was found to be enough for completely
drying the samples. The weights were, however, re-
determined after a further 6 hours; weights obtained
after 24 hours drying have always been almost identical

with those obtained e’ter 18 hours drying. The mean
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of the weights of five replicates was then taken as
the amount of fungicide present in the 0.5 ml, samples.
The weights of replicates were always almost identical.
Agar media containing desired concentrations
of the fungicide were then prepared by adding a cal-
culated volume of the fungicide suspension to agar
medium before autoclaving. When concentrations greater
than 250 p.p.m. of the fungicide were desired, the
suspension was added to agar medium Jjust before pour-
ing, to prevent coagulation of fungicide by heating.

2.0 Culture media. vessels and glasswares

All chemicals used, unless otherwise stated,
were of the ANALAR grade. mxperimental and stock
cultures were grown on glucose-cagdn-hydrolysate agar
media with or without fungicides. In some experiments,
V-8 Jjuice-, potato-dextrose -, potato extract -, corn-
meal -, oatmeal -, glucose peptone -, Czapek-Dox-,
malt -, starch -, and plain -, agar media were also used.
All the agar media were first steamed in a steam bath
for U5 minutes, and then sterilized by autoclaving
for 20 minutes at 15 p.s.i. pressure. Ligquid medisa,
when used, were prepared in the same way as so0lid media,

except that ager was not added to them,
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When sterile water was used, distilled water
was sterilized in the same way as the culture media,
When the fungus was grown in the presence of the vapour
of any of the fungicides, 1.0 ml.of a 1,0% acetone
solution of the desired fungicide (10mg.) was eva-
porated on the inside of the 1id of a petri dish in
the way described in section 1.1. This quantity of

fungicide was used because exposure of Botrytis cinerea

to its vapour gave well-defined resistant sectors in
all cases. When it was desired to impregnate the
fungicide in agar medium, an amount of the fungicide
suspension calculated to give the desired concentration
was added to agar medium to give a total volume of
20,0 ml.; it was then autoclaved and poured into a
petri dish.

Stock cultures were maintained under sterile
paraffin oill and kept at laboratory temperature.

Culture media:

Glucose-casein-hydrolysate Potato dextrose agar

agar
(Glucose 1.0% Potato 200g,
Casein hydroly- ' Dev"ror-e 20g,
sate 0.L% Agar 20g
KHoPO), 0.1% Water to 1000mi.
M50l 7THoO 0.05%

Agar 2.0%

Water
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Potato extract agar Corn-meal agar
Potato 200g. Grourdmaize 258
Agar 20g. iLgar 20g.
Water to 1000ml. Water to 1000ml.
Qat-meal agar Malt agar
Fine oatmeal Log. Malt extract 15g.
Agar 20g. Agar 20g.
Water to 1000ml, Water to 1000ml.
Starch agar Plain Agar
"Marmite! 5.02. Agar 15g.
Soluble starch 40.0g, Water to 1000ml.
Agar 20,0g,
Water to 1000,0ml. Czapek-Dox agar
Sucrose 3.0%
Glucose peptone agar NaN03 0. 3%
Glucose 1.0% KoHPO), 0.1%
Peptone 0.5% MgS0Y. THoO 0.05%
KH2PO), 0.1% KC1 0. 05%
MgS80y,. THo0 0.05% FeS0),. TH,0 0.001%
Agar 1.5% Agar 1.5%

Water Water

V-8 juice agar
V-8 vegetable juice (obtained from Campbell's Soups Ltd.)

100,0ml,
Agar 12.0g.
Water 500,0m1l,

In those media in which potato was used, the
desired weight of potato was scrubbed, boiled for one
It

hour, and strained through muslin by wringing.

was not filtered.

3.0 The Fungus,

A sporulating strain of Botrytis cinerea,

freshly isolated from lettuce, was used as the test

fungus. The bacteria-free isolate was purified by
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re-isolation from single spores, This isclate was
described as the parent strain (Pa)., When resistant
strains were obtained, they were named according to
their mode of origin; thus, a strain which was re-
sistant to impregnated DCNA was called 'DCNA-impreg-
nated-resistant' strain, or 'D-imp-r' strain, and one
which was resistant to the vapour of TCNB was called

' strain.

'T"CNB-vapour-resistant' strain, or 'T-vap-r
When a heterokaryon was formed between the parent

and another strain of the fungus, the hetecrokaryon
was given a name compounded from those of the parent
and the resistant strain, the parent part of the name
coming first. Thus Pa(P-imp-r) would be the name
for a heterokaryon formed between the parent strain
and one resistant tc PCNB, originating after growth

when it was on an impregnated agar medium,

L.,0 Inoculation and incvbation

The inocula consisted either of non-sporulat-
ing mycelial discs, or of spores, of the desired strain.
Cultures on agar media and ligquid media were incubated
at 21°¢C.. Stock cultures were grown on agar slopes
for two days, and then maintained under sterile mineral
0oil at room temperature. In those cxperiments in which

the number of colonies arising from spore inocula of
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known concentrations were to be counted later, the
cultures were incubated at 21°C. for the first 36 brs.
after inoculation; they were then transferred to a
10°C. constant temperature room, This procedure
allowed for spore germination and colony formation,
but prevented too-rapid growth of the colonies formed;
the colonies did not coalesce, and recognition of
individual colonies was facilitated. Petri dish
cultures growing in the presence of the vapours of

the fungiocides were kept in separate sets of tins.

L.l Agar disc inocula

When agar discs were used as inocula, they
were cut with a 0.5cm., internal diameter cork-borer
from the edge of a two-day old colony grown at 21°C.
The discs were then inoculated in the centre of the
petri dish with their mycelial surface on the agar,

L,2 Spore inocula

The spore-bearing mass was carefully removed
with a sterile needle from the surface of a sporing
colony without touching the agar beneath it; it
was then put in 5.0 ml. sterile distilled water in a
McCartney tube and shaken vigorously. The suspension
formed was then passed through a double layer of sterile

muslin into another sterilized McCartney tube, and its
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density adjusted to the desired concentration.
This procedure made washing with water by centrifug-
ing unnecessary and therefore avoided the contamina-
tion which almost always accompanied such a process.
The spore suspension obtained was free of contaminants
so that it was not necessary to use any agent which
killed or prevented the growth of bacteria.
When it was desired to make single spore

inoculations, 0.lml, spore suspension of density

. 2000 spores per ml. was spread evenly, with a glass
rod, and under sterile conditions, on the surface of
a thin layer of plain agar in a petri dish, and kept
at 21%. After about one hour, when the film of
spore suspension would have dried on the surface of
the agar, the positions of single spores were marked
with a dummy eye-piece, which had been steriliz.d
by flaming with alcohol. The spores were then picked
up with a small sterile needle and placed on the sur-
face of an agar medium, By spreading a little volume
of the very dilute spore suspension on plain agar,
and marking the positions of single spores with
sterilized dummy eye-piece, before placing the spores
on the surface of nutrient agar, contamination was
avoided to a very great extent, although the plain

agar plate was exposed *to contamination from the air
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during the periods . 1en the positions of the spores
were marked and when they were transferred to the
surface of nutrient agar.

When it was desired to make mass-spore ino-
culations, 0.05ml. spore suspension of density 1000~
2000 spores per ml, prepared in the way already des-
cribed (this contained 50-100 spores per inoculum)
was pipetted on to the surface of the nutrient agar
medium and, under sterilc conditions, spread very
evenly over it with a sterile bent glass rod.

5.0 Measurement of linear growth on agar plates

Growth of the fungus along two diameters
at right angles to each other was taken and the mean
of the two measurements was recorded for each rep-
licate, The mean of the means of measurements for
ten replicates was recorded as the growth of the
fungus on the particular medium.

6.0 Counting of coleonies on agar plates

When spore inocula were used, the number of
colonies which had developed after three days was
recorded for each plate, and the mean of the num-
bers recorded for ten re¢plicates was taken as the
number of colonies which had developed for that par-

ticular treatment.
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7.0 Spore germination

Spores were always obtained from 7-1L days
old cultures. The spore mass was carefully removed
with a sterilized needle, shaken vigorously with sterile
distilled water to which a little Tween 80, a non-
toxlc wetting agent, had been added, centrifuged and
washed three times with sterile distilled water, The
spore mass was then re-suspended in sterile distilled
water, to give a final concentration of about 50,000
spores per ml. Details of any modification of the
technique connected with spore germination experiments
are given in the appropriate sections of the text.

It was taken that a spore had germinatcecd when the
length of its germ tube was egual to, or greater than,

that of half its short axis.



35

V_EXPERIMENTAT, WORK AND RESULTS

1.0 The fungicides: TCNB, TCNB and DCNA

The properties of the fungicides and the
technique which was employed to use them in the vapour
phase had been described under 'materials and methods'.
Some workers, Higgons (1962), and Sharples (1962)
impregnated them in agar media by vigorously shaking
0.5 ml. of acetone solutions of known concentrations
of the fungicides with 20,0 ml, of nutrient agar Jjust
before pouring plates. Eckert (1962) used ether
instead of acetone as the solvent. The same technique
has been used in this work in the early part in those
experiments in which the test fungus was grown on im-
pregnated agar. It had the drawback, however, in
that it was not possible to separate completely the
effect, on the fungus, of :cetone alone from that of
the fungicide. The activity of the fungicide could
not be properly determined just by deduckiing the re-
sult obtained for treatment with acetone alone in
the control experiments, from that obtained for treat-
ment with the acetone solution of the fungicide, be-
cause the latter result may be due to the interaction
of the separate effects, on the fungus, of the acetcne

and the fungicide, and the effect on the activity of



36

the fungicide, of its solubility in the available
amount of acetone, To get over this difficulty, it
was necessary to modif'y the technique; the modifi-
cation employed has been described in section 1.2
under "material and methods".

2.0 Effect of PCNB, TCNB and DCNA on linear growth

of Botrytis cinerea

The effect of PCNB and TCNB on linear growth

of Brtrytis spp. l.ouvo Teln rooooiicatyd by Moot

(1955), Foury (1957), Iricust (1000) nnd that of DCNA

by Priest (1960), Higgons (1962) and Sharples (1962).
Their results showed that when colonies of Botrytis
Spp. were grown in the presence of the vapours of

these fungicides, there was at first very little growth
or no growth at all. Later, two types of adaptation
occurred. In the one type, rapid-growing variants,
'resistant saltants', with normal hyphal morphology
similar to that of the untreated parent, were produced
as sectors from the parent colony (Plate 1). In

the other type, colonies with distorted hyphal forms
were produced which were similar to those produced

by the parent strain on exposure to the vapour of fungi-

cide, but with a slightly higher growth rate (Plate 2).
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Higgons (1962), Eckert (1962) have also

shown that when Botrytis spp. were grown on agar im-

pregnated with these chemicals, the same types of
adaptation occurred. The présent study is concerned
mainly with the first type of adaptation, in which
'resistant saltants' are produced. In order then

to investigate the nature of this type of adaptation
to the fungicides; it was necessary ito obtain re-
sistant variants both in the vapour and in the agar-

impregnated phases, The production of these variant

strains of Botrylis cinerea therefore introduces the

experimental section of this work. In those experi-
ments in which the fungus was exposed to the vapours
of the fungicides, 10mg. samples (1.0ml, of 1.0%
acetone solution) of the fungicides were used for

each replicate. This was found to be a suitable con-
centration in the presence of whichAclearly defined
resistant sectors were formed in all cases, 0f the
three isomers of TCNB, only the 2:3:5:6 isomer has
been used in this work; 1t is the isomer which has
been of practical use in the formulation of fungicides

(Criiger, 1962).
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2.1 Linear growth of Botrytis cincrea in the presence

f the vapour of PCNB, TCYB and DCNA

-

O.5cm, "“iametcr myceclial discs taken from

the cdges of 2-days old colonies of Botrytis cinerea
were inoculated with £heir mycelial faces downwards,
on agar plates exposed or unexposed (control) to the
vapours of PCNB, TCN2B and DCNA. There were 10 rep-
licates for each treatment, The results obtained

are shown in Table 1.



Table 1.

Linear growth of Botrytis cinerea in the presence of the vapour of PCHNB, TCNB and DCNA

Time after

Mean increase in colony diameter (cm.)

Percentage inhibition of growth

inoculation Treatment
(hr.) Control  PCNB TCNB DCNA PCNB TCNB DCNA
oy |  0.83 0.12 0.00 0.25 85.5 E 100.0 69.9
48 i 1.83 0.22 0.06 0.31 85.0 | 96.7 83.1
72 . 3.08 0.36 0.18 0.49 88.3 | 941 | 8L
9% I unn 0.46 0.20 i  0.70M 90.2 | 95.7 | 85.1
120§  6.95 0.5l 0.25 | 1.1y 92.2 . 96.6 83.7
14l 8.00 1.41 0. Ll 1. 74 82.4 | 9.5 77.0
192 C 1.95 0,60 2.36 ~ ! - -
2140 - 3.4 1.64 3.83 - 5 ~ -
336 - L.51 2.71 L.51 - - -
384 ~ 5.38 3.35 | 5.u6 - - -
480 - 5.98 463 | 7.80 - - -
504 - 8.00 5.52 c - - -
528 ! - C 6.08 - - ! - B -

M =
CcC =

appearance of resistant saltant.

plate was covered by mycelia.

h
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These results showed that the three chemicals were fungi-
static, rather than fungicidal; they also showed that
in the vapour phase, TCNB exerted a greater fungistatic

effect on the linear growth rate of Botrytis cinerea

than did equal amounts by weight of PCNB or DCNA.
The results were similar to those obtained

by Priest (Priest, 1960) working with Botrytis allii.

Resistant saltants were obtained, which, in all cases,
were similar in hyphal morphology to the parent grow-
ing in the absence of the vapour of fungicides. The
second type of hyphal variants was also obtained in
some of the plates.

Sporulation of both the parent strain and
resistant saltants was completely suppressed in plates
exposed to the vapours of PCNB and TCNB. In contrast,
profuse sporulation was observed in the control plates
after 72 hours and in plates exposed to the vapour of
DCNA after 120 hours. (Plate 3).

2.2 Linear growth of parent strain and vapour-resis-—

tant saltants of Botrytis cinerea in the absence of

fungicides

Resistant saltants obtained from plates
which had been exposed to the vapours of PCNB, TCNB
and DCNA and cultures of the parent strain which had

been grown in the absence of fungicides were subcultured






uh

on agar plates which were not exposed to any vapour
of fungicide. After 2 days' growth, 0.5 cm. diameter
mycelial discs were taken from the cdges of the colonies
and inoculated in 10 replicates on agar plates and
allowed to grow in the abscnce of fungicides. The
results obtained are recorded in Table 2.

Tablec 2

Linear growth of parent, P(vep-r), T(vap-r) and D{(vap-r) strains

of Botrytis cinerea in the absence of fungicides

Time Mean increase in colony Percentage growth com=-
after diameter (cm.) pared with parent.
inocula- Strain

tion

(hi) Parent P(vap-r)T(vap-r)D(vap-1 P (vap-r) T (vap-r) D (vap-r)

!
2L 1.30 0.98 0.82 1.00 75.4 63.1 76.9
L8 2.60 1.65 1.48 1.73 63.4 57.0 66.5
72 L.u8 2.84 2.74 3,10 63.4 61.2 69.2
96 6.60 4. 38 4.18 b.72 66.4 63.3 71.5

120 8. 00 5. 40 5.35 5.71 67.5 66.9 71.L
1l ¢ 7435 7.21 7.50 - - -
168 - 8,00 8.00 8.00 - - -
192 - C C C - - -

216 - - - - - - -

C = plate was covered by mycelia.
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The results showed that the linear growth rate of the
vapour-resistant saltants was similar, but less than
that of the parent strain when they were all grown
in the absence of fungicides. The parent strain re-
ached a diameter of 8.0cm. in 5 days whereas the re-
sistant forms took 7 days to attain the same diameter.
Sporulation was very poor in the P(vap-r) and T(vap-r)
strains, moderate in the D(vap-r) strain, but profuse
in the parent strain.

2.3 Linear growth of parent strain and vapour—-resis-

tant saltants of Botrytis cinerea in the prescnce of

the vapoir of I7NB, TCNB and DCNA

Parent strain and resistant sultants were
grown in the absence of fungicides for 2 days. 0.5cm.
diameter mycelial discs, taken from the edges of the
colonies, were then inoculated on agar plates exposed
to the vapours of PCNB, TCNB and DCNA and on plates
which were not exposed to vapour of fungicides (control).
There were 10 replicates for each treatment. The

results obtained are recorded in Tables 3, 4 and 5.
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Table 3

Linear growth of parent, P(vap-r), T(vap-r) and D(vap-r)

strains of Botrytis cinerea in the presence of vapour of PCNB

Time after Mean increase in colony diameter (cm.)
inoculation Strain
(hr.) Parent P(vap-r) T(vap~-r) D(vap-r)
24 0.20 0.96 0.90 1.03
48 0.27 1.70 1.50 1.85
72 0.34L 3.40 2.81 3.30
96 0. 65 L.36 4,12 4.90
120 0.76M 5.50 5.31 5.78
L4 1.18 7.70 7.48 7.80
168 1.4 8.00 7.70 C
192 1.68 C C C
216 2.04 - - -
240 3.24 - - -
336 L.,11 - - . -
480 5.65 - - . -

M
C = plate was covered by mycelia.

appearance of resistant saltant

1
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Table 4

Linear growth of parent, P(vap-r), T(vap-r) and D(vap-r)

strains of Botrytis cinerea in the presence of vapour of TCNB,

Time after Mean increase in colony diameter (cm.)
inoculation Strain
(hr.) Parent P(vap-r) T(vap-r) D(vap-r)
24 0,01 0.10 1.00 0.98
L8 0.03 0.25 1.80 1.75
72 0.15 0.46 2.82 2.97
96 0.20 0.50M 4.19 h.61
120 0.26 _ 0.85 5.20 5.43
iy 0.321 1.18 6.80 7.03
168 0,62 2.08 7.80 8.00
192 0.75 2.35 C c
216 0.91 L.03 - -
240 1.64 5.34 - -
336 2.75 6.39 ( - -
L80 5.81 7.87 - -
M = appenrance of resistant saltant
C = plate was covered by mycelia,
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Table 5

Linear growth of parent, P(vap-r), T(vap-r) and D(vap-r)

strains of Botrytis cinerea in the presence of vapour of DCNL

Time after Mean increase in colony diameter (cm.)
inoculation Strain
(hr.) Parent P(vap-r) T(vap~-r) D(vap-r)
2L 0,22 0.91 0.92 1.55
L8 0.33 1.79 1.49 3.25
72 0,61 3.00 2.54 b.51
96 0.67 h.27 3.85 7.00
120 0.88M 5.31 L.51 8.00
BRI} 1.04 7.20 6.55 C
168 1.58 7.90 7.78 -
192 2.13 C C -
216 3.70 - -
240 L.01 - -
336 h.73 - -
L80 7.67 - -

M

appearance of resistant saltant

Q
|

rlate was covered by mycelia,
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These results confirmed the resistance of the saltants
to those chemicals in the presence of the vapours of
which they originated from the parent strain, When
these results were compared with those recorded in
Table 2, the inference 1is that the PCNB-, and TCNB-
vapour-resistant strains, P(vap-r) and T(vap-r) grew
at the same rate in the presence as well as in the
absence of the vapours of fungicides to which they
were initially resistant. The DCNA-vapour resistant
strain D(vap-r), showed a slightly higher growth rate
in the presence than in the absence of vapour of DCNA.
Its growth in the absence of fungicide, however, was
equal to that of the other resistant strains under
the same conditions. In all cases, the growth rate,
in the presence of vapour of fungicide, of the re-
sistant strains, was many times higher than that of
the parent strain until the latter gave rise to re-
sistant sectors.

The T(vap-r) and D(vap-r) strains grew at
the same rate in the presence of the vapours of PCNB
and TCNB. The PCNB vapour resistant strain,
P(vap-r), grew equally well in the presence of the
vapours of PCNB and DCNA; its growth rate in the

presence of vapour of TCNB was, however, at first very
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small; later it gave rise to recsistant saltants.

In this way, its response to cxposure to vapour of
TCNB was very much like that of the parent strain,
although resistant sazltants appeared more quickly

in the P(vap-r) strain than they did in thc parent
strain,

There was complete suppression of sporu-
lation of all the strains in the presence of the
vapours of PCNB and TCNB; the parent and D(vap-r)
strains sporulated freely in the presencec of the
vapour of DCNA. |

2.4 Linecr growth of Botrytis cinerea on agar

medium impregnated with the fungicides PCNB, TCNB

and DCNA

Nutrient agar media containing 500 p.p.mn.
of either PCNB, TCNB, or DCNA were prepared by the
method described in section 1.2 under 'materials and
methods', No fungicide was added to the control
media, In the experiments first carried out with
fungicide-~impregnated agar, 0.5ml. of acetone solu-
tion containing the appropriatc concentration of
fungicide was addcd to 20 ml, nutrient agar medium
just before pouring plates; 0.5 ml. acetone alone

was used in the control media,. This method of
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preparing fungicide-impregnated agar media was not
satisfactory, for the reasons explained in section
1.0 under ‘'experimental work and results'. The

results of linear growth of Botrytis cinerea on media

i-pregnated with fungicide, but without acetone, are
given in Table 6. The concentration of fungicide,
500 p.p.m. has been chosen because the amount, 1Omg.,
of fungicide impregnated in 20 ml. agar to give this
concentration was equal to the amount of fungicide de-
posited on the 1lid of petri dish in those experiments
in which the fungus colony was exposed to the vapour
of fungicides. In this way, it was possible to com-
Pare the activity of an equal amount of the fungicide

both in the 'vapour' and 'impregnated' phases.
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Table 6

Linear growth of Botrytis cinerea on agar impregnated with
fungicides PCNB, TCNB and DCNA at the concentration of 500ppm.

Time after Mean increase in colony diameter (cm. )
inoculation Treatment
(hre Control LB TCNB___. DCNA
24 1.25 0.00 0.00 0,00
L8 2.58 0.00 0.00 0.00
72 L4.00 0.00 0.00 0.00
96 6.21 0.20 0. 00 0.00
120 7.80 0. 30 0.00 0.00
14l C 0.41 0.00 0.00
168 - 1.23M 0.00 0.00
192 - 2.14 0.00 0. 00
216 - 3,02 0,00 0.00
240 - 3.60 0. 20 0.00
360 - 6.35 2,03M 0.00
480 - C 3.00 0.15
600 - - 5.60 1.78M
720 - - C 3.21
960 - - - 6.31
M = appearance of resistant saltants

Q
]

plate was covered by mycelia.
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The response of Botrytis cinerea to the 'impregnated!

fungicides was similar in general pattern to its res-
ponse vhen it was exposed to their vapours. There was
at first little or no growth; later, resistant saltants
developed. There were very clear-cut lag periods vary-
ing from 3 days in the PCNB treatments to 2 days in

the TCNB treatments and over 15 days in the DCNA treat-
ments, when the fungus was grown on agar impregnated
with fungicides. All the fungicides appeared to be
more active in the 'impregnated' than in the vapour
phase, DCNA appeared to be the most active of the
three fungicides. This is in contrast to results ob-
tained with the vapour treatments in which DCNA did

not appear to be more active than PCNB and was definitely
less active than TCNB. Apart from the extensive lag
period, there was one other significant different bet-
ween the 'vapour'- and 'impregnated'- phase treatments
with the same fungicides: fewer resistant salt.nts

were formed on impregnated agar than on agar exposed

to vapour of fungicide. Whereas about 30% to LO%

of plates exposed to vapour of each of the fungicides
developed resistant sectors, only about 5% of the DCNA
treatments, 9% oi’ the TCNB treatments and 18% of the
PCNB treatments develrned resistant srltants when

colonies were grown on impregnated agar. Again,



54

about 2 or 3 resistant sectors developed on plates ex-
posed to vapours of fungicides; generally only one
such sector was observed in colonies growing on agar
impregnated with fungicides.

2.5 Linear growth of parent strain and fungicide-

impregnated resistant saltants of Botrytis cinerea in

the absence of fungicidens

Te parent stirain and impregnated resistant
saltants were growvn in the absence of fungicides for
2 days, Mycelial disc inoewrla were then removed from
the edpres of the celornies and grown on agar in the ab-
sence of fungicides. T1c results obtained are recorded
in Teble 7"c

Table 7

Linear_growth of parent strain and fungicide-impregnated

resistant saltants of Botrytis cinerea in the absence of

fungicides
Time after Mean increace in colony diameter (cm. )
inoculation Strain
(hr,) Parent P(imp-r) T(imp-r) D(imp-r)
2L 1.50 1.30 1.25 1.19
72 L.68 3.25 3.27 3.58
120 8.00 6.28 5.95 6.67
1ul c C c c

C = nmplate was covered by mycelila
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These results showed that the resistant strains grew
at about the same rate in the absence of fungicides,
but this rate of growth was a little less than that

of the parent under the some conditions. In this
respect, the impregnated-resistant strains were similar
to the vépour—resistant strains,

2.6 Linear growth of parent strain and fungicide-

impregnated resistant saltants of Botrytis cinerea on

sgar impregnated with PCNB, TCNB and DCNA

Mycelial disc inocula of the parent strain
and impregnated resistant saltants were grown on agar
impregnated with PCNB, TCNB or DCNA at a concentration
of 500 p.p.m. The results obtained are recorded in

Tables 8, 9 and 10.
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Table 8

 — re—

Linear growth of parent strain and impregnated resistant
saltantsof
Botrytis cinerea on agar impregnated with 500ppmPCNB

Time after Mean increase in colony diameter (cm.)
inoculation Strain
(hr.) Parent P(imp-r) T( imp-r) D(imp-r)
2l 0.00 1.25 1.25 1.20
L8 0.00 2.41 2.22 2.43
72 0,00 3.30 3.11 3.47
96 0.18 L. 65 Lh.L43 L.89
120 0.27 6.01 5.82 6.12
1hh 0.39 7.53 7.00 7.64
168 0.561 C C C
C = plate was covered with mycelium

I\’I

appearance of resistant saltant.
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Table 9

Linear growth of parent strain and impregnated-resistant

saltants of

Botrytis cinerea on agar impregnated with 500ppm TCNB

Time after Mean increase in colony diameter (cm.)
inoculation Strain
(hr.) Parent P(imp-r) T(imp-r) D(imp-r)
2l 0.00 0.00 1.27 1.18
L8 0.00 0.00 2,00 2.00
72 0,00 0,00 3,21 3.10
96 0.00 0.03 L. 59 L.27
120 0.00 0.10M 5.75 5.89
1Ll 0.10 0.50 7.10 7.52
168 0,21 1.30 C C
C = plate was covered with mycelium

M = appearance of resistant saltant.
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Table 10

Linear growth of parent strain and impregnated rcesistant

saltants of

Botrytis cinerea on agar impregnated with 500ppm DCNA

Time after Mean increase in colony diameter (cm. )
ino%ﬁ%?gion Parent P(impéggain T( imp-r) D(ipp-r)
2l 0.00 1.27 1.15 1.20
L8 0.00 2.36 2.02 2.37
72 0.00 h.21 3.89 L4.01
96 0,00 5.42 5.31 5.39
120 0,00 6.51 6.12 6.41
iy 0.00 7.48 7.15 7.56
168 0.05 C C C

C = plate was covered with mycelium,
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These results confirmed that the saltantswere truly
resistant to those chemicals in response to which they
originated from the parent strain; they were now re-
ferred to as resistant strains. If these results
were compared with those recorded in Table 7, the
inference would be that the fungicide-impregnated
resistant strains grewat the samec rate in the presence
as well as in the absence of the fungicide to which
they were initially resistant. In these experiments,
the parent straln, as was expected, did not grow on
agar impregnated with the fungicides.  The T(imp-r)
and D(imp-r) strains grawat about the same rate in

the presence of all the fungicides. The P(imp-r)
strain grew at the same rate on agar impregnated with
PCNB or with DCNA, but did not grow at first on agar
impregnated with TCNB. This result compared very
well with the behaviour of the PCNB-vapour-resistant
strain P(vap-r) when it was grown in the presence of
TCNB vapour. There was complete suppression of sporu-
lation of all the strains on agar impregnated with
PCNB or TCNB; &all the four strains sporulated on

agar impregnated with DCNA.



60

2.7 Linear growth of parent and both types of resis-

tant strains of Botrytis cinerea in the presence of

the vapours of PCNB, TCNB and DCNA

The experiments described in this section
were carried out to see whether there was any dif-
ference in resistance o fungicide vapour between
those resistant strains which were developed in res-
ponse to vapour treatment and those which developed
when the parent was grown on agar impregnated with
the fungicides. Mycelial discs, taken from the edges
of 2-days 0ld colonies of parent and 211 the six re-
sistant strains which were grown in the absence of
fungicides, were inoculated on agar which was exposed
to the vapour of either PCNB, TCNB or DCNA. Control
inoculations were on agar which was not exposed to
vapour of any of the fungicides. The results ob-

tained are recorded in Table 11,



Table 11

Linear growth of parent, P(vap-r), P(imp-r), T(vap-r), T(imp-r), D{vap-r) and D(imp-r)
strains of Botrytis cinerca in the presence of the vapours of PCNB, _TCNB and DCNA.

Time after

inoculation Mean increase in colony diameter (cm,)
Treatment (hr.) Strain
Parent P(vap-r) P(imp-r) T(vap-r) T(imp-r) D(vap-r) D(imp-r)
Control i o4, | 0,85 ! 0.87 ! 0.91 0.81 0.78 ¢ 1,04 | 0.82
. No i 72 3,10 | 2,76 3.00 2,67 2,71  ; 3.00 3.10
Fungicide | 120 6.86 © 5.31 5.87 5.1 5.22 . 5,69 5.43
f 168 C < ¢ C C c S C
b PCNB 2L | 0. 00 v 0.90 1.00 0.82 0.81 £ 1.00 0.91
} (10mg. ) 72 ¢ 0.27 . 2.78 3.1 2,71 2.62 i 3,26 3.16
120 0.46 | 5.41 5.91 5 .30 5.41 | 5.65 5.74
168 0.89M . C C C C { C C
TCNB 2L 0.00 ! 0.05 0. 06 1.01 0,99 | 0.91 0. 89
. (10mg. ) 72 0.12 j 0.32 0.29 2.75 2.63 t 2.85 2,81
120 I 0.19 1 0.78 0. 79M 5.31 5.40 1 5.61 5.43
L 168 ¢ 0.37M ! 1.35M 1.52 7.85 7.53 | ¢C C
DCNA 2h | 0.17 ¢ 0.91 0.85 0.91 0.89 1.51 0.85
(10mg. ) 72 1 046 1 2.86 2.76 2.43 2.4L 3.78 3.71
120 1.00M i 5.25 '5.80 4.78 4.81 6.52 6.05
192 | 2.0h i C C - -
i i :
M = appearance of resistant saltant
C = plate was covered with mycelium,

o
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The results showed that there was no difference in
resistance to fungicide vapour between the two types

of strmins resistant to any particular fungicide.

Both types of resistant strains obtained in response

to treatment with either TCNB or DCNA were resistant

to the vapours of all threce fungicides. The two types
of strains resistant to PCNB trcatment werc resis-

tant to PCNB and DCNA, but not to vapour of TCNB.

2.8 Linear growth of parent and both types of feéis—

tant strains of Botrytis cinerea on agar impregnated

with the fungicides PCNB, TCNB and DOCNA at a concen-

tration of %20 p.p.k.

These experiments were complementary to those
described in the last section; the aim was to find

out 1f the vapour-resistant strains of B, cinerea

would also be resistant to fungicides when these
were impregnated in agar media. The results ob-

tained are recorded in Table 12.



TLinear growth of parent, P(vap-r), P(imp-r), T(vap-r), T(imp-r), D(vap-r) and D(imp-r)
strains of Botrytis cinerea on agar impregnated with 500 p.p.m., of PCNB, TCNB or DCNA,

Time after Mean increasc in colony diameter (cm.)

inoculation Strain
Treatment (hr.) Parent P(vap-r) P(imp-r) T(vop-r) T(izp-r) D(v.p-r) D(i.p-r)
I
i Control 2L 1.04 0.90 0.91 0.82 0,80 1.02 0.99
No 72 3.41 2.68 2.91 2.71 2.68 3,05 2.88
Fungicide 120 7.30 5.30 5.33 5.03 5.14 6.85 5.97
168 C C C C C C C
PCNB 2L 0,00 0.83 0.91 0.76 0.80 1.08 1.41
(500ppm) 72 0.21 2.69 2.78 2.6l 2.71 3.62 3.85
120 0.50 5.20 5.10 5.00 5.00 5.40 7.20
168 0.67 C C C c C C
TCNB 24 0.00 0.00 0.00 0.85 0.90 0.00 0.87
( 500ppm) 72 0.00 0,00 0.00 2,71 2.63 0.00 2,62
120 0.00 0.23 0.38 5.40 5.39 0.14 5.14
168 0,02 O.47M 0.56M C C 0.33 C
DCNA 24 0.00 1.21 1.00 0.82 0.91 1,21 1.14
(500ppm) 72 0.00 3.72 2.97 2.01 2.36 3,00 3.10
120 0.00 5.51 5.30 L4.90 5.10 5.80 5.70
168 0.00 C C C C C C

€9
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These results were similar to those obtained in the
previous section; there was no diffecrence in their
resistance to impregnated fungicide between the two
types of strain resistant to any one fungicide.

Here again, strains resistant to PCNB werec not initi-
ally resistant to TCNB, although their growth rate
on agar impregnated with TCNB was higher than that

of the parent strain on the same medium,

2.9 Effect of successive subculturing and growth in

the absence of fungicides on the linear growth of re-

sistant strains of Botrytis cinsrea

In the experiments described in this sec-
tioh, it was desired to find out if successive sub-
culturing and continuous growth for a long time in
the absence of fungicides would cause any reduction
in, or loss of, resistance of resistant strains of

Botrytis cinerea.

Strains which were resistant to the wvapours,
or to the impregnated phase, of the fungicides were
grown for 2 days in the absence of fungicides. They
were then inoculated on nutrient agar and allowed to
grow for 2 days before the next inoculation was made,

Successive inoculations at intervals of two days were
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made until 40 generations for the vapour-resistant
strains, and 50 generations for the impregnated-re-
sistant strains, were obtained. Every fifth gener-
ation in each'case was grown in the presence of the
fungicide to which the strain was resistant., to find
out if there had been any reduction in, or loss of,
resistance. The period of two days growth between
successive generations was chosen because it allowed
for appreciably good growth, but not spore formation.

The results obtained are recorded in Table 13,



Table 13

Effect of successive subculturing and growth in the absence of fungicides on the linear

growth of resistant strains of Botrytis cinerea.

Mean increase in colony diameter (cm.) after 2

days
Strain
* P vap-r) P-(imp-r) T vap-r) T-Gmp-1) I vap-r) D {imp-r)
TREATMENT
Cnt P vap Cnt P imp Cnt T vap Cnt T imp Cnt D vap Cnt D imp
1st 2.02 2.14 2.03 2.05 2.11 2.18 2.40 2.03 2.45 2.67 2.65 2.63I
5th 2.31 2,29 2.05 2.12 2.15 2.10 2.14 2.15 2.41 2.58 2.60 2.61
10th 2.05 2.14 2.14 2.00 2.07 2.13 2.05 2.26 2.48 2,60 2.45 2.52
15th 2.10 2,00 2.61 2.h2 2,21 2.20 2.18 2.2h 2,111 2.49 2.28 2,29
20th 2.17 2.17 2.30 2.18 2,18 2.09 2.19 2.03 2.39 2.h2 2.53 2.19
25th 2.CD 2.26 2.19 2.18 2.25 2.23 2.14 2.18 2.40 2.563 2.28 2.31
30th 2.31 2.14 2.31 2.80 2.19 2.14 2.01 2,00 2,18 2.48 2.42 2.50
35th 2.80 2.09 2.25 2.36 2.30 2.25 2.33 2.17 2.41 2.49 2.67 2.63
LOoth 2.15 2.17 2.41 2.14 2.17 2.21 2,04 2.10 2,26 2.63 2.60 2.52
L5th - - 2.21 2.24 - - 2.41 2.18 - - 2.61 2.40
50th - - 2.1h 2.18 - - 2.24 2,30 - - 2.60 2.53
Cnt = no fungicide treatment P imp = ©PCNB applied in impregnased rhase
P vap = DPCNB applied in vapour phace T imp = TCIiB " " " "
T vap = TCNR 1" " ] 1t D imp = DCNA 1" " 0 "
D vap = DCNA " " " " ¥ = generation in absence of fungicide

99
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The results showed that successive subculturing and
growth in the absence of fungicldes had no effect on
the resistance of the resistant strains.

The 40th generation of the vapour-resistant
strains and the HOth generation of the impregnated-
resistant strain were as resistant when grown in the
presence of fungicides as the 1lst gencrations. Non-
sporing mycelial discs had been used for inoculation
and fungicides were impregnated in agar at the con-
centration of 500 »v.p.m.,

2,20 Linear growth of Botrytis cinerea on agar im-

pregnated with fungicides at a graded scries of concentration

- In the experiments described so far, the
fungicides PCNB, TCNB and DCNA had been impregnated
in agar at a standard concentration of 500 p.p.m.
whenever it was desired to use fungicide-impregnated
agar. In view of the very long lag pcriod observed

when B, cinerea was grown on such imprcgnated media and

in the light of certain results obtained on spore
germination tests (to be described later), experiments

were carried out on the linear growth of Botrytis cinerca

on agar impregnated with the fungicides at the following
concentrations expressed in parts per million (p.p.m.):
O_, 1-, 2_’ 5_’ lo_’ 25—, 50_, 100_, 250_, and SOO-ppm.

The results obtained are recorded in Table 14,



Table 14

Linear growth of Botrytis cinerea on agar impregnated with PCNB, TCNB or DCNA at a graded

series of concentration.

100 250 500

50

25

2 5

Mean increase in colony diameter (cm.)
1

Concentration of fungicide in agar (p.p.m.)
10

0

Time after
inoculation
(days).

Treatment
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These results showed that at concentr-tions up to
2 p.pP.m., PCNB had no effect on the linear growth of

Botrytis cinerea. At concentrations of PCNB above

2 p.rem., and up to 25 p.p.m., therec was a steady
but slow growth, which was less than the growth in
concentrations below 2 p.p.m.. The colonies were
lobed with irregular cdges; no clearly defined salt-
ants were formed; their morphology was similar to
that of 'hyphal variants', the second type of adap-
tation obtained when the fungus was exposed to the
vapour of fungicides. At concentrations of PCNB
above 25p.p.m., growth was very slow until resistant
saltants were developed.

TCNB had no effect on the growth of the fun-
gus when its concentration was 5p.p.m. Or less. At
concentrations between 5p.p.m. and 25 p.m.m., colonies
were obtained which resembled 'hyphal variants' in
their morphology. At concentrations equal to and
above 25 p.p.m., there was a long lag period; when
growth did take place, it was very slow indeed until
resistant saltants were formed.,

DCNA, up to a concentration of 2p.p.m. had
no effect on linear growth. Concentration of bp.p.m.

or more greatly retarded growth; there was a very
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long lag period; resistant saltants were formed in
a few of the plates; but 1ot more at any concentra-
tion than at others. Very few purely 'hyphal vari-
ants' were obtained in the plates; in most of the
plates, growth was very slow indeed when it took
place.

2.11 Linear growth of resistant strains of Botrytis

cinerea obtained from low concentrations of fungicides,

in the presence of high concentrations of fungicides

The aim of the experiments in this section
was to find out if a resistant strain, obtained in
response to treatment with a low concentration of a
fungicide, would be equally resistant when grown in
the presence of higher concentration of the same
fungicide. Resistant strains obtained from PCNB
treatment at concentrations 50-, 100-, 250- and
500-p.p.m. were grown on agar containing PCNB at
concentrations ranging from lp.p.m. to 500p.p.m.
Resistant strains obtained from treatments with TCNB
and DCNA were grown similk:"yon agar impregnated with
various concentrations of TCNB or DCNA. Resistant
strains were designated according to their mode of
origin; thus one obtained from treatment with DCNA at
5ppm was called RD5 and one obtained from treatment with
TCNB at 250ppm was called RT250. The results obtained

are rccorded in Teblec 1A, 16 and 17.
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Table 15

Linear growth of PCNB-impregnated resistant strains

of Botrytis cinerea on agar impregnated with PCNB

at various concentrations

Mean increase in colony diameter (cm.)
after 2 days growth
Concentration of PCNB (p.p.m.)

STRAIN 0 1 2 5 10 25 50 120 250 500

RP 50 2.3 2.L 2.3 2.4 2.3 2.2 2.5 2.3 2.3 2.3

RP 100 2.3 2,3 2.3 2.3 2.4 2.2 2.2 2,3 2.3 2.3

RP 250 2.2 2.2 2.3 2.3 2.3 2.4 2.2 2.3 2.5 2.4

RP 500 2.3 2.3 2.3 2.3 2.6 2,7 2.4 2,2 2.5 2.4
Table 16

Linear growth of TCNB-impregnated resistant strains

of Botrytis cinerea on agar impregnated with TCNB

at various concentrations

Mean increase in colony diameter (cm.)
after 2 days growth
Concentration of TCNB (p.p.m.)

STRAIN 0 1 2 5 10 25 50 100 250 500

RT 50 2.3 2.4 2.2 2,5 2,3 2.4 2.4 2.5 2,4 2.3
RT 100 2.4 2.4 2.3 2.3 2.4 2.5 2.4 2.2 2.3 2.4
RT 250 2.2 2.4 2.3 2,4 2.4 2.5 2,3 2.4 2.2 2.3
RT 500 2.3 2.5 2.4 2.3 2.4 2.5 2.4 2.5 2.5 2.4




72
Table 17

Linear growth of DCNA-impregnated resistant strains

of Botrytis cinerea on agar impregnated with DCNA

at various concentrations

Mean increase in colony diameter (cm.)
after 2 days growth
Concentration of DCNA (p.p.m.)

STRAIN 0 1 2 5 10 25 50 100 250 500

RD5 3.0 2,5 2.6 2.4 2.4 2.4 2,5 2.5 2,4 2.5
RD1O 2.8 2.5 2.6 2.5 2.6 2,7 2.4 2.5 2.5 2,6
RD25 2.5 2.5 2.6 2.5 2.5 2.4 2.5 2.6 2.5 2.4
RD100 2.6 2.6 2.5 2.5 2.5 2,5 2.6 2.4 2.5 2.6
RD500 2.7 2.4 2.5 2,3 2,6 2.5 2.6 2,7 2.5 2.5

These results were recorded after 2 days because
growth after 2 days was enough to establish whether
or not a colony would be resistant under any par-
ticular condition. The results suggested that re-

sistance of Botrytis cinerea to any of the three

fungicides was absolute within the limits of the
concentrations used in these experiments. A re-
sistant strain obtained on agar medium which con-
tained S5p.p.m. DCNA grew at the same rate on agar
containing 500 p.p.m., DCNA as it did on agar which
contained no fungicide; similarly a resistant strain

developed on treatment with TCNB at 50 p.p.m. grew
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at the same rate in agar containing 500 p.p.m.
TCNB as it .id on agar impregnated with 1 p.p.m,
TCNB. A strain which was resistant to a fungi-
cide at any concentration was equally resistant

at lower or higher concentrations of the same fun-
gicide within the limits of the concentrations

used in these experiments.

2.12 Linear growth of parent ¢+v- all resistant

strains of Botrytis cinerca on agar impregnated with

various concentrations of PCNB, TCNB and DCNA

This is a summary, in a tabular form, of
the results of experiments on the linear growth of

Botrytis cinerea and its resistant forms on agar

impregnated with fungicides at concentrations from

1 to 500 p.p.m.. Results are recorded in Table 18,
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2,13 Summrry of results on linear growth of parent

and resistantstrains of Botrytis cinerea

Botrytis cinerea was susceptible to treat-

ment with PCNB, TCNB or DCN4i when these fungicildes
were applied in the vapour or agor-impregnated phase;
its growth rate was at first very slow; but later
resistant salﬁants were formed which grew well both

in the presence or absence of fungicides. The growth
rate of these resistant saltants wns o2lways less than
that of the parent in the ~bsence of fungicides. The
fregquency with which the parent strain formed resistant
saltants was much less on agar impregnoated with fungi-
cides thaon on agar which wos cexposed to the vapour of
fungicides. When equal amount of fungicides was
used, PCNB, TCNB and DCNA were more active against

Botrytis cinerea in theilr agar-impregnated phase than

in their vapour phase. When used in the vapour phase,
the order of activity of these fungicides was TCNB>
FCND »DCH.; but when they were impregnoted in agar,
their activity in descending order was DCNA > TCNB » PCNB.
Any resistant saltant, produced in respcnse to treat-
ment with a low concentration of fungicide applied

in the imvnregnated phase, was also resistant to higher

concentrations of the same fungicide, and to its vapour;
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resistant strains did not lose their resistonce when
they were grown for up to 4O successive generations
in the absence of fungicides. Strains which were
resistant to treatment with any one of the fungicides
were also resistant to treatment with the other fun-
gicides, except for the PCNB-vapour- ond PCNB-impreg-
nated- resistant strains, which were not resistant

to TCNB when it was impregnated in agar nt concentra-
tions above 25 p.PeMl.. They were also not resistant
to wvapour from 10mg. TCUB. Paront and all the re-
sistant strains sporulated on agar impregnated with
DCNA; parent and DCNA-resistant strains sporulated
in the presence of the vapour of DCNA. Sometimes,
PCNB~- and TCNB- resistant strains sporulated in the
presence of the vapour of fungicide to which they were
resistant.

3.0 Spores of parent and resistant strains .f

Botrytis cinerea

In the experiments which have been des-
cribed and recorded so far, successive gen-:-~tions

of parent and resistant strains of Botrytis cinerea

were maintained by subculturing from young non-sporing
colonies, or from non-sporing stock cultures kept

under mineral oil at laboratory temperature. In
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all the experiments, the inocula were mycelial discs
taken from the edges of two-dey old, non-sporing colo-
nies. In none of the experiments did any inoculum
taken from the parent colony start its growth as a
resistant form on agar which was exposed to the
vapour of, or impregnated with, fungicides; resistant
saltants have always been formed as sectors from the
very slow-growing parent colonies, On the other
hand, inocula taken from resistnnt strains have al-
ways started their growth as resistant forms on agar
treat < with the fungicide in the presence of which
they were originnlly obtained as resistant sectors,
even when these resistant sectors have been grown for
many generations in the absence of fungicides. These
results therefore relate to experiments in which no
spore, other than the single spore from which the
parent strain was originally purified, was involved.
It was desired to find out if there was any chance of
a perent spore giving rise to a colony which was ini-
tially resistant to the fungicides, and also to see

if spores from resistant strains gave rise to colonies
which would be susceptible when grown in the presence
of fungicides, the expectation being that spores pro-

duced by resistant strains would always give rise to
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resistant colonies, whereas those produced by the
parent strain would always form susceptiblc colonies.

The investigation was carried out by onalysing results

obtained
(a) from a large number of single spore
colonies,
(b) by using a modification of the 'Most
Probable Number' - 'M.P,N.' technique, and
3 (c) by using the 'dilution plate' technigue.

Both the 'Moct Probable Number' and 'dilution plate'
techniques will be explained in the appropriate sec-
tions. Results obtained with spores produced by
the parent strain will be given first.

3.1 Estimation of the percentage of spores of parent

strain of Botrytis cinerea which were resistant to

PCNB, TCNB and DCNA

(a) Estimation by growing single spore colonies

Spores werc obtained from 8-14 day old

colonies of parent strainof Botrytis cinerea, which

had been grown in the absence of fungicides. A
spore suspension containing about 2000 spores per ml,
was prepared and samples were spread on plain agar as

described in section 4.2 under ‘'‘materials and - :thods';
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120 single spores were picked up and placed, five spores
per plate, on nutrient agar, and incubated for €O

hours by which time colonies had been formed from

the spores. These colonies were then scored for
resistance to fungicides by taking mycelial discs

Tfrom their edges and placing them, mycelial surface
downswards, on agar which was either impregnated with
100 p.p.m., of PCNB, TCNB or DCNA or exposed to their
vapour, Agar for the control experiments was not
treated with fungicides.

None of the 120 single spore colonies was
initially resistant to any of the fungicides when they
were used either in the vapour phase or in the im~
pregnated phase. As far as could be determined
therefore, by this method of investigation, spores of

parent strain of Botrytis cinerea formed in the ab-

sence of fungicides did not give rise to colonies
that were initially resistant. It is recognized
that the number of spores tested was very small, but,
of course, they had been taken at random from a very
much larger number.

b) Estimation by a modification of the 'Most Probable
(

Number - M.P.N.' technigue

The 'Most Probable Number' dilution method
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(Cochran, 1950), is a means of estimating, without
any direct count, the density of organisms in a
liquid. The method consists of taking samples from
the liquid, incubating each sample in a suitable
culture medium and observing whether any growth of
the organism has taken place. The estimation of
density is based on an ingenious application of the
theory of probability to certain assumptions, namely,
(a) the organisms are distributed randomly throughout
the liquid, and

(b) each sample from the 1iquid, when incubated in
the culture medium, is certain to exhibit growth when-
ever the sample contains one or more organisms. If
the culture medium is poor, or if there are factors
which inhibit growth, or if the presence of more than
one organism is necessary to initiate growth, the
'M.P.N.' method gives an underestimate of the true
density. In the mathematical analysis of the re-
sults obtained, the probability that there will be

no growth in a sample is related to the density of
organisms in the original liquid. If the density of
organisms were such that 211 samples taken ore sterile,
then the estimated density will be zero, and if the

density were such that all samples are fertile, then
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the estimated density will be infinite. Because the
precision of the 'M.P.N.,' is very poor when the volume
of the sample taken is such that the samples are
likely to be all sterile or all fertile, it is usual
in practice to take as samples more than one dilution
or different volumes of the same dilution in such a
way that certain of the samples will be sterile and
the others fertile. A volume dilution ratio is
chosen in such a way that samples with the smallest
volume should be sterile and those with the highest
should be fertile.

In these experiments, a suspension of the

spores of the parent strain of Botrytis cinerea con-

taining about 100 spores per ml. (determined by haemacy-
tometer counts) was prepared. This dilution of spore
suspension was taken to give a sufficiently random
distribution of single syores. A dilution factor

of '2' was chosen so that the volumeg o samples of
spore suspension used for inoculation were in the
graded series 0.01lml., 0.02ml., O.OUml.,;cecee.0etO
O.64ml,, 1.28ml.. The o samples were then inoculated
by spreading thinly over the surface of nutrient agar
which was either imnrozneted with, or exposed to the

vaponz o, fumairidee, opr not treated at all with
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fungicides, There were 8 replicates for each treat-
ment at each dilution level. The plates were incuba-
ted at 2OOCa, and were exwmined for ;rowth after 2,
L4 and 6 days. If there were any resistant spores in
the inoculum, such spores would form colonies in the
presence of fungicides; all spores, whether they were
resistant or not, wouid be capable of forming colonies
in the control untreated plates. By comparing the
estimated density of colonies formed in the presence
of fungicides with that of colonies formed in their
absence, it would be possible to estimate the percen-
tage of parent spores which were resistant to a par-
ticular fungicide.

The results obtained confirmed those with
the single spore colonies recorded earlier, because
no initially resistant colonies appeared during the
first four days germination and growth, After 6 days,
resistant colonies, which, expressed as percentages
of the estimated number of colonies in the control
series, were 0.24, 0.09, 0.05, 0.7, C..6 ¢z 1 0,00
in the PCNB-vapour-, PCNB-inmpregnated, TCNB-vapour-,
TCNB-impregnated, DCNA-vapour- and DCNA-impregnated-
treatments respectively, were obtained; they originated
as resistant seltanvts from very small susceptible parent

colonies, It is interseating that the density of the
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spore suspension estimated by this method was 103,8
per ml.; this was the density of spores incubated
in the control plates; the density of the spore sus-
pension, as determined by haemacytometer counts, was
about 100 spores per ml,

(c) BEstimation by the 'dilution plate' technigue

This will be discussed in the next section with the

spores formed by resistant strains of Botrytis cinerea,

3.2 BEstimation of the proportion of spores produced

by the vapour resistant strains, P(vap-r), T(vap-r)

and D{vap-r), of Botrytis cinerea, which were resis-

tant to fungicides

The proportion of sbores which gave rise
to resistant colonies will be expressed in terms of
the total number of single spore colonies examined.
The spores used in these experiments were obtained
from 8-14 day old colonies of the vapour resistant
strains P(vap-r), T(vap-r) and D(vap-r) of Botrytis
cinerea which had been grown in the absence of fungi-
cides. Sporulation of some of these resistant strains
on glucose-casein-hydrolysate agar, the nutrient medium
which has been used so far in these experiments, was
very poor. This was particularly true of the strain
resistant to TCNB. The resistant strains were there-

fore grown on other nutrient media and examined for
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sporulation. Details of the results obtained on
sporulation experiments will be given later in another
section.

When fairly good sporulation was obtained,
it was desired to purify the sporulating strain by
single spore isolations; 5 single sporcs of each
vapour-resistant strain were picked up at random
and the colonies formed by them were inoculated on
different nutrient agar media. At the same time,
mycelial discs from these colonies were inoculated
on glucose~casein~hydrolysate agar plates which were
exposed to the vapour of fungicide to which the strain
which produced the spores was resistant. Control
plates without fungicide were alsc inoculated.

At the start of the experiment, it was ex-
pected that the spores produced by resistant strains
would give rise to resistant colonies. But the re-
sults obtained on the linear growth in the presence
of the vapour of fungicides of the 5 single spore
colonies from each strain showed that this was not so.
Of the 5 single spore colonies obtained from the spores
of PCNB vapour resistant strain, only 2 were resistant
to the vapour of PCNB. Ofthose obtained from the
spores of the T(vap-r) strain, 3 were resistant to the

vapour of TCNB, and of the 5 colonies from the spores
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of the D(vap-r) strain, only 1 colony was rcsistant
to the vapour of DCNA. The linear growth responses

of the non-resistant colonies are given in Tablc 19.



Table 19

Linear growth of non-resistant colonies obtained from certain single spores of the vapour re-

sistant strains P(vap-r), T(vap-r) and D(vap-r) of Botrytis cinerea in the presence of the

Time after
inoculation

(hr,)

vapour of PCNB, TCNB or DCNA,

Mean increase in colony diameter (cm. )
Treatment

CONTROL (no fungicide)

y —

PCNB vapour

Parent P vap-r T vap-r D vap-r Parent P vap-r

TCNB vapour

DCNA vapour

Parent T vap-r Parent D vap-r

2L 1.67 1.20 0.70 1.60 0.20 0.60 0.00 0.00 0.25 0.20
72 6,90 6.81 4.80 6.99 0.83 1.34 0.20 0.19 0.49 0.85
120 C C 6.61 C 1.08 1.56M || 0.25 0.31 1.22M] 1.15
168 p - - C - 3.25M| 6.20 |i 0.53M | O0.51M || 2.67 1.90
192 § - - —_ - 5.31 C 1.05 1,12 |' L.02 2.30M
L 240 [ - - - - 6.58 - 2.68 | 2.81 |i 5.u1 ) 2.u0
I o— —-— — -— o—— -—
i _ - — -
] - -— - - — -— - —_— — -
M = first appearance of resistant saltant.

98
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The results suggest that there was no differencs
between the behaviour of a colony from the parent
strain and those formed by non-resistant spores of
the vapour-resistant strains. They all started
with little or no growth in the presence of vapour
of fungicides; rapid growth took place only after
the formation of resistant saltants.

The experiment was repeated with 38 spores
from the parent and each of the vapour resistant
strains, The results obtained showed again th~t
certain of the colonies formed by spores of resistant
strains were resistant to treatment with fungicides,
whereas the other colonies were susceptible. An
analysis of the proportion of resistant colonies

to the susceptible types is given below:-

Strain No. of spores No. forming ©No. forming sus-
used resistant ceptible
colonies, colonies
Parent 38 0 38
P(vap-r) 38 17 21
T(vap-r) 38 18 20

D(vap-r) 38 16 22
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This problem was also investigated in another ay:
25 single spores from each resistant and parent
strain were picked up and were then allowed to germ-
inate and grow directly in the presence of the vapour
of fungicides., The results obtained are shown below:
Strain No., of No. of No. of No, of
spores used colonies colonies colonies

formed which were which were
after 2 resistant susceptible

days
Parent 25 0 0 -
P(vap-r 25 15 15 0
T(vap-r 25 10 10 0
D(vap-r 25 12 12 0

These results showed that when colonies were derived
from spores which initially were allowed to germinate
and grow for two days in the presence of the vapour
of fungicides, all such colonies were resistant to the
vapour of fungicides., When the spores which had not
formed colonies in two days were transferred to the
surface of media which were not exposed to the vapour
of fungicides, such spores formed colonies which, how-
ever, were susceptible when grown in the presence of
vapour of fungicides. It now became very clear that
not all the spores produced by vapour-resistant strains

of Botrytis cinerea would give rise to resistant
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colonies when grown in the presence of the vapour of
fungicides. The latter part of this section deals
with the estimation, based on a large number of single
spores, of the proportion of 'resistant' spores to
'susceptible' spores, produced by the vapour resistant

strains of Botrytis cinerea.

(a) Estimation by growing single spore colonies

150 single spore colonies of each strain,
which had been formed in the absence of fungicides,
were scored for resistance by measuring the mean daily
increases in diameter of the cultures exposed to the
vapour of fungicides and comparing them with those of
the cultures in the control plates, after 2 days, when
a resistant colony would have grown very well in the
presence of the vapour of fungicides, and after 6
days, when a resistant colony would have covered the
plate when growing ‘= the presence or absence of the
vapour of fungicides. There were 3 replicates for
each treatment of each single spore colony. A
colony was taken to be resistant when its mean daily
ircrease in diameter in the presence of the vapour
of fungicide was equal to, or greater than, one half
of the mean of the mean daily increases in diameter

of all the parent and resistant-spore colonies over the
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same period in the absence of the vapour of fungicides.
The proportion of spores which gave rise to resistant

colonies was expressed as percentage of all the single
spore colonies of any particular strain. The results

are given below:-

No of Percentage of colonies which were

single resistant
spore’ Treatment

colonies PCNB vapour TCNB vapour DCNA vapour
Strain examined 2 days 6 days 2 days 6 days 2 days 6 days

Parent 150 0.0 0,07 0.0 0.0 0.0 0.06
P(vap-r)] 150 55.9 |60.2 - - - -
T(vap~-r) 150 - - 55.6 | 65.7 - -
D(vap-r)l 150 - - - - 46.3 | L46.3

These results confirmed the earlier results that not

all the spores produced by the vapour-resistant strains

of Botrytis cinerea gave rise to resistant colonies
wheﬁ grown in the presence of the vapour of fungicides;
it would appear that about 55-60 per cent of the spores
produced by the P(vap-r) strain, 55-65 per cent of
those produced by the T(vap—r) strain, and L6 per cent
of those produced by the D(vap-r) strain gave rise to
resistant colonies; the remaining gave rise to sus-
ceptible colonies when grown in the presence Qf the
vapour of fungicides. The percentage of resistant
colonies after 6 days was slightly higher than that

after 2 days in the cacc of P(vap-r) and T(vap-r) strains;
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this was due to the formation of resistant sectors

in some of those colonies which initially were not
resistant, The method of estimation of proportion

of resistant colonies did not make any allowance for
the separation of those colonies which one might desQ
cribe as 'partially resistant' from the truly resis-
tant colonies; these 'partially' resistant colonies
were +10se colonies which were not smooth-edged,

and which did not grow so fast as the truly resistant
colonies; but they did attain diameter which was
about one half of the mean of increases in diameter

of colonies which grew in the absence of vapour of
fungicides. They were more like the 'hyphal variants'
described on page 36 section 2.0 and 2.1 under 'experi-
mental work and results'. If such colonies were
excluded from the resistant colonies, the proportion
of resistant colonies would be lower than that recorded.
The proportion of resistant colonies obtained after 2
days would then be about 51.8 per cent for spores
obtained from the P(vap-r) and about 50.9 per cent

for spores obtained from the 7(vap-r) strains; that
for spores obtained from the D(vap-r) strain would

still be L6.3 per cent,
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(b) Estimation by the 'M.P.N.' technigue

This method was not used for spores pro-
duced by vapour-resistant strains.

(c) Estimation by the 'dilution plate' technigue

The method of estimating the proportion of
spores which gave rise to resistant colonies, by grow-
ing individual single épore colonies and scoring them
for resistance afterwards, was very tedious and it
took a long time to do the experiments; and only a
relatively small number of single spores could be
examined, A method which was gquicker and which gave
more reliable results was the 'dilution plate' tech-
nigque., It was based on the observation that in the
presence of fungicides, colonies arising from 'resis-
tant' spores could be distinguished from those arising
from susceptible ones merely by inspection after three
days' incubation at 20°c, (Plate 4 ). Resistant
colonies were about 2-3mm. in diameter and had smooth
edges; susceptible colonies were about O.4mm., in
diameter and were lobular with gnarled hyphae. The
technique consisted of plating 0,05ml. of spore sus-
pension of density about 2000 spores per ml. by spread-

ing over the surface of nutrient agar with a sterile






ou

glass rod. The plates were then exposed to the vapour
of fungicides before incubation. This method has been
described on page 31. Using this technigue, the spores
could be scored at densities of up to 200 colonies

rer rniate; such high densitvies were not used in these
experiments. Vhen the method of raising individual
single spore coloni-: was uscd for cstimating percentage
resistance, rcsistant and susccptiblc spores could be
distinguished only after following their growth rates
for about a week, requiring at lcast 6 petri dishes for
each single spore growth. Scoring by the 'dilution
plate' technique allowed a much larger number of

sporcs to be classified, and, being bascd on larger
samples, the ratios obtaincd were more reliable. The
results obtained from 'dilution plate' experiments are

recorded in Table 20.



Table 20

Estimation by the 'dilution plate' method, of proportion of spores produced by parent,

P(vap-r), T(vap—r) and D(vap-r) strains of Botrytis cinerea which gave rise to resistant

colonies.
No. of colonies Treatment
. scceed (control) PCNB vapour TCNB vapour DCNA vapour
Strain .Exp. Obs. R S % res- R S % res- R S % res-—
istant -istant istant
Parent Luh70 4398 0 4382 c.0 0 L2973 0.0 0 L372 0.0
P(vap-r) L4600 L0008 2091 2015 50.2 - - - - - -
[r(vap-r) 1300 923 - - - 1459 478 49.7 - . - -
D(vap-r) L600 3624 - - - - - - 1823 1904 50.3

Exp. = expected number of colonies in the control plates.
Obs. = observed number of colonies in the control plates.
R = number of resistant colonies

S = number of susceptible colonies.

66
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These results confirm the earlier observation that
only about 50 per cent of the spores produced by

vapour-resistant strains of Botrytis cinerea gave

rise to resistant colonies. None of the spores of
parent strain tested was resistant to any of the
(Plate 5)

vapours of fungicides./ Some of the parent colonies
growing in the presence of fungicides later gave
rise to resistant saltants, especially in plates
exposed to the vapour of PCNB; but the number of
resistant saltants formed was very few indeed.
This may be due to overcrowdingdqf colonies on the
plates. Almost invariably, no gésistant saltants
were formed in those plates in which parent colonies
were exposed to the vapour of DCNA, but the colonies
sporulated very well, and when these spores were
tested for resistance, ﬁone of them gave rise to
resistant colonies, although they had been formed
in the presence of the vapour of DCNA, and from
colonies which were derived from parent spores which
germinated and developed in the presence of the
vapour of DCNA.

A few of the parent colonies in plates

exposed to vapour of TCNB gave rise to resistant

saltants. Because of the large number of colonies
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on the plate, 1t was not very easy to estimate how
many of the colonies would have given rise to re-
sistant saltants; it appeared, however, that on

the whole, the appearance of resistant saltants in
plates exposed to vapour of PCNB or TCNB was less
frequent when the inoculum was a spore than when the
inoculum was a young mycelial disc.

The spores used for inoculation in these
experiments were the 'first generation' of spores
produced by the vapour—resistant strains of Botrytis
cinerea when they were grown in the absence of fungi-
cldes. The resistant and susceptible colonies ob-
tained from these 'first generation' spores of vapour
resistant strains were subcultured and allowed to
grow in the absence of the vapour of fungicides.

When they sporulated, these 'second generation' of
spores were tested for resistance and the proportion
of 'resistant' spores was determined by the dilution
plate technique.

The results obtained with the two types of
'second generation spores' will be given separately.

4000 'second generation spores' produced
by colonies derived from non-resistant 'first genera-

tion spores' of each of P(vap-r), T(vap-r) and D(vap-r)
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strains as well as spores produced by parent strain
were used. None of the colonies formed from the
LOOO spores in each strain was resistant to vapour
of fungicide., This result showed that when spores
produced by resistant strains gave rise to suscep-
tible colonies, such susceptible colonies did not
produce spores which gave rise to resistant colo-
nies; all the spores they produced gave rise in
their turn to colonies which were susceptible to
treatment with vapour of fungicides. There was no
'reversion' in these 'second generation' spores to
the resistant type; all the colonies produced
were of the parent, non-resistant type.

The results obtained from experiments
with the other type of 'second generation' spores,
those produced by colqnies derived from 'resistant’

'first generation' spores, are recorded in Table 21,



Table 21

Estimation, by the 'dilution plate' method,‘of proportion of 'second generation' spores pro-

duced by colonies derived from 'resistant' 'first generation' spores of the P(vap-r),

T(vap-r) and D(vap-r) strains, which gave rise to resistant colonies.

00T

No. of colonies Treatment
scored (control) PCNB vapour TCNB vapour DCNA vapour
Strain Exp. Obs. R S % res~ R S % res- R S % Tes— .
istant istant _ istant
Paroent L4000 3892 0 3785 0.0 0 3690 0.0 0 3801 0.0
P(vap-r) LOOO 3705 1299 2387 38.0 - - - - - -
r(vap-r) 1500 1397 - - - 609 917  39.8 - - -
D(vap-r) L0OOO 3723 ~ - ~ ~ - - 1723 2438  L43.8
Bxp. = expected numbcer of colonies in the control plates
Obs. = observed number of colonies in the control plates

R = number of resistant colonies

S = number of susccptible colonies
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These results showed that when colonies were formed
from the ‘'resistant' spores of the 'first generation!
spores of the resistant strains, such colonies produced
spores, some of which gave rise to resistant colonies,
but most of which gave rise to susceptible colonies.
The percentages of resistant colonies in these ‘'sec-
ond generation' spores were less than the percentages
in the 'first generation' spores in all cases; their
values were 38.0, 39.8 and 43.8 for P(vap-r), T(vap-r)
and D(vap-r) respectively, compared with about 50 in
Table 20, If the results in Tables 20 and 21 were
conéidered alongside cach other, it appeared that only
about 19 per cent to 21 per cent of the spores pro-
duced originally by the vapour-resistant strains were
likely to give rise to vapour-resistant colonies at

the 'second generation spore' stage. The proportion
of 'resistant' spores among the 'third generation spores'
was determined for the P(vap-r) strain, and it was

36.8 per cent. The proportion of 'resistant' 'third
generation spores' was not determined for the T(vap-r)
and D(vap-r) strains; it seems probable, however, that
had this proportion been determined, its value would
have lain between 35 per cent and 45 per cent in both
cases. It appeared then that with each fresh genera-

tion of spores, the number of spores that would give
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rise to resistant colonies was progressively reduced
by about 55 to 65 per cent.

All the spores used in the experiments des-
cribed in sections 3.0, 3.1 and 3.2 were produced from
colonies which grew in the absence of vapour of fungi-
cides. Sometimes spores were produced in the presence
of vapour of fungicides, The parent and the D(vap-r)
strains sporulated well when they were grown in the
presence of the vapour of DCNA (page 50); occasion-
ally very few spores were obtained when the P -ap-r)
and T(vap-r) strains were grown in the presence of
vapour of PCNB, The proportion of spores, produced
in the presence of vapour of fungicides, which gave
rise to resistant colonies, was determined by 'dilu-
tion plate' method. LOOO spores of parent strain,
produced in the presence of the vapour of DCNA, 2000
spores of P(vap-r) strain produced in the presence of
PCNB, and 4000 spores of D(vap-r) strain produced in
the presence of vapour of DCNA were used in these ex-
periments, Spores formed by the parent strain gave
rise to colonies which were susceptitle to treatment
with the vapour of DCNA, even though these spores had
been formed in the presence of the vapour of DCNA,

The spores formed by the P{vap-r) and D(vap-r) strains
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gave rise to colonies which were resistant in the pre-
sence of the vapour of PCNB and DCNA rcspectively. (Plate 6)
These spores were formed in the presence of the vapour
of fungicides. This result is in contrast to the
behaviour of spores of the same strain which were formed
in the absence of fungicides and in which the percentage
of 'resistant' spores was at first 50, but became
progressively reduced with each fresh generation of
spores. It is significant to note that in experiments
with spores produced by the D(vap-r) strain in the
presence of vapbur of .CNA, the nunber of colonies
observed in the control plates was far less than the
numbér expected; the observed number of colonices was
about 50 per cent of the expected number, both in the
control untreated plates and in plates exposed to the
vapour of DCNA,

2.3 Estimation of the proportion of spores produced

by the impregnated resistant strains P(imp-r), T(imp-r)

and D(imp-r) of Botrytis cinerea, which gave rise to

resistant colonies

Spores were obtained from the impregnated
resistant strains P(imp-r), T(imp-r) and D(imp-r), of

Botrytis cinerea, which had been grown both on untrecated
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agar, and on agar impregnated with fungicides at the
concentration of 250 p.p.m.. All the three impreg-
nated resistant strains sporulated appreciably on agar
impregnated with DCNA, The T(imp-r) strain sporulated
both in the absence of, and on agar impregnated with,
TCNB. Not many spores wecre formed in either case,
however, and there were several plates in which sporu-
lation was not observed. The P(imp-r) strain sporu-
lated fairly well on agar without PCNB, and also some-
times on agar impregnated with PCNB. The parent
strain sporulated on agar impregnated with DCNA; the
amount of spores produced in such cases was, however,
very small, since growth of parent strain on DCNA-imp-
regnated agar was very limited indeed, unless resistant
saltants were formed. The results obtained of esti-
mation, by ‘'dilution pl-te' method, of proportion of
spores which gave rise to resistant colonies, are re-
corded in Table 22, When spores were obtained from
agar impregnated with fungicides, a suffix "(ex-imp)"
was added to their description, and when they were ob-
tained from agar without fungicide treatment, the suffix
"(ex-o)" was used to describe them, Thus spores which
were obtained from P(vap-r) strain which had grown on
agar impregnated with PCLIB were‘described as P imp-r
(ex P imp), and those obtained from D(imp-r) strain
which had grown in the absence of fungicides were des-

cribed as D imp-r (ex-o0).



Table 22

bstimation of the proportion of spores produced by parent and impregnated resistant strains

of Botrytis cinerea which gave rise to resistant colonies,

No. of colonies Treatment
scored (control) TCNB impregnated TCNB impregnated DCNA impregnated
Type of  EXp. Obs. R S % res- R S Y% res— R S % res-
spore istant istant istant
@arent
(ex-0) 2300 2106 0] 952 0.0 0 528 0.0 0 18 0.0
Parent -
‘(exDimp) 2200 1988 0 870 0.0 0 L83 0.0 0 12 0.0
Zimp-r
‘(ex~0) 1800 1242 1265 0 100.0 - - - - - -
T imp-r !
;\exPimp) 2000 1682 1334 0 100.0 - - - - - - !
Timp-r i
i(ex-0) 1500 568 - - - 261 0 100.0 - - -
Timp-r
(exTimp) 1200 429 - - - 327 0 100.0 - - -
pDimp—r
i(ex-o0) 1500 294 - - - - - - 240 0 100.0
|Dimp-r
{(exDimp) 1800 374 - - - - - - 296 0 100.0
Exp. = expected number of colonies
Obs. = observed number of colonies
R = number of resistant colonies
S = number of susceptible colonies

90T
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These results showed that when spores pro=-
duced by impregnated resistant strains gave rise to
colonies, only resistant colonies were formed,
whether these spores were produced in the absence of
fungicides or on ager impregnated with fungicides.

The number of colonies actually formed was, however,
small compared with the number of colonies € =zcted
from the density of spore inoculations, as determined
by haemacytometer counts. There were several in-
stances in which the number of colonies observed, even
in the control plates, was only about 10 to 15 per
cent of the actual number ezpected, especially with
the T(imn-r) and D(imp-r) strains. A probable ex-
planation for this result would be that most spores
germinated and then stopped growing before they could
form mycelium, becauss spore germination experiments
(described later, page 133) showed that spores of
resistant strains were not inhibited in their germina-
tion by the fungicides to which the strains which pro-
duced these srores were resistant,

Not only did spores fron parent strain give
rise only to suscepntible colonies, but the nurmber of
colonies formcd on I=uraeranted agar was very small

compared with thc nunher formcl in the control pleates,



108

or even on agar exposed to the vapour of fungicides
(page 95). The number of parent colonies formed
on impregnated ager was only a fraction of the ex-
pected nurber, ranging from sghout 45 per cent on
agar impregnated with PCNB to 25 per ceat on agar
impregnated with TCNB and only about 0.9 per cent
on agar impregnated with DCNA. Also the number of
resistant saltants developed was very small indeed;
only 2 saltants were obtained from the 18 colonies
on agar impregnated with DCNA, and that was after
68 days after inoculation.

The concentration of fungicides in the agar
used in these experiments was 250 DP.D.Mee. Because
of the small number of spores of parent strain which
gave rise to colonies on agar impregnated with TCNB
and DCNA, it was desired to find out whether there
would be any differences in the number of colonies
formed by spores of parent strain if agar was impreg-
nated with different concentrations of fungicides.
The results obtained in such exXperiments are shown

overleaf,
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Effect of concentration of fungicide on the number

of colonies formed by spores of parent strain of

Botrytis cinerea on agar impregnated with PCNB,

TCNB and DCNA

Concentration Number of colonies formed
of fungicides Treatment

(p.p.m.) PCIB TCNB DCNA
0 156" 496 304"

1 29" 483" 251"

> 380% po1® - 382%

5 390 397* 37

10 393 235" 15

25 375 36 7

50 1105 28 13

100 38l 55 5

250 363 57 7

500 318 U5 8

(1) =

(11) +

colonies had hyphal morphology like
that of parent growing in the absence
of fungicides.

colonies had hyphal morphology like
that of the non-resistant hyphal variant
of the parent.

(iii) A1l other colonies were of the very slow-
growing susceptible type from which resistant
saltants may arise later.
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A complementary experiment on the effect of different
concentrations of fungicides on the number of colonies
formed by spores of resistant strains was not done
because there was not much differemce in the number of
colonies formed by spores of resistant strains on agar
which contained no fungicide and agar which was im-
pregnated with 250 p.p.m. of fungicide., The results
with spores of parent strain showed that PCNB, in the
concentrations used, had no very signi ’icant effect on
the number of spores of parent strain which gave rise
to colonies; almost the same number of colonies were
observed in the control plates with no fungicide and

in plates which contained up to 500 p.p.m. PCNB.(Plate 7)
TCNB at concentrations above 10 p.p.m. and DCNA at
concentrations above 2 p.p.m. very significantly re-
duced the number of colonies observed. These re-
sults on the effect of concentration of fungicide

on the proportion of spores which gave rise to colonies
are similar to those on the effect of concentration of
fungicide on linear growth of mycelium of parent strain

of Botrytis cinerea (page 74 ) and to those on spore

germination (page 125).
Because the number of colonies observed on
plates, both with and without fungicides, which were

scored with sporcs of the impregnated~resistant strains
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fell far short of the expected number, calculated
from the volume and'density of spore suspension used
for inoculation, and because only colonies of the
resistant type were obtained, it was thought possible
that these strains might have produced the 'non-resis-
tant' type of spores which, however, were unable to
develop in the presence of the 'resistant'! type of
spores. To investigate this possibility, the fdlow-
ing experiment was set up.

Spore suspension of known concentration of
the parent, T(imp-r) and D(imp-r) strains were prepared.
Samples of suspension of parent spores were mixed
with samples of each of the other two suspensions
in the ratios of 1:3, 1:1, and 3:1, the parent
spore part of the ratio being given first, Thus 9
different samples of spore suspensions were obtained,
These were then scored on pla’ of nutrient agar
with or without fungicides.

The results obtalned are given overleaf,
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Effect of the presence of spores obtained from the

impregnated resistant strains on the development of spores ob-

tained from parent strain

No., of colonies observed
Type of spore suspension used for inoculation
Pa T-r D~r Pa:T-r Pa:T-r Pa:T-r Pa:Dr Pa:Dr Pa:Dr
Treatment 1:3 1:1 3:1 1:3 1:1 3:1

Control 662 £59 290 670 543 548 562 546 597
TCNB  5L0 581 - 598 115 208 - - -
DCNA 10 - 233 - - - 105 126 149

These results suggested that the development of spores
from the parcnt strain was independent of the presence
and concentration of spores obtained from T(imp—r)
and D(imp-r) strains. This would suggest that if
the impregnated resistant strains were capable of
were similar
producing non-resistant spores which in behaviour/to
spores of the parent strain, then the T(imp-r) and
D(imp-r) strains could no. have produced such non-
rcsistant spores. Had such spores been produced,
their development could not have been affected by the
presence of the 'resistant' type of spores. A
probable explanation, as suggested on page 107, would
be that certain of the spores produced by impregnated

resistant strains germinated and then quickly stopped

growing.



114

HETEROKARYON

It was desired to find out what type of
gspores would be produced by heterokaryons formed bet-
ween parent and the impregnated-resistant strains,
The impregnated-resistant strains were chosen because,
as far as had been determined, they produced only
spores which gave rise to 'resistant' colanies.

O.5ml. of dense spore suspensions, about
200,000 spores per ml., of parent strain was mixed
separately and thoroughly with 0.5ml, dense spore
suspension of spores from T(imp-r) and D(imp-r) strains.
The spore mixture, Pa/T-r and Pa/D-r, were then ino-
culated on nutrient agar by spreading thenicarefully
with a glass rod over an area about u.g 2&. diameter.
It was expected that heterokaryons would be formed bet-
ween the parent and each of the two resistant strains,
After incubating the cultures for 3 days at 2100, myce-~
lial discs were taken from the edges of the colonies
produced and inoculated on both untreated agar (control)
and agar impregnated with PCNB, TCNB or DCNA. They
were then scored for resistance by measuring their mean
increases in diameter over a period of 6 days. 13
days after the plates inoculated with mixtures of spores
had been incubated, when the colonies had already formed
spores, the spores were scored for resistance by the

dilution plate technique. The results obtained are
given in Table 23.
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Table 23

Estimation of the proportion of spores produced by hetero-
karyon between parent and T(imp-r) or D(imp-r) strains of
Botrytis cinerea which gave rise to_resistant colonies

Total no. of colonies and percentage of
resistant colonies

Type of Type of Treatment
heterokaryon colonies CONTROL TTo3 TCNB DCNA
Parent spores ! R - 0 0 0
alone S - 1103 uho 31
Total 112 1103 LLo 31
% R - 0,00 0.00 0.00
Parent + R - 8L 33 38
7(imp-r S - 8Ll 185 62
(Pa/T-r
Total 705 928 218 100
% R - 11.9 L‘-.l68 5.’-‘-
Parent + R - 150 106 88
D(imp~-r S - 295 220 179
(Pa/D~-r
Total 628 Lh5 326 267
% R - 23,8 16.8 | 14,0
R = number of resistant colonies observed
S = number of susceptible colonies observed

Total= total number of colonies observed
% R = percentage of the total number of

colonies which were resistant.
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These results showed again that the number of parent
sporcs which gave rise to colonies on impregnated
agar, all of which colonics were susceptible, was
small compared with the number of colonies in the
control plates.

The percentages of resistant colonies ob-
tained from inoculations with spores of heterokaryons
were based on the total number of colonies observed
in the control plates and not just on the number of
colonies formed on agar impregnated with fungicides.
As was seen in the results recorded ~m page 105
the number of colonies developing from 'resistant'
spores obtained from the T(imp-r) and D(imp-r) strains
was very similar to the number of such spores forming
colonies on the control plates. Such numbers, how-
ever, may be very few compared with the total number
of spores these resistant strains produced, but they
gave a fairly correct value of the number of fviable'
spores. If the heterokaryons had produced both
'resistant' and 'susceptible' spores, the number of
'resistant' spores which formed colonies in the control
. plates would be about the same as those which formed
colonies on plates containing agar impregnated with ¢

either TCNB or DCNA. Since 'resistant' and
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'susceptible' spores did not appear to interfere

with the development of each other, it could be assumed
that most of the viable spores produced by the hetero-
karyons were of the susceptible type. The results

on measurement of the linear growth of the hyphae

of the heterokaryons showed that the hyphae were re-
sistant to treatment with fungicide. This was per-
haps to be expected; any 'resistant factor' in the
mycelium of the heterokaryon would allow it to grow

in the presence of fungicide.

3.4 Sunmary of results on the determination of the

proportion of 'resistant' spores produced by parent

and resistant strains of BotrYtis cinerea

All the spores produced by parent strain
gave rise to colonies which were susceptible to treat-
ment with fungicides; such colonies may later develop
resistant saltants. It did not matter whether such
spores were formed in the presence or in the absence
of fungicides. When spores were formed by the vapour-
resistant strains in the absence of fungicides, about
50 per cent of such spores gave rise to 'resistant'’
colonies, and the rest formed susceptible colonies.

The proportion of 'resistant' spores was progressively

reduced at each successive spore generation.,
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When vapour-resistant strains formed spores
in the presence of the vanour of fungicides, such
spores gave rise only to 'resistant' colonies. Such
spores may, however, not be all viable in the D(vap-r)
strain. Spores formed by the impregnated-resistant
strains gave rise only to resistant colonies, whether
these spores were formed in the absence or in the
presence of fungicides; only a small proportion of
such spores in the T(imp-r) and D(imp-r) strains,
however, were viable, When heterokaryons were formed
between the parent and the T(imp-r) or D(imp-r)
strains, by allowing a mixture, in equal proporfion,
of their spores to form colonies, their mycelium ap-
peared to be resistant to fungicides, but most of the
spores they produced were of the 'susceptible' type,
only about 5-12 per cent (Pa/T-r heterokaryon) and
14-2l per cent (Pa/D-r heterokaryon) of such spores
were of the resistant type. Spores of parent and
resistant strains did not appear to interfere with
the development of each other when they were mixed
together.

3.5 Experiments on spore germination

The germination of spores of parent and re-

sistant strains of Botrytis cinerea in the presence
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or absence of fungicides was invesiigated. Spore
suspension of the desired strain, with a final con-
centration of about 50,000 o sres per ml., was pre-
pared after washing with sterile distilled water by
centrifuging. Germination was recorded in all cases
2ly hours after incubation at 21°G. These experiments
will be considered under various sections; any ex-
perimental details will be discussed in the mopropriate
section,

A. Germination of spores of parent strain in the

presence of the vapour of PCNB, TCNB and DCNA

Coverslips of diameter 1", were fixed with molten
Vaseline to slides which were then placed either in
moist incubating chambers - plastic boxes lined all
over on the inside with damp blotting paper -, or
on plain agar in petri dishes on the lids of which
10mg. PCNB, TCNB or DCNA had either been deposited,
or not.

Plates of nutrient and plain agar were also
prepared which were either exposed, or not, to the
vapour of fungicides, but in which slides with cover-
slips were not vlaced, Some of these agar plates
were exposed to the vapour of fungicides for specified

periods of time belfore they were used for spore germination
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experiments, When it was desired to study spore
germination in the presence of vapour of fungicides,
0.05ml,., of spore suspension was placed without spread-
ing, on the coverslips or directly on the surface of
agar, and incubated for 24 hours in the presence or
absence of vapour of fungicides, before germination
was recorded. The results obtained are given in
Table 2.4,

Table 24

Germination of spores of parent strain of Botrytis cinerea in
the presence of the vapour of PCNB, TCNB or DCNA

Time after exposure of Percentage Inhibition of Germination

agar to vapour of Treatment
fungicides (days) Control TR TCNB DCNA
0 0.0 0.0 55.7 0.0
5 - 0.0 56.0 0.0
10 - 0.0 55.9 0.0
15 - 0.6 56.1 1.0
35 - 0.0 60.0 7.0

These results have been expressed as percentage in-
hibition of germination and the figures were based

on zero for inhibition of germination in the controls,
To estimate germination, three individual counts of
spores from each of three replicates in at least two

separate experiments were made,
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All the spores germinated in the presence
as well as in the absence of the vapour of fungicides,
even when agar had been exposed to the vapour of fungi-
cides for several days before the drop of spore sus-
pension was placed on it. The only exception was
the vapour of TCNB which inhibited spore germination
by about 55 per cent. But even here, most of the
spores which did not germinate did develop germ tubes
which, however, were not long enough to regard them
as evidence of germination. It appeared then that
the vapour from 10 mg. of PCNB or DCNA had no effect
on spore germination; germ tubes formed in the pre-
sence of vapour of fungicides were, however, much
shorter than those formed in thelr absence. When
agar was exposed to the vapour of fungicides for 15
days before inoculation with spore suspension, the
amount of fungicide which dissolved in agar did not
affect the results on germination of spores, except
for DCNA after 35 days. There was no inhibition of
spore germination in drops of spore suspension which
were placed on coverslips instead of on agar, and

which were incubated under the same conditions,
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B. Germination of spores of parent strain of Botrytis

cinerea in water suspensions of PCNB, TCNB and DCNA

Samples of spore suspension, about 100,000 spores per
ml.,, were mixed separately with equal volumes of
graded series of suspension of fungicides in water so
that the mixtture contained spores at 50,000 spores
per ml. in suspension of fungicides in water ranging
from 1 p.p.m. to 4OOO p.p.m. of PCNB, TCNB or DCNA.
0.05ml, of these spore-fungicide mixtures were then
pipetted on coverslips on slides incubated in moist
chambers for 24 hours.

There was no inhibition of germination in
suspensions containing either PCNB or TCNB up to L4OOO p.p.m.
Inhibition of germination in suspensions containing
25, 50, 100, 250, 500, 1000, 2000 and 4000 p.p.m.

DCNA were 22,0, 0.6, 1.0, 9.3, 18.3, 15.0, 1.3, and

3,9 per cent respectively. The results showed that
when spores of parent strain were mixed with suspension
of fungicides in water up to 4OOO p.p.m., only DCNA
inhibited germination very slightly. In one of

the experiments, DCNA did not inhibit spore germination
at all at any of the concentrations in which it was
used, Troco~hen series of experiments, the spore-

fungicide mixture was inoculated on plain and nutrient
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agar, instead of on coverslips. Hcre again, there
was no inhibition of germrination a2t concentrations up
to 1000 p.p.m. of fungicide. PCNB at 4000 p.p.m.
and TCNB at 2000 p.p.m. inhibited germination by

13,0 and 21.6 per cent respectively, but DCNA at

LOOO p.p.m. inhibited germination by 90%, on plain
agar, DCNA at 2000 p.p.m. had no effect on germination,
These results were similar to those obtained when
drops of spore~fungicide mixtures were placed on
coverslips, namely, the fungicides PCNB, TQNB and
DCNA had no effect on germination of spores of parent

strain of Botrytis cinerea when they were mixed with

spores in water suspension containing up to 2000 p.p.m.
of fungicide.

C. Germination of spores of parent strain of Botrytis

cinerea on agar impregnated with PCNB, TCNB or DCNA

Plates of plain and nutri:nt agar, impregnated with
PCNB, TCNB or DCNA at various concentrations, were
prepared. In some of the plates, agar was impregnated
with acetone solution, instead of water suspension,

of fungicides. Such plates contained 5.0 per cent,
1.0ﬁl. in 20ml. agar, of acetone. 0.05ml. spore sus-
prension were placed on the plates before incubation

for 24 hours at 21°C. The results obtained are re-

corded in Table 25,
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In these results,

N(o) = nutrient agar impregnated with water suspension
of fungicide

N(Ac) = nutrient agar impregiated with acetone solu-
tion of fungicide

P(Ac) = plain agar impregnated with acetone solution
of fungicide

and treatment with fungicides at concentrations of

O p.p.m. were the control plates in which there was

no fungicide, but which contained 5 per cent acetone

in treatments in which acetone was added.



Table 25

Germination of spores of parent strain of Botrytis cineren on agar impregnated with PCNB,

1 TCNB_or DCHNA.

Concentration of Percentage Inhibition of Germination
fungicide Treatment
| (p.p.m.) PCNB TCNB DCIA
| (o) N(Ac) P(ac) N(o) N(Ac) P{Ac) N(o) ©N{Ac) P(Ac)
0 0.0 9.3 3.0 0.0 9.3 3.0 0.0 9.3 3.0
1 0.0 9.6 4.8 0.0 27.0 66,0 0.0 22.7 16.0
2 0.0 16.7 6.5 0.0 7h.3 9L.3 0.0 Tl -
5 0.0 L3.0 L6.9 0.0 85.0 85.7 0.0 SL.0 elh.6
10 0.0 34,3 48.0 45,1 76.7 97.0 97.3 9L.5 97.C
25 0.0 27.7 47.8 79.6 83.6 98.0 99.5 S5.5 100.C
50 0.0 74.7 L49.3 86.6 856.3 98.5 99.5 96.3 100.C
100 0.6 66.7 49.5 85,8 89.3 98.0 96.7 96.5 100.9
250 0.0 43.0 55.9 90.3 90.0 S8.0 100,0 98.5 100.0
500 0.0 87.0 75.0 9.3 91.0 $8.8 100,0 100.0 100,0

42t
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These results illustrated the high activity of the
fungicides when they were impregnated in agar. DCNA
more or less completely suppressed germination of

the spores when it was impregnated at concentrations
of 10 p.p.m. or more; TCNB very effectively sup-
pressed germination at a concentration of 25 p.p.m.
or more, PCNB did not prevent germination of spores
when it was impregnated in agar; the germ tubes,
however, were very short indeed at concentrations
above 100 p.p.m.. There was no doubt that impreg-
nation of the fungicides with 5 per cent acetone
increased their activity against the spores of

Botrytis_cinerea; this is particularly true of PCNB

when it inhibited germination up to 87.0% in nutrient
agar, and up to 75 per cent in plain agar; TCNB

which was not active up to 10 p.p.m, without acetone
inhibited germination of 9L per cent of spores when
acetone was present; DCNA at 5 p.p.m. with acetone
inhibited 94 per cent of the spores; 1t had no effect
on spore germination at this concentration without
acetone. Apart from results with TCNB at concentra-
tions up to 500 p.p.m., there was not much difference
in activity ot fim~*r~ide~ whether they were impregnated,

with acetone, in plain or in nutrient agar.
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D. Germination of spores of parent strain of Botrytis

cinerea when spores were mixed with the fungicides

PCNB, TCNB and DCNA, suspended in media other than

plain water

The bilg difference in activity. expressed as percen-
tage inhibition of germination of spores, of the fungi-
cides, particularly TCNB and DCNA, when they were
suspended in water and when they were impregnated in
agar, was very striking indeed. Experiments were
devised to investigate how active these fungicides
would be if they were suspended in liquid agar or other
media rather than in watcr, 0.1 per cent was found

to be the highest concentration of agar in water which
would give a suitable liguid medium on cooling after
steaming in a steam bath. Agar, fungicide suspension
in water, and spore suspension were prepared at three
times the required concentrations, When the agar had
cooled to about uOOC., all three substances were mixed
in equal volumes such that their final concentrations
in the triple mixture were: agar, 0.1%; spores,
50,000 per ml,, fungicides, a range from 1 to 500 p.p.m.
0.05ml, of the mixture were then placed on coverslips
and incubated for 24 hours at 21°C. in humid chambers.

Other experiments were set up in which 0.1 per cent
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solutions of the following substances in water were
substituted for agar: (i) Pectin (ii) Gelatine (iii)
Carboxymethyl cellulose (C.M.C.). Some¢ preparations
of media had 5 per cent acetone added to them.

The results obtained are recorded in Table 26.



Table 26

Germination of spores of parent strain of Botrytis cinerea when spores were mixed with

PCNB, TCNB and DCNA suspended in 0.1 per cent solutions of agar, pectin, gelatine,

or

carboxy-methyl-cellulose (C.M.C.)

For convenience of presentation, results obtained of treatments with (i) PCNB (ii) TCNB

and (iii) DCNA, are given separately. |
(i) PCNB treatment

62T

Medium Percentage Inhibition of Germination
(0.1% solution in Concentration of PCNB in mixture (p.p.m.)
water) 0 1 2 5 10 25 50 100 250 500
Water alone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Water + 5% acetone 9.3 13.6 - 1L.3 - 23,3 - L6.5 67.3 69.0
Agar alone 7.0 39.6 32.5 L41.7 38.3 32.3 U43.8 52.3 55.8 76,9
Agar + 5% acetone 12.3 36.5 - 36,7 - L6.9 - 8.2 68.0 69.3
Pectin alone 0.0 0.0 0.8 1.7 1.0 1.0 1.6 2,0 1.8 2.3
Pectin + 5% acetone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gelatine alone 8.3 17.2 - 50.0 - 78.6 - 83.0 - -
Gelatine + 5% acctone 8.3 15.3 - 60.7 - 76.3 - 80.0 - -
! CoNInCo alone 3.7 6‘3 - 16.3 - 2100 - 31-7 - -
E.M.C. + 5% acctone 3.3 14.3 - 13.0 - 45,3 - 50.0 - -




(ii) TCNB treatment

Medium Percentage Inhibition of Germination
(0.1% solution in Concentration of TCNB in mixture (p.p.m.)
water) 0 1 2 5 10 25 50 100 250 500
Water alone c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Water + 5% acetone 9.3 9.6 - 19.0 - 16,3 - 92,0 100.0 100.0
Agar alone 6.7 34.8 35.8 32.8 38.7 70.0 72.7 72.3 97.7 98.0
Agar + 5% acetone 12.3 13.7 - 13.0 - 33.0 - 72.7 98.0 99.0
Pectin alone 0.0 0.7 2.3 0.9 L.3 2.9 5.7 9.5 83.3 91l.L4
Pectin 5% + acetone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 68.8 70.9
4 Gelatine alonec 8.3 14,0 61,0 62,7 61.7 60.5 55.0 60.8 76.3 78.9
Gelatine + 5% acetone 8.3 1h4.2 58.5 61.9 62.3 59.5 f0.L4L 63,1 70.8 79.3
C.M.C. alone 3.7 17.2 22,9 23.0 21.5 27.0 19.2 21.7 26.8 6C.0
C.M.C. + 5% acetonc 3.3 18.3 22.8 20.5 21.6 24.8 21,8 22.4 26.9 58.3

0¢T



(iii) DCNA treatment

T¢T

Medium Percentage Inhibition of Germination
(0.1% solution in Concentration of DCNA in mixture (p.p.m.)
water) 0 1 2 5 10 25 50 100 250 500
. Water alone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
. Water + 5% acetone 9.3 10.0 9.0 7.0 - 773 - 88.0 90,0 93.0 j
f Agar alone 6.7 16.0 - 29.6 - 60.6 - 71.0 97.0 97.0 i
 Agar + 5% acetone 12.3 16.0 - 26.6 - 69.6 - 51.2 @83.3 100.0 |
!7 Pectin alonc 0.0 0.7 0.7 1.0 1.0 6.7 9.7 6.0 71.3 79.5 i
| Pectin + 5% acetone 0.0 0.0 0.6 L.6 L.l L.6 L,6 L.6 69.9 T79.4 i
Gelatine alone 8.3 11.9 60.9 61.8 66.0 71.6 82,5 86.3 94.8 100.0 :
Zelatine + 5% acetone 8.3 10.8 61.6 60.7 67.1 9.3 78.5 81l.4 85.6 93.4 |
C.M.C. alone 3,7 15.7 28.8 20.7 35.7 U43.0 L.l 66.2 82,2 90.0 |
3COM.C. + 5% acetone 3.3 14.5 21.3 28.5 39.3 Lh.9 4.8 61.3 79.4 88,2
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These results showed that there was no difference in
activity of PCNB, TCNB and DCNA when they were suspen—
ded in plain water or in dilute solution of pectin in
water, except at concentrations of 250 p.p.m. Oor more
when TCNB and DCNA, suspended in pectin, inhibited

the germination of more than 50 per cent of the spores.
The addition of 5 per cent acetone to water or to pec-
tin solution improved the activity of these fungicides
in water especially at concentrations above 25 p.p.m.,
but not in pectin.

When they were suspended in a solution of
carboxy-methyl-cellulose (C.M.C.), PCNB, TCNB and DCNA
showed some antifungal activity in preventing germina-
tion of spores, enrpecially at concentrations above
100 p.p.m,; addition of 5% acetone to this medium did
not significantly improve their activity. The most
significant results were observed when these fungicides
were suspended in 0,1% solution of agar or gelatine
in water. PCNB inhibited the germination of 50 per
cent or more of the spores when 1t was suspended in
agar at concentration of 100 p.p.m. and in gelatine
at 5 P.P.Meo TCNB and DCNA in agar at 25 p.p.m.
or in gelatine at 2 p.p.m. inhibited the germination
of spores,

The germ tubes were very long and normal
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at all concentrations in water, pectin and carboxy-
methyl-cellulose, and at concentrations up to 5 p.p.m.
in agar and gelatine; they were short at higher con-
centrations in agar and gelatine; some of the 'un-
germinated' spores in carboxyl-methyl cellulose did
develop short germ-tubes.

E. Germination of spores of resistant strains of

Botrytis cinerea,

Germination of spores produced by vapour- and im-
pregnated resistant strains was not inhibited by the
vapour of PCNB, TCNB or DCNA, When the spores pro-
duced by impregnated-resistant strains were allowed
to germinate on agar impregnated, at 500 p.p.m, with
the fungicides to which the colonies which produced
the spores were resistant, inhibition of germination,
if any, was always less than 1.0 per cent during 24
hours after incubation. Theee 1s a suggestion here
that, in view of the fact that many of these spores
did not give rise to colony on agar (pagel07), most
of the spores germinated and then stopped growing be-

fore visible colonies could be formed.

3.6 Summary of results on germination of spores
Germination of spores of parent strain of

Botrytis cinerea was not inhibited in the presence of
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the vapour of PCNB or DCNA; it was inhibited by the
vapour of TCNB by about 50 per cent during the first
2L hours; most of the srores, however, germinated
later, PCNB, TCNB and DCNA did not inhibit germinstion
when they were suspended in water, or in pectin, or
in carboxy-methyl cellulose; but they strongly in-
hibited germination when they were suspended in a
0.1 per cent solution of agar or gelatine. The greatest
inhibition of germination occurred when the fungicides
were impreghatced in agar.

Germination of spores of resistant strains
was not affected by the fungicide to which the colonirns
which produced the spores were resistant.

3.7  IExperiments on sporulation

Resistant strains of EBotrytis cinerea either

did not produce spores or produced very few spores in
comparison with the parent strain when they were grown
on glucose-casein-hydrolysate agar. They were then
grown on other media, described on pages 22 - 24
under 'materials and mzsthods', to find out which of
these media would be suitable for their sporulation,
In one set of experiments, the different
strains were grown on the various media in the absence

of fungicides; 1in ano*ner =se¢t of experiments, they
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were grown on glucose-casein-hydrolysate agar medium
alone in the presence of fungicides.

In order to estimate the number of spores
produced in a culture by any of the strains, sterile
distilled water was added to a 12-day old culture in
a Petri dish and the surface was gently rubbed with
a glass rod to free any spores produced from the myce-
lium. The suspension was poured into a beaker.

After 3 further and similar treatments, all the sus-
pensions from the Petri dish were filtered through a
double layer of muslin, centrifuged and resuspended
in either 2,0ml., 5.0ml., or 10,0ml, water, depending
on the amount of spores obtained. The number of
spores produced per plate was then estimated by
haemacytometer counts., The mean of five estimates
was then taken as the number of spores produced per
plate by the strain. A comparison was then made of
the number of spores produced by the different striins.
The results obtained on sporulation of the different

strains are as follows:
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(a) Proportion of spores produced. on glucose-casein

hydrolysate agar by strains of Botrytis cinerea in the

absence of fungicides

Strain Parent Pvap-r Pimp-r Tvap-r Timp-r Dvap-r Dimp-r

Proportion
of spores 500 5.0 L.l 0.9 0.3 10.1 7.2

(b) Sporulation of parent and resistant strains of

Botrytis cinerea on voriov~ agar media

Medium Parent Pvap-r Pimp-r Tvap-r Timp-r Dvap-r Dimp-r

Glucose- I

casein

hydroly- )

sate +++ + ++ + + ++ ++
V-8 juice | +++ + ++ + + ++ ++
Potato- -

dextrose +++ + ++ + + ++ ++
Potato-

extract +++ + ++ + + o+ ++
Corn meal + - - - - - -
Oat meal + - - - - - -
Glucose

peptone +++ - + + + + +
Czapek-Dox | +++ . + - - - + +
Malt + - - - - - -
Starch 4+ + + - - + +

+++ means very good sporulation; ++ means sporulation was
fair (1.2 to 5% of spores recorded for parent strain in
glucose casein hydrolysate.) + means sporulation was very
sparse ( 1% of spores recorded for parent). - means
sporulation was not observed.
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(c) Sporulation of parent and resistant strains of Botrytis

cinereca on glucose-casein hydrolysate agar medium in the

prescnce of fun~icides

Treatnent on agar
Fungicide used as Fungicide impregnated
vapour
Strain Control PCNB TCNB DCNA  PCNB TCNB  DCNA

Parent + - % - + - - +
Pvap-r + L+ - + + - +
Pimp-r + + - + + - +
Tvap~-r + - + - - + +
Timp-r + i - + - - + +
Dvap-r + | - - ; + - - 4
Dimp-r + - - | + - - +
!

+ means sporulation, whether sparse or profuse,
was observed.

- means sporulation was not observed.

These rcesults show that ¢ orulation of the resistant
strains was very sparse compared with that of the parent
strain, in the absence of fungicides. This is par-
ticulerly true of the TCNB vapour- and impregnated re-
sistant strains which did not produce any spores in most
of the plates. Spmorulation of the resistant strains
was not improved by exnosure of cultures to X-ray.

A1l sitrains sporulanted on
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agar impregnated with DCNA, though only fairly well

in the case of PCNB~ and MCNB-resistant strains. The
TCNB- and PCNB-vapour resistant strains sporulated

only very sparsely and infrequently when the respective
fungicides were impregnated in agar. The PCNB- and
TCNB-impregnated resistant strains sporulated better

in the presence of the vapour than on agar impregnhated
with the respective fungicides; sporulation here, too,
however, was very poor indeed compared with sporulation
of parent strain in the absence of fungicides. The
parent, D(vap-r) and D(imp-r) strains sporulated well
on agar exposed to the vapour of DCNA.

4.0 Determination of pathogenicity

Pathogenicity was determined by inoculating
detached lettuce leaves with spores or mycelial plugs
of the parent and resistant strains, Flattish leaves,
about 2-3 inches long, reroved from young lettuce
plants, were washed first in tap water and then in
distilled water; any water left on the surface of the
leaves was removed by gently drying leaves between
sheetings of blotting paper, care being talken to keep
the leaves from drying out; the leaves were then wounded
by pressing the smooth, rounded end of a small glass

rod, about ,2cm, diameter, on their surfe-e. Five
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such wounds were made on each half of a leaf, The
leaves were then placed on bent glags rods in moist
chambers (plastic boxes lined internally on all sides
with demp blotting paper).

When mycelial plugs were used for inoculation,

parent and resisian’ strains of Eotrytis cinerea were

allowed to grow for three days on glucose-caseln hyd-
rolysate agar which contained only 1/20 of the strength
of nutrients used in the normal medium, Mycelial

discs, about O.lcm. in diameter, were then removed

from the cdges of the colonies and placed with the
mycelial surfaces downwards, on the wounded 'spots'

on the leaves. When spores were used for inoculation,
spore susgspensions, about 100,000 spores per ml., of

the different strains, were prepared and, with an Agla
syringe, exactly 0.005ml. of the spore suspension,
containing about 500 spores, were dropped on each wounded
'spot'. After inoculation, the leaves were incubated
in moist chambers for 4, 5 or 6 days; the number of
'spots' in which lecions developed were then counted
for each strain. Inoculation by spraying spores sus-—
pended in water or in 0.5 per cent glucose solution on

to growing plants was not done because of the very

small nuvaber ol sper7ts procduced by resistant strains,



141

When mycelial plugs were used for inoculation,
rot lesions developed in 4 days on all spots inoculated
with parent or resistant strains; these lesions were
mostly of the fast spreading type, and by the 6th day
after inoculation, rot had spread to most of the leaf
surface in all cases. When spores were used for ino-
culation, rot lesions werc observed on leaves inoculated
with spores produced by parent and the three wvapour
resistant strains, Of the total -of 300 'spots' ino-
culated with spore suspension of each of the strains,
rot lesions developed on 219 inoculated with spores of
parent strain, and 218, 242, and 290 inoculated with
spores of the PCNB-, TCNB- and DCNA-~ vapour resistant
strains respcctively. Rot was observed earlier (in
3 or 4 days) in leaves which were inoculated with
spores of parent and D(vap-r) strains, than in those
inoculated with spores of thc other two strains (5
days after inoculation).  About 4C-50 per cent of the
rot developed on leaves inoculated with spores of
P(vap-r) and T(vap-r) straine, about 70 per cent on
leaves inoculated with parent strain, and about 85
per cent on leaves inoculated with D(vap-r) strain,

were of the fast-zirzoding Sype.
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It would appear then from these results that
spores produced by the vapour-resistant strains were
as pathogenic to lettuce as were those produced by

parent strain of Botrytis cinerea, the spores of the

D(vap-r) strain being even slightly more pathogenic
than those of parent strain, This was perhaps not
unexpected because about 50 per cent of such spores
produced by vapour resistant strains have been shown
to behave like spores of the parent type (page 95 ).
Pathbgenicity of the spores produced by imp-
regnated resistant strains was not so easily deter-
mined, About 35 to 30 per cent of the 'spots' ino-
culated with these spores developed typical Botrytis
rot lesions, most of which were, however, not of the
fast spreading type; about 50 per cent formed rot
lesions which soon dried up and did not develop any
further. Lesions were not observed in the remaining
spots (about 15-20 per cent). The results obtained
from inoculations with spores of the P(imp-r), T(imp-r)
and D(imp-r) strains were similar. It is not known
whether these results meant that spores of the impreg-
nated resistant strains were non-pathogenic or wecakly
pathogenic when they were compered with spores of parent
strain, or that only very few of them formed mycelium
(as suggestcd on page 107) so that the actual level of

inoculum was not high enough to form well-developed rot

lesions,
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VI DISCUSSION

This investigation has shown that the degree
of fungistatic activity shown by PCNB, TCNB and DCNA

against Botrytis cinerea depended on the method of

application of these substances. When they were ap-
plied in the vapour phase, the effect of PCNB, TCNB

and DCNA on Botrytis cinerea was mainly fungistatic

on the mycelium of the fungus; they did not prevent
germination of spores, but retarded the growth, of

the fungus, which became adapted to them by producing
either non-saltant mycelium, 'hyphal variants', with

a higher growth rate, or resistant saltnnts, with na
much higher growth rate, than that of the parent iso-
late, in the presence of the vapour of these fungi-
cides. When they were impregnated in agar, PCNB, TCNB
and DCNA became more actively fungistatic. They pre-
vented spore germination, inhibited the formation of
colonies from spore inocula, and retarded the growth
of the fungus more effectively than the same amount

of substance used in the vapour phase,

Resistant strains of Botrytis cinerea which

were obtained in the presence of the vapour, or the

impregnated, phase of any of the substances were also
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resistant to the other phase of the same substance,
and all resistant strains retained their resistance
after they had been growth for a long time, and
through many non-sporing generations, in the absence
of fungicides.

Resistant strains which were produced in the
presence of the vapour of these substances sporulated
very little, or not at 2ll in certain cases, when they
were grown in the absence, or in the presence, of
fungicides, and only about one half of the spores they
produced were resistant in the sense that on germina-
tion, they gave rise to colonies wﬁich were resistant
in the presence of the vapour of fungicides; +the other
half were not resistant, and the proportion of resis-
tant to non-resistant spores became progressively re-
duced at subsequent spore forming generations.
Resistant snltants which were produced on impregnated
agar formed only resistant spores in the presence or
absence of fungicides, but these spores, as well as
those produced by vapour-resistant stroins in the pre-
sence of fungicides, which were also 211 resistant,
appeared not to be all viable, only about one half or
less of them were capable of forming colonies on ino-
culation on agar. These, and other results obtained

will now be considered more fully.
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When young mycelial discs or spores of

Botrytis cinerea were used for inoculation on agar,

the production of resistant strains in the presence

of PCNB, TCNB and DCNA depended upon the ability of
the inoculum to survive the initial period of treat-
ment, When the fungicides were applicd in the vapour
bhase, there did not appear to be much difficulty on
the part of the inoculum to survive this initisl per-
iod at the level of application (1lOmg.), of the fungi-
cides., Shores germinated in the presence of the
vapour of PCNB, TCNB and DCNA, and the number of
colonies which were produced from spores inoculated
on plates exposed to the vapour of PCNB, TCNB or DCNA,
was similar to the number on the control untreated
plates, although colonies appeared earlier on control
than on treated plates, the longest period for ap-
pearance of colonies being observed in plates which
were exposed to the vapour of TCNB. This was perhaps
a reflection of the longer time it took spores to germ-
inate on plates exposed to the vapour of TCNB than on
other plates, and the greater activity of TCNB on

growth of colonies of Botrytis cinerea. When young

mycelial discs were used for inoculation, inocula were

also ~2ble to survive this initial period; the lag
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period before growth was observed varied with the
fungicides, being longesl with cultures exposed to the
vapour of TCNB; sooner and later, however, the fungus
responded by producing either non-saltant hyphal
variants, or resistant saltants. The response of the
fungus to the vapour of fungicides was similar when
spores or mycelial discs were used for inoculation,
but it seemed that the appearance of resistant salt-
ants was less freguent when spores, rather than myce-
lial discs, werc used for inoculation. Priest (1960)
observed that with PCNB and TCNB, the lag phase and
time for appearance of resistant saltants of Botrytis
allii, in cultures which had grown before they were
introduced to the vapour of fungicide, was reduced
compared with those cultures wh~re the fungicide was
introduced immediately after inoculation, In other
words, the vapour of PCNE and TCNB had less effect

on established colonies of the parent isolate of B.
allii than on newly-inoculated cultures, A similar
explanation may be put forward for this difference in
the effect of the vapour of the fungicides on colonies
which were raised from spores or from mycelial disc

inocula in the prcconce of the vapour of fungicides.



147

Resistant saltants were observed less frequently

in plates inoculated witl. spores and exposed to the
vapour of DCNA, than in plates exposed to the vapour

of the other fungicides. Colonies which developed
from spores in the presence of DCNA almost always sporu-
lated very well as soon as they attained diameters of
about 0,5 to 0.7 cm,; then linear growth appeared

to stop and resistant saltans werc hardly formed from
such colonies after they had sporulated. No spores
were formed by the parent strain growing in the pre-
sence of PCNB and TCNB. The greater vapour-phase
activity of PCNB and TCNB could not alone have been
responsible for suppression of sporulation in Botrytis
cinerea, because very slow-growing colonies of parent
strain on agaf impregnated with DCNA, which showed
much greater activity than PCNB or TCNB in the impreg-
nated phase, were observed to form spores. Suppression
of sporulation by “CNB and TCNB must be an effect
peculiar to these substances. Spores which were
formed by the parent strain in the presence of the
vapour of DCN4A were similar in every observable respect
to spores which were formed in the absence of fungi-
cides, Exposure of spores of parent strain to the

vapour of DCNA did not appear to affect the subsequent
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behaviour of the spores. A similar result with vapour
of TCNB was obtained by Reavill (1954) who showed

that spores of parent isolate of Botrytis cinerea

which had been exposed to the vapour of TCNB for 58
days did not show any difference in germination,
hyphal morphology and sporulation of colonies pro-
duced from them, to spores which were not exposed to
vapour of TCNB.

When PCNB, TCNB and DCNA were impregnated
in agar, they were more effectively fungistatic than
the same amount of substance used in the vapour phase;
and the intensity of their activity depended on the
concentration of fungicides used. PCNB almost had
no effect on spore germination when it was impreg-
nated up to a concentration of 500 p.p.m. in agar;
almost all spores of the parent strain germinated at
these concentrations of the fungicide, although their
germ tubes were very short, compared with those of
untreated spores. When spores were inoculated on
agar which was impregnated with PCNB, the number of
colonies which appeared on plates at different con-
centrations of PCNB from 1 to 500 p.p.m. were simiar
to the number on the untreated control plates (page 109.
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TCNB and DCNA behaved differently from PCNB. When

it was applied at a2 concentration of more than 10 p.p.m.,
TCNB inhibited the germination of about 80 per cent

of spores of parent strain, and DCNA at concentrations
above 2 p.p.m. gave almost 100 per cent inhibition of
germination. The average number of colonies which
were formed when spores of parent strain were inoculated
on agar impregnated with TCNB or DCHA was correspond-
ingly reduced. At concentrations of TCNB of O to

10 p.p.m., and of DCNA at O to 2 p.p.m., the average
number of colonies formed on inoculated plates was
similar to the number formed on the control, untreated
plates; but at TCNB above 10 p.p.m., the average
number of coclonies formed up to the highest concentra-
tion, 500 p.p.m., used was similar, being only about

9 to 10 per cent of the number formed in control
plates, and the number formed on plates which con-
tained above 2 p.p.m. DCNA was only about 4 to 5 per
cent of the number formed in the control, untreated
plates. There was thus a direct relationship between
spore germination and colony-formation on agar which
was impregnated with TCNB above 10 p.p.m.; and with
DCNA above 2 P.PeMes The spores of the parent strain

which did not form colonies or plates impregnated
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with TCNB or DCNA could only have failed to germinate;
if they had germinated later, which was most unlikely
- because in some experiments on germination, spores
did not germinate on plates inpregnated with DCNA even
16 days after incubation - then they must have produced
germ tubes which quickly stoppe:. growing before they
could form rudimentary mycelium. It appeared then
that when TCNB or DCNA were impregnated in agar, there
was a critical concentration, different for TCNB or
DCNA, at which the fungicides showed activity which
was high enough to prevent spore germination, Below
this critical concentrations, their effect was mainly
fungistatic on the mycelium of the fungus,

There was a close similarity between the sets
of results obtained from dilution plate inoculations
of impregnated agar with spores (pagel09), and the
results on the linear growth of colonies on agar im-
pregnated with fungicies (page7L ), in which concen-
trations of TCNB above 10 p.p.m. and of DCNA above
5 p.p.m. completely suppressed growth of inocula at
least during the first six days of incubation, In
plates which were impregnated with 250 p.p.m. and
500 p.p.mn. LCNA, or 500 p.p.m. TCNB, some inocula did

not show any linear growth even after thirty days,
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after which period the plates were discarded,
Unfortunately, such inocila, whether they wcre mycelial
discs which showed no growth, or spores which failed
to form colonies, at high concentrations of TCNB and
DCNA, were not transferred later to untreated agar
to determine whether they were still viable or not.
When spores of parent strain were germinated
in water suspensions of PCNB, TCNB or DCNA, there was
no inhibition of geramination even at L4000 p.p.m. of
the fungicides. But when these fungicides were imprreg-
nated in plain or nutrient agar, germination of spores
was greatly inhibited, almost completely, at certain
concentrations of fungicide, 25p.p.m. TCNB under this
condition inhibited germination by 80 per cent and
5 p.p.m. DCNA almost complet-’y inhibited germination
of spores. A similar result was obtained by Sharples
(1962) vth DCNA on Botrytis cinerea and by Weber
(1963) with DCNA on Rhizopus arrhizus., In all cases,
DCNA not only inhibited spore germination, but also
caused bursting of germ tubes in some of the few sporecs
vhich germinated. PCNB did not prevent germination
of spores when it vas imprernated in agar, although
the germ tubes wer~ -y zhort. Vhen PCNB, TCNB and

DCNA were suspended in dilute 0.1 per cent water
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solutions of agar and of gelatine, all the three
fungicides showed activity against spore germination.
PCNB at 5 p.p.m. in gelatine and at 100 p.p.m. in
agar, TCNB at 2 p.p.m. in gelatine and at 25 p.p.m.
in agar, and.DCNA at 2 p.p.m. in gelatine and at

25 p.p.m. in agar, inhibited the germination of more
that 50 per cent of spores of parent strain. The
reason for the highly increased activity of these
fungicides when they were impregnated in agar, or were
suspended in dilute solutions of agar or gelatine - a
process which was similar to impregnation - as shown
by their action against spore germination, 1s not
known. It is not merely the suspension of these
substances in media other than plain water that made
them so active; comparable inactivity was shown when
the same quantity of these substances were suspended
in dilute solutions of pectin and carboxy-methyl-
cellulose, Addition of 5 per cent acetone to the
suspending or impregnating medium, which improved

the activity of these substances in every other case,
did not have much effect on their activity when these
substances were suspended in pectin, Also, when

10 mg. of these substances were deposited on the lid

of a Petri dish, the vapour from it did not prevent
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germination of spores, whereas the same amount of
fungicide, 10mg., when it was suspended in 20 ml.
solutions of agar or gelatine, or when it was impreg-
nated 7 20 ml. agar, gave a concentration of 500 p.p.m.,
which was by a very long way in excess of the concen-
tration of TCNB or DCNA that was required to give

almost complete or even complete inhibition of germina-
tion.

Certain propositions may be put forward to
explain the apparent differences in behaviour and
activity of each of these fungicides when it was
used in the wvapour and impregnated phases. It is
proposed that the two most spectacular changes

which occurred in Botrytis cinerea, the production

of resistant saltants, and the formation of ‘'resis-
tant' spores, were two separate changes; that each
of them was the permanent, irreversible end point of
a series of other changes taking place in the organ-
ism, but which were temporary and reversible; that
each permanent change is induced to take place when
certain critical levels of concentrations of fungi-
cides were reached within the body of the organism.
There would thus be itwo critical levels of concentra-

tion of fungicides; the lower critical level would
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saltants and the upper critical level would induce
changes that lead to formation of ‘resistant' spores.
Because of the levels of concentrations of fungicides
required, any changes which produced ‘resistant’
spores must have already produced resistant saltants,
but the formation of resistant saltants would not
necessarily mean that resistant spores would be formed
unless the upper critical level of concentration of
fungicide were reached.

The concentration of fungicides actually
available at the seat (or seats) of toxic action within
the body of the organicm is not necessarily identical
with the concentration measured for fungicides in the
circumambient phase surrounding the organism. The
formnc ould normally be less than the latter unless
equilibria were rcached between the two phases - the
phase of toxic action within the organism, called the
'biophase', and the ~ternal surrounding phase in which
the fungicide is piresent. The concentration of fungi-
cide in the external phase would be governed by the
size of this phase, the vapour pressure and the solu-
bility af the fungicide, and its rate of dispersion

through the phase. In this and similar studies, the
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external phase, thet is the space between the 1id and
the bottom of the Petri dish, was a constant, because
20 ml, agar were always used and the Petri dishes were
always of the same size, Therefore the main factofs
affecting the concentration of fungicide in the ex-
ternal phase would be its vapour pressure, solubility
in the medium used, and its rate of dispersion through
the medium, Vapour pressure is the expression of the
distribution of a substance between the pure (or al-
most pure) solid or liguid phase, and its vapour;
solubility corresponds to the distribution between

the pure solid or liquid phase, and its saturated
solution, These definitions imply that when different
weights of the same substance, for example, 10 mg.

and 1 mg. samples, were deposited on the 1lids of Petri
dishes, the amount of substance escaping from the
vapour into the external phase and into the medium was
not necessarily a direct function of the quantity
deposited on the 1id of the Petri dish; similarly
when substances were deposited in a lguid medium,

the available substance might be different from the
amount put in, This may perhaps explain the results
obtained by Priest (1960) when he observed that the

vapour from 10 mg. PCNB or TCNB always showed greater
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activity on Botrytis cinerea than the vapour from

1.0 mg., whereas the calculations of Hewlett (1955)
showed that the amount of these substances needed

to saturate the air present in the Petri dish with PCNB
or TCNB was 5 x 10"5mg.. The suggestion here is

that distribution equilibrium between the solid and
the vapour was not reached at the 1.0 mg., level of
application of the fungicides during the period when
observations werc made; when 10 mg. of the fungicide
was used, morec matecrial was released to the space in
the Petri dish, hence greater activity. This view

is perhaps supported by the observation also of Priest
(1960) that when Petri dish lids were removed several
days after the fungicide had been deposited on them,
and wecre replaced on fresh bottoms, the vapour from
them still inhibited the growth of fungus.,

When the fungicides were impregnated in agar
or suspended in dilute solutions of agar or gelatine,
the chances were that these substances were more soluble
in such media than in plain water, and there was a
higher distribution equilibrium between the solid and
the saturated solution than when plain water was used;
in other words, more of the substance was available for

transportation to the 'biophase' when the fungicides
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were suspended in solutions of agar or gelstine, or
impregnated in agar, than when they were suspended
in plain water.

When these fungicides wercec used in the vapour
or impregnaeted phase in equal amounts, the actual guan-
tity of substance available for transportation to the
biophase would depend on whethcr the distribution
equilibrium of the substance between the solid and the
saturated solution on the one hand was greater than,
equal to, or less than the corresponding equilibrium
between the solid and the vapour. In other words,
it would depend on whether they were more soluble in
the medium used than they were volatile, DCNA is
the least, and TCNB the most, volatile of the sub-
stances used. TCNB is also more soluble in water
than PCNB. It was pnossible that when these sub-
stances were used in the vapour phase, the availzable
amount of TCNB which could move to the 'biophase'’
was rreatcer than the corresponding amounts of PCNB
or DCNA, in spite of the fact that equal weights of
the threec substances had been deposited on the 1ids
of Petri dish. This point alone, apart from any
specific intrinsic toxicity of the fungicide, would

give TCNB an advantage over the other two fungicides
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when they wcere used in equal weights in the vapour
phase, TCNB was always observed to be the most ac-~

tive of the three substances against Botrytis cinerea

when they were used in the vapour phase.

When these substances were impregnated in
agar or gelatine, it was possible that they were more
soluble in these media than they were in plain water.
Richardson and Miller (1960) determined the fungi-
static activity of certain insecticides, and found
that the dosage response curve for one of these in-

secticides, lindanc, against Rhizoctonid solani, had

a constant slope extending far beyond lindane solu-
bility in water. They attributed this to supersatura-
tion of the assay medium by lindanc. McGowan (1952,
1954) proposed the general theory that if undissolved
solids were present in an assay medium, it would be
possible to have 'contact toxicity' by which the ac-
tive compound actually dissolves the 'biophase', and
this would give rise to a biophase concentration of
the substance greatly in excess of that achieved by

an agueous partition. Eckert (1962) pointed out that
either one or both of these findings by Richardson

and Miller, and by McGowan, could explain the ED5O

values in excess of the solubility which he obtained
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for certain chlorinated nitrobenzenes, including PCNB
and TCNB, He stated further that several chlorinated
nitrobenzenes formed supersaturated solutions after
heating to 60°C. and then allowing these solutions to
return to room temperature, and that certain low-
melting compounds, including TCNB, formed persistent
oily dispersions in water following hcating to a

high temperature and then cooling to room temperaturs.
These were essentially the conditions under which imp-
regnated media were prepared, and solid particles of
PCNB and TCNB were almost always observed at concent-
rations of these substances above 100 p.r.m.; either
supersaturation, proposed by Richardson and Miller,

or 'contact toxicity' theory, proposed by McGowan
might explain the very high activity of PCNB, TCNB
and DCNA, when they were impregnated or suspended

in agar or gelatine. The point then is that when
PCNB, TCNB and DCNA were impregnated in agar, it was
possible that more substance was available for trans-
locations to, or actually reached, the biophase, than
when they were used in the wvapour phasc, If this
were so, the proposition now put forward is that when
these substances were used in the vapour phase, the

concentrations in the biophase were high enough to
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reach the lower critical level, suggestcd, which in-
duced in the organism permanent changes that led to
the formation of resistant saltants, but were not high
enough to reach the upper, suggested, critical level
that would induce changes leading to the production
of resistant spores. When the substances were imp-
regnated in agar, enough material was available to
allow the concentration of fungicide in the biophase
to reach the upper critical level. When the concen-
tration of substances in the biophasc were below the
lower critical level, it is suggestcd that the toxic
action of the fungicides on the fungus were governed
by a physical mechanism, for example, adsorption of
the toxic agent to certain cell surfaces, dissolution
of the fungicide in certain cell lipoids, coagulation
of certain proteins, and that such changes as were
produced in the organism were only of a temporary re-
versible nature, which were lost when the fungus was
grown in the absence of fungicides, These changes
could induce rcesponse in the fungus which led to the
slow growth of the colony or to the production of non-
saltant mycelium. Wihen the fungus was removed from
the vapour of fungicides, the toxic effect was lost

and growth was again normal. Reavill (1954) showed
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that when slow-growing mycelium of Botrytis cinerea

which have been exposed “o the vapour of TCNB were
removed to untreated agar, therec was a small carry-
over of the toxic effect of the fungicide which,
however, was lost between the third and sixth day of
grcwth in the absence of fungicide. AL similar ob-~-
servation was made in this study. When the concen-
tration of fungicide in the biophase were up to the
lower critical level, then changcs took place within
the organism which grcatly reduced or suppressed its
growth until and uvnlcss it was able to produce resistant
saltants. The organism would not be induced to pro-
duce recsistant saltants until this lower critical level
of concentration were reached, Beyond this critical
level, any further increasc in concentration of the
fungicide in the biophase would not affect the nature
of the resistant saltant, hence saltants formed at

any one concentration would alsc be cqually resistant
at higher concentraticns when the fungicides were imp-
regnated in agar. This increase in concentration

of fungicide in the biophase would, however, bring
about changes in the physiology of thc spores and in
the spore~forming apparatus of the fungus. Certain

spores may fail to germinate and the spore-forming
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reactions may be affected in such a way that some
sporcs that were formed 1ould bec of the resistant,

and the others, of the susceptible, type. Such
changes, however, were only temporary and not perma-
nent. The germinated 'susceptible' spores would form
only non-resistant colonies, and the rcsistant spores
would give rise to colonies in which the proportion

of resistant spores formed at each sporc-forming genera-
tion would gradvally diminish in the absence of fungi-
cides. When the concentration of fungicide in the
bicphase reached the upper critical level, then changes
which took place were such that only potentially re-
sistant sporcs were formed and the colonies produced
from these did not revert to the formation of the
parcnt-type non-resistant spores, When saltants werc
formed in the presence of thc vapour, the level of
concentration was above he lowecr, but below thc
upper, critical toxic level; when these strains were
grown in the absence of fungicides, they produced both
resistant and non-resistant spores, the proportion

of the former dcpending on how much c¢xtra toxic agent
had penetrated into th: biophase. - With successive
growth and spore-formation in the abscnce of fungi-

cides, ability to ferm resistant spores was gradually
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lost. fthen these vapour resistant strains were grown
in the presence of vapour, or on impregneted agar,
they were disposed to absorb more fungicide into the
biophase so that if the upper critical level of con-
centration were now reached, permanent, irreversible
changes took place so that only resistant spores
could be fermed, and colonies which werce produced
from them did not lose this ability, nor did they re-
vert to the original parent-type state when they were
grown in the absence of fungicides.

Priest (1960), Parry (1957) and Hewlett
(1955) have already referred tc evidence which suggest
that there 1s a common adaptation mechanism on the

part of Botrytis specles to PCNB and TCNB. The

parent isolate of B. cinerea or B. allii bechaved in
the same manner to PCNB and TCNB. The response of

Botrytis cinerea to DCNA is also similar in that in

the presence of the threc fungicides, slow-growing
hyphal variants or fast-growing resistant saltants

were produced. The difference in the effects of

these fungicides on sporulation and on spore germina-
tion and certain difference in the behaviour of the
resistant saltants would also suggest that there exists

some differcntial adaptation mechanism on the part of
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the fungus to thesc fungicides, DCNA did not sup-

press sporulation of Bot:ytis cinerea when it was

used in the vapour or impregnated phase provided the
fungus grcw, and the parent spores produced in the
presence of the vapour of DCNA were not different,
so far as is known, from those produced in its ab-
sence, PCNB and TCNB on the other hand completely
suppressed sporulation of parent strain. Priest
(1960) and Reavill (195L4) also obtained similar re-
sults with PCNB and TCNB. Reavill (195L) showed
further that the effect of TCNB on sporulation of

Botrytis cinerea is not affected by the state of de-

velopment of the fungus before it was introduced to
the vapour of the fungicide, Sporulation stopped
as soon as the fungus was introduced to the veapour
of TCNB. Priest (1960) showed that when resistant
strains produced on exposure of parent strain to the
vapours of PCNB and TCNB were grown in liquid medium
in the presence of fungicides, resistant strains
utilized glucose more efficiently than the parent
strain, but PCNB-resistant strain utilized glucose less
efficiently than the TCNB-resistant strains.

Results which were obtained from experiments

in which the fungicides were used in the vapour phase
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would suggest that DCNA was probably thc least active

of the three fungicides, against Botrytis cinerea,

whereas results of experiments in which the fungi-
cides werc used in the impregnated phasce would suggest
that DCNA is the most active substance, Higgons
(1962) observed that the low volatility of DCNA as
compared with TCNB was at first thought to be a disad-
vantage as 1t was believed that compcocunds of this type
mainly act in the vapour phase in the control of

Botrytis cinerea on lettuce, but he found that

practical field trials have shown that DCNA 1s both very
active and persistent, indicating that vapour action

is probably not of significance in the case of DCNA.
Priest (1960) observed that when DCNA was used in the
laboratory (in the vapour phase alone.), it did not
appear to be particularly active against the parent

isolate of Botrytis allil, and suggested that it is

possible that under field conditions, DCNA exerts its
controlling effect upon diseases caused by Botrytis

spp. by its presence within the plant systen. Results
which were obtained in this study with agar impregnated with
fungicides suggest that the fungicides PCNB, TCNB and

DCNA might well be present within the plant system,

and might be persistent in their effect.
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Parry (1957) and Priest (1960) pointed out
that laboratory studies represented cxtreme experi-
mental conditions which are unlikely to be present
under field conditions, and that results which were
obtained in the laboratory aborut the formation of
resistant strains were not likcly to be repeated, at
least to the soame degree, on the field, but that under
certain environmental conditions, such as are precsent
in frames and glasshouses, where much higher local
concentrations of fungicide vapour may be present,
resistant strains could possibly dcvelop. Since their
writing, no naturally-cccurring PCNB- or TCNB-resistant
isolate of any orgonism has becn reported to be isolated,
but Ogawa and Mathre (1963) reported the isolation of

Rhizopus arrhizus, though infrequently, which were re-

sistant to DCNA, from rotten peach fruits which had
been previously trecated with DCNA. The inability to
isolate any strain which is naturally resistant to
PCNB or TCNB may have been due to the effect of these
fungicides on the suppression of sporulation, not only
of the parent, but also of the resistant, strains,
Spores wecre hardly observed on any strain growing in
the presence of PCNB or TCNB, but resistant strains

sporulated 1 “he Dresence of DCNA.
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The results of expceriments on pathogenicliy
of 'resistant' spores of resistant strains were not
conclusive; 1t is suggested that more investigation

should be carried out on this aspect of the study.
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VII SUMMARY

A, Linear growth of Boirytis cinerea in the presennme

of PCNB, TCNB and DCN/A

1, When young mycelial discs of Botrytis cinerea

were inoculated on agar which was exposcd to the vapour
of, or impregnoted with, PCNB, TCNB or DCNA, there

was at first very little, or no, growth of the myce-
lium, Later the fungus became adapted to these
fungicides by producing cither non-saltant mycelium,
'hyphal variants', with a higher growth rate, or re-
sistant saltants, with a much higher growth rate,

than that of the parent isolate, in the presence of
fungicide.

2. Equal amounts of each of the fungicides were
much more effectively fungistatic on the fungus when
they were applied in the impregnated phase than when
they were used in the vapour phase.

3. When spores of Botrytis cinerea were inoculated

on agar which was exposed to the vapour of thesec fungi-
cides, colonies which were all susceptible were formed
in numbers almost equal to colonies arising on agar
which was not exposed to the vapour of fungicides,

i, When spores of the fungus were inoculated on

agar which was impregnated with fungicides, susceptible
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colonies were also formed, but the number of such
colonies, compared with colonies formed on control
agar without fungicides, depended on the concentra-
tion of fungicides in agar. When PCNB was impregnated
in agar, thcre was only little differencc between the
number of colonies observed on agar which contained
the highest concentration used, 500 p.p.m., of the sub-
stance, and agar which contained no fungicides.
When TCNB or DCNA were impregnated in agar, almost
the same number of colonies were observed in control
plates without fungicides as in plates containing up
to 2 p.p.m, of TCNB or of DCNA. In plates which con-
tained more than 2 p.p.m. and up to 10 p.,p.m, TCNB,
the number of colonies which were formed was always
less than, but about equal to or more than one half
of, the number formed in the absence of fungicides.
In plates which contained more than 10 p.p.m. TCNB
or more than 2 p.p.m. DCNA, the number of colonies
formed was very much reduced, being only about 10 per
in plates containing TCNB, and about L4 per cent

cent/ in plates containing DCNA, of the number formed
in plates without fungicides.

5. Resistant saltants were formed lcss frequently

on agar which was impregnated with fungicides than on

agar which was exposed to the vapour of fungicides,
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They also appeared less frequently when spores were
used for inoculation than when mycelial discs were
used.

6. Strains of the fungus which were resistant to
anyone of the fungicides when it was applied in the
vapour or in the impregnated phase werc also resistant
to the other phase, of the same fungicide; resistant
saltants which developed on agar which was impregnated
with fungicides at a particular concentration were
also resistant in the same degree to lower or higher
concentrations of the same fungicide, and to its wvapour.

7. Resistant saltants did not show any diminution
of their resistance to fungicides when they had been
grown for a long time, and through many scries of
successive non-sporing generations, in the absence of
fungicides,

8. The resistance developed to any of PCNB, TCNB

or DCNA by Botrytis cinerea also conferred resistance

to the other two fungicides, TCNB- and DCNA-resis-
tant strains were also resistant in the same degree
to all the three fungicides; PCNB-resistant strains
were also resistant in the same degree to DCNA; they
were not initially resistant to TCNB, but they grew
better than the parent strain in the presence of this

fungicide,
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B. Sporulation

9, Parcent strain did not sporulate in the prescnce
of PCNB or TCNB in either phase of appliczation of these
fungicides; it sporulated little, whcnever it grew,
on agar impreghated with DCIIA; 1its sporulation did
not appear to be affected by the vapour of DCNA.

10, Resistant strains sporulated only very little
or not at all, on different media, in the presence of
PCNB or TCNB; they sporulated slightly in the presence
of DCNA and in the absence of fungicides.

C. Behaviour of spores,.

1l. Spores which were obtained from parcnt strain
in the prcesence of DCNA or in the absence of fungi-
cides, always gave rise to colonies which were sus-—
ceptible to treatment with fungicides.

12, The behaviour of spores which were produced by
resistant strains dependcd on the origin of the strains
which produced them, and the conditions under which
these spores had been produced. When spores were
produced in the prescnce of fungicides by vapour- or
-impregnated-resistant strains, only resistant colonies
were obscrved to develop when these spores were ino-
culated on agar which contained, or which was e¢xposed

to the vapour of, fungicides; but only about one half
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or less of the number of such spores appeared to be
viable. Spores which were produced by impregnated
resistant strains in the absence of fungicides also
behaved in a similar way. When spores were produced
in the abscence of fungicides by the vapour-resistant
strains, only about one half of such spores which were
produced during the first spore-forming gencration
gave rise to resistant colonies; the other half pro-
duced non-resistant colonies; the proportion of re-
sistant-colony-forming spores was progressively re-
duced at subsequent successive spore-forming genera-
tions,

13. Spores of parent and resistant strains germina-
ted in the absence of fungicides.

14. Germination of spores of parent strain was not
inhibited in the presence of the vapour, or suspension
in water alone or dilute solution of pectin, of fungi-
cides; it was inhibited when fungicides were suspended
in dilute 0.1 per cent solutions of agar or gelatine,
or when they were impregnated in agar.

15. Germination of 'resistant' spores produced by
resistant strains was not inhibited by any treatment.

16, Spores of parent and resistant strains did not
appear to interfere with the germination or with the

development of each other when they were mixed together.
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17. When heterokaryons were formed between the parcnt
and the TCHNB- = DCNA~ impregnated resistant strains,
by alloving a mixture, in equal proportion, of their
spores te form colonies, their mycelium appeared to
be resistant to trcatment with fungicides, but most
of the spores, about 88 to 95 per cent in parent-
TCllE-resiscant hetcrokaryon, and about 76 to 86 per
cent in the parent-DCNA-resistant heterokaryon, gave
rise to scusceptible colonies.

D.  Pathomenicity

18. 5pores of PCNE-, and TCNB-vapour resistant strains
were as pathogenic to lettuce as, and spores of the
DCMA-vanounr registant etrain were slightly more patho-
genic than, the sporces produced by the parent strain,
Observation on pathogenicity of spores produced by
jmpregraved resistant strains was not very conclusive;
o the vihole, however, it appeared that when these
gspores wore nathogenic to lettuce, they were less so
than crores of the parent strain.

19. Mycelia of parcent and resistant strains were
pathozenic to lettuce.

L.  Gonerel
20, VYazn they were impregnated in agar or suspended

in diinte =olutions of agar or gelatine, the order of
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activity of the three fungicides against Botrytis
cinerea was DCNA ~ TCNB i PCNB; Dbut when they were
used in the vapour phase, the order of activity was

TCNB = PCNB =. DCNA.



175

VIII BIBLIOGRAPHY

AMERICAN PHYTOPATHOLOGICAL SOCIETY, COMMITTEE ON
STANDARDIZATION OF FUNGICIDAL TESTS, 1943(a):
Definitions of fungicide terms.
Phytopathology, 33: 624-626.

AMERICAN PHYTOPATHOLOGICAL SOCIETY, COMMITTEE ON
STANDARDIZATION OF FUNGICIDAL TESTS, 1943(Db):
The slide-germination method of evaluating
protectant fungicides. Phytopathology, 33:
627-632.

AMFRICAN PHYTOPATHOLOGICAL SOCIETY, COMMITTEE ON
STANDARDIZATION OF FUNGICIDAL TESTS, 1947:
Test tube dilution technique for use with the
slide-germination method of evaluating pro-
tectant fungicides, Phytopathology, 37:
354=356.

ARLETT, C. F., 1957: Induction of cytoplasmic muta-

tions in Aspergillus nidulans. Nature,
Lond., 179: 1250-1251,

BARASH, I., XLISIEWICZ, J. M., & KOSUGE, I., 1963:
Studies on levels of reducing sugars and hyd-
rolytic enzymes in relation to Botrytis head
rot on safflower. (Abstr.) Phytopathology
53(10): 1137.

BARTLETT, G. W.,, 1959: Gain and loss of resistance

in the fungus Penicillium rogueforti,. Thom.
Pro. roy. Soc. B., 150: 120-130.

BRIAN, P, W., 1960: Griseofulvin. Presidential
Address. Trans. Brit. mycol. Soc., 43(1):
1_130

BROOK, M., 1952: Differences in the biological
activity of 2:3:5:6 tetrachloronitrobenzene
and its isomers. Nature, Lond., 170: 1022.

BROOK, M., & CHEST®?RS, C. G. C., 1957: The growth
of Botrytis cinerea Pers., Fusarium caeruleum
(Lib.) Sacc., and Phoma foveata Foister in
the presence of tetrachloronitrobenzene iso-
mers, Ann. appl. Biol., 45: L498-505,




176

BROOK, M., & CHESTERS, C. G. C., 1958: The use of
tetrachloronitrobenzene isomers on lettuce.
Ann, appl. Biol., U46: 159-166,

BROWN, W., 1935: On the Botrytis disease of lettuce
with special reference to its control.
J. Pomol., 13: 247-259,

BROWN, W., 1947: Experiments on the effect of chlorin-
ated nitrobenzenes on the sprouting of potato

BROWN, W.,, & MONTGOMERY, N,, 1948: Problems in the
cultivation of winter lettuce, Ann. appl.
Biolc ] 35: 161"180.

CAPPELLINI, R. A., & STRETCH, A, W., 1962: Effects
of 2:6~dichloro-4~nitroaniline on Rhizopus
and brown rot of peaches. (Abstr.)
Phytopathology, 52(9): 922.

CAREY, M. A., & McDONOUGH, E. S., 1943: On the
production of polyploidy in Allium with para-
dichlorobenzene. Jour. Heredity, 34: 238-240.

CARLISLE, M. J., & SELLIN, MARGARET A., 1963: An
endogenous inhibition of spore germination in
fungi. Trans. Brit. mycol. Soc., 46(1):
15-18,

CATCHESIDE, D. G., 1958: A discussion on the cytoplasm
in variation and development: Introduction.
Proc. roy. Soc. B., 148: 285~

CHRISTENTEN, J. J., 1946: Genetic variation in
Gibberella zeae in relation to adaptation.
(Abstr.) Phytopathology, 36: 396.

CHRISTENTEN, J. J., & DAVIES, F. R., 1940: Variation
in Helminthosporium sati um induced by a toxic
substance produced by Bacillus mesentericus.
Phytopathology, 30: 1017-1033.

CLARK, N. G., HAMS, A. F., HIGGONS, D. J., &
STEVENSON, H. A., 1960: A new fungicide active
against Botrytis spp.. Chem. & Ind., 21: §72~-573,




177

COCHRAN, W. G., 1950: Estimation of bacterial den-
sities by means of the "Most Probable Number'.
Biometrics, 6(2): 105-116.

CRUGER, G., 1962: Possibilities of Botrytis control
on head lettuce crops under glass, Z. pfl-
Krankh., 69(9): 513-525. (Abstr.) Rev. appl.

Mycol., L2(7): L29, 1963.

DRANSFIELD, M., 1957: The effects of tetrachloro-
nitrobenzene on the soil microflora. Trans.
Brit. mycol., Soc., U4O: 165.

EAGLE, H., 1954: Drug resistance. N, Y. Acad. Sci,
Ann., 59: 243~-258.

ECKERT, J. W., 1962: Fungistatic and Phytotoxic
properties of some derivations of nitrobenzene,
Phytopathology, 52(7): 6L2-649.,

ELSAID, H. M., 1963: Adapted tolerance of Rhizoctonia
solani to increased concentrations of three
Soil fungicides. (Abstr.) Phytopathology,
53(8): 875.

FERGUSON, J., 1939: The use of chemical potentials
as indices of toxiecity. Proc. roy. Soc. B.,
127: 387-LOL.

PARKAS, A., & AMAN, J., 1940: The action of diphenyl
on Penicillium and Diplodia moulds. Palestine
Jo Botan. (Jo ) 2: 3 - 5.

FUSHTEY, S. G., 1953: The effect of chlorinated nitro-
benzene compounds on the growth and pathogenicity
of certain fungi. Thesis in Botany Library,
Royal College of Science, London.

GATTANI, M. L., 1946: Differences in diploid lines
of Ustilago zeae. (Abstr.) Phytopathology,
36: 398,

GATTANI, M. L., 1951: Adaptation of fungi to fungicides
and its significance in agriculture. Indian




178

GEORGOPOULOS, S. G., 1962(a): Genetic nature of toler-
ance of Hyphomyces solani f. cucurbitae to
penta- and tetra-chloronitrobenzene. Nature,
Lond., 194: 14L8-149.

GEORGOPOULOS, S. G., 1962(b): Genetic control of tol-
erance to tetra~ and penta-chloronitrobenzene
in Hyphomyces solani f., cucurbitae. Nature,
Lond., 196: 359-~360.

GEORGOPOULOS, S. G., 1963(a): Pathogenicity of
chlorinated-nitrobenzene-tolerant strains of
Hyphomyces solani f. cicurbitae race 1.
Phytopathology 53(9): 1081-1085,

GEORGOPOULOS, S. G., 1963(b): Tolerance to chlorinated
nitrobenzenes in Hyphomyces solani f. cucurbitae
and its mode of inheritance. Phytopathology,
53(9): 1086-1093.

GEORGOPOULOS, S. G., & THANASOULOPOULOS, C. C., 1960:
Research on the control of Sclerotium rolfsii
Sacc. with fungicides. Ann., Inst. Phytopathol.
Benaki N.S., 3: 65-78.

GEORGOPOULOS, S. G., & WILHEIM, S., 1962: Effect of
non-sterile soil on Rhizoctonia solani myce-
lium in the presence of PCNB. (Abstr, )
Phytopathology, 52(4): 361.

GIBSON, ANN, & GRIFFIN, D. M., 1958: OCytoplasmic
variation in Nectria stenospora. Nature, -
Lond., 181: 1222.

GIBSON, I. A. S., LEDGER, M., & BOZHM, E., 1961: An
anomalous effect of pentachloronitrobenzene
on the incidence of damping-off caused by a
Pythium sp.. Phytopathology, 51: 531-533.

GROVER, R, K., & MOORE, J. D., 1961l: Adaptation of
Sclerotinia fructicola and Sclerotinia laxa
to higher concentrations of fungicides.
Phytopathology, 51(6): 399-401.

HANSEN, H. N., & SMITH, R. E., 1932: The mechanism

of variation in imperfect fungi: Botrytis
cinerea. Phytopathology 12: 953-96L.



179

HARDING, P. R., JR. 1959: Biphenyl induced variations
in citrus blue mold. Plant Disease Reptr.,

HARDING, P. R., JR. 1962: Differential sensitivity
to sodium orthophenylphenate by biphenyl-
sensitive and biphenyl-resistant strains of
Penicillium digitatum. Plant Disease Reptr.,
46: 100-104,

HARTZFELD, E. G., 1957: Terrachlor, a new soil fungi-
cide. Agr. Chem., 12(7): 30-33.

HEWLETT, M. A., 1955: Studies on the fungicidal
activity of certain chlorinated nitrobenzene
compounds., Thesis in Botany Library, Royal
College of Science, London.

HIGGONS, D. J., 1962: A new fungicide for the control
of Botrytis spp., DICHLORAN. Fungicides in
Agriculture and Horticulture. Lenton
Experimental Station, Nottingham.

HINSHELWOOD, C. M., 1957: Address of the President
Sir Cyrll Hinshelwood, at the Anniversary
Meeting, 30 November, 1956. Proc. roy. Soc.
B., 1lh46: 155-165.

HIRSCHHORN, ELISA., 1951: Grado de estabilidad patd-
gena de lineas monoesporidiales de Ustilago
zeae adaptadas a desarrollar en medios gque
contienen arsenico. Cienc. e Invest. (Buenos
Aires) 7: L2 h°6 (Abs., in Rev. appl. Mycol.,
31, 13, 1952

HIRSCHHORN, ELISA., 1953: Variations en Ustilago
zeae, Cienc. e Invest. [Buenos Aires] 9:
158-165, (Abs. in Rev. appl. Mycol., 32: L497).

HIRSCHHORN, ELISA,&MUNNECKE, D. E., 1950: The effect
of sodium arsenite on the combining ability
of monosporidial lines of Ustillago zeae.
Phytopathology, LO: 524-526.

HIRT, R. R., 1949: An isolate of Poria xantha on
media containing copper. Phytopathology, 39:

31-36.




180

HOROWITZ, N. H., & SRB, A. M., 1948: Growth inhibi-
tion of Neurospora by Canavanine, and its re-
versal., Jour., Biol, Chem., 174: 371-378.

HORSFALL, J. G., 1956: Principles of fungicidal
action, Waltham, Mass., Chronica Botanica
Company: 280pp.

HORSFALL, J. G., & RICH, S., 1951: PFungitoxicity of
heterocyclic nitrogen compounds. Contrib.
Boyce Thompson Inst., 16: 313-347.

JINKS, J. L., 1952: Heterokaryosis: a system of
adaptation in wild fungi. Proc. roy. Soc.
B. ’ 1“-0: 83—99-

JURKOWSKA, H., 1952: Investigations on the adap-
tability of Aspergillus niger to copper. Bull,
Int. Acad, Cracovie, Ser. B, 4 (1951): 167-201.

KEITT, G, W., 1952: Inheritance of pathogenicity in
Venturia inaequalis (Cke.) Wint. Amer. Nat.,
: 373-390.

KEITT, G. W, & BOONE, D. M., 1954: 1Induction and
inheritance of mutant characters in Venturia
inaegualis in relation to its pathogenicity.
Phytopathology, LlL: 362-370.

KILGORE, W, W., CHENG, K. W., & OGAWA, J. M., 1962:
Fungicide residues. Extraction and determina-
tion of 2,6-dichloro-4-nitroaniline in pro-
cessed fruits. J. agric. Fd. Chem., 10(5):
399-24-01 .

LAST, P, T., 1952: The use of tetra- and pent:-
chloronitrobenzenes in the control of Botrytis
disease and Rhizoctonia attack of lettuce.
Ann, appl. Biol., 39: 557-568.

LEBEF, C., BOONE, D. M., & KEITT, G, W,, 1955:
Venturia inaequalis (Cke.§ Wint., IX, Search
for mutants resistant to fungicides.
Phytopathology, 45: L67-472.

LILLY, V. G., & BARNETT, H. L., 1951: Physiology of
the fungi. N.Y., McGraw Hill: UL6Lpp..



181

LITTAUER, F., & GUTTER, Y., 1953: Diphenyl-resistant
strains of Diplodia. Palest. Jour. Bot.
(Rehovot Series) 8: 185-189,

LIVINGSTON, C. H., OSHIMA, N., & MORRILL, C. C.,
1962: Evaluation of terraclor (PCNB) as a
control measure for Rhizoctonia diseases of
potatoes. (Abstr.) Phytopathology 52(1): 18-

LOUIS, DENISE, 1963: The modes of the penetration
of Botrytis cinerea Pers. into plants. Ann.
Epiphyt.. 14(1): 57-72. gAbs. in Rev. appl.
Mycol., 42(10): 599, 1963

MADER, E. O., & SCHNEIDER, C. L., 1948: Changes in-
duced in Sclerotinia fructicola on copper sul-
phate media. Phytopathology, 38: 17.

McCALLAN, S. E. A., 1957-58: Determination of indi-
vidual fungus spore volumes and their size
distribution. Contribs., Boyce Thompson Inst.,
19: 303-320.

McGOWAN, J, C., 1952(a): The physical toxicity of
chemicals., II. Factors affecting physical
toxicty in aqueous solutions. J. appl. Chem.,
2: 323-328,

McGOWANT, J. C., 1952(b): The physical toxcity of che-
micals. III. A systematic treatment of phy-
gical toxicity in aqueous scolutions. J. appl.
Chem., 2: 651-658.

McGOWAN, J. C., 1954: The physical toxicity of chemi-
cals. IV. Solubilities, partition cocfficients,
and physical toxicities. J. appl. Chem., U4:
Ll-l")-l-7 .

McKEE, R. K., 1951: Mutations appearing in Fusarium
caeruleum cultures treated with tetrachloro-
nitrobenzene, Nature, Lond., 167: 611.

McVEIGH, ILDA, & HOBDY, C. J., 1952: Development of
resistance by Micrococcus pyogenes var. _ureus
to antibioticsT morphological and physioclogical
changes. Am, J. Bot., 39: 352-359,




182

MILLARDET, P. M. A., 1885: Traitement du mildiovu
par le melange de sulphate de culvre et de
chaux, Jour. Ag». Prat., 2: 707-710.

MORGAN, O, D., JR. 1952: Some effects of eight fungi-
cides on growth of Cclerotinia fructicola,
Glomerella cingulata, and Penicillium expansum.
(Abstr,) Phytopathology, L2: L4L71.

MUDD, S., 1959: The Staphylococcus problem. Sci.
Am., 200: 4l-U45,

OGAWA, J. M., & MATHRE, J. H., 1963: Variations in
tolerance of Rhizopus species to 2:6-dichloro-
h-nitroaniline. (Abstr.) Phytopathology, 53
(10): 1141,

OGAWA, J. M., LYDA, S, D., & WEBER, D. J., 1961:
2,6-dichloro-l4-nitroaniline effective against
Rhizopus fruit rot of sweet cherries. Plant
Disease Reptr., U5: 636-638,.

OGAWA, J. M., MATHRE, J. H., WEBER, D, J., & LYDA, S.D.,
1963: Effects of 2:6-dichloro-b-nitroaniline
on Rhizopus species and its comparison with
other fungicides on control of Rhizopus rot
of peaches. Phytopathology, 53(8): 950-955.

OGAWA, J. M., RAMSEY, R. H., & MOORE, C., J., 1963:
Behaviour of variants of Gilbertella persicaria
arising in medium containing 2:6-dichloro-l-
nitroaniline. Phytopathology 53(1): 97-100.

oGAWA, J. M., & UYEMOTO, J. X., 1962: Effectiveness
of 2, 6-dichloro-4-nitroaniline on development
of Rhizopus rot of peach fruits at various
temperatures. (Abstr.) Phytopathology, 52: 53.

BSTERGREN, G., 1944: Colchicine mitosis, chromosome
contraction, narcosis and protein chain folding.
Hereditas, 30: L429-468.

PARRY, K. E., 1957: A study of some factors affect-
ing the susceptibility of fungi to fungicides.
Thesis in Botany Library, Royal College of
Science, London.



183

PARRY, K. E., & WOOD, R, X. S., 1959: The adaptation
of fungi to fungicides: adaptation to captan;
adaptation to thiram, ziram, ferbam, nabam and
zineb. Ann. appl. Biol.,, 47, 1, pp.1-9; 10-16.

PRIEST, D., 1960: Adaptation of fungi to fungicides.
Thesis in Botany Library, Royal College of Science,
London. '

PRIEST, D., & WOOD, R. K. 8., 1961: Strains of Botrytis
allii recsistant to chlorinated nitrobenzenes.
Ann, appl. Biol., 49: LL5-ULEO.

REAVILL, M. T., 1950: The effect of certain chloro-
nitrobenzenes on plant growth. Thesis in the
Botany Library, Royal College of Science, London.

REAVILL, M. J., 1954: Effect of certain chloronitro-
benzenes on germination, growth and sporulation
of some fungi, Ann., appl. Biol., 41(3), LLB-L6EO.

REES, H., & JINKS, J. L., 1952: Thc mechanism of varia-
tion in Penicillium heterokaryons, Proc., roy.

Soc. B., 1L0: 100-106.

RICHARDSON, L. T., & MILLER, D. M., 1960: Fungitoxicity
of chlorinated hydrocarbon insecticides in re-
lation to water solubility and vapour pressure.
Can. J. Botany, 38: 163-175.

ROBERTSON, J., 1824: On the mildew and some diseases
incident to fruit trees. Trans. Hort. Soc.,
London, 5: 175-188.

ROY, R. Y., 1947: 4 comparison of the mode of action
of certain new chloronitrobenzene preparations
with that of standard fungicides. Thesis in
the Botany Library, Royal College of Science,
London,

ROY, R. Y., 1951: A comparison of the mode of action
of certain new chloronitrobenzene preparations
with that of standard fungicides., J. Indian
Botan. Soc., 30: 148-180.

SCHMITTHENNER,A. F., & HILTY, J, W,, 1962: A modi-
fied dilution technique for obtaining single-
spore isolates of fungi from contaminated
materials., Phytopathology, 52: 582-583,



184
SEXTON, W, F., 1953: Chemical constitution and bio-
logical activity. D. van Nostrand Co., Inc.,
New York, L2Up.

SHARPLES, R. 0., 1962: The fungitoxic effects of
2, 6-dichloro-lL-nitroaniline on Botrytis cinerea.
Lenton Experimental Station, Nottingham.

SHATLA, M. N., & SINCLAIR, J. B., 1962: Tolcrance
to PCNB and pathogenicity correlated in naturally
occurring isolates of Rhizoctonia solani. (Abstr.)
Phytopathology, 52(8):  752.

SHATLA, M. N. & SINCLAIR, J. B., 1963(a): Tolerance
among naturally occurring isolates of Rhizoctonia
solani to pentachloronitrobenzene, (Abstr, )
Phytopathology, 53: 625.

SHATLA, M. N., & SINCLAIR, J. B., 1963(b): Tolerance
to pentachloronitrobenzene among cotton isolates
of Rhizoctonia solani. TPhytopathology, 53(12):
1407-1411,

SMIETON, M. J., 1939: On the use of chlorinated nitro-
benzenes for the control of club~root diseases
of Brassicae. J. Pomol. hort. Sci., 17: 195-217.

SHIETON, M. J., & BROWN, W., 1940: Botrytis disease
of lettuce, its relation to damping-off and
mildew, and its control by pentachloronitrobenzene
dust. Ann. appl. Biol., 27: L489-501.

SMITH, G., 1938: An introduction to industrial mycology.
London, Edward Arnold & Co., : pp. 302.

STAKMAN, E., C., STEVENSON, F. V., & WILSON, C, T., 1946:
Adaptation of monosporidial lines of Ustilgao
zeae to arsenic. Phytopathology, 36: .

STARKEY, R, L., & WAKSMAN, S. A., 1943: Fungi tolerant
to extreme acidity and high concentrations of
copper sulphate. Jour. Bact., 45: 509-519.

STANIER, R. Y., 1953: Adaptation, evolutionary and
physiological: or Darwinism among the micro-
organisms, The Third Symposium of the Society
for General Microbiology. Adaptation in micro-
organisms., Cambridge University Press.



185

STEINBERG, R. S., 1940: Action of somec organiccom-
pounds on yield, sporulation and starch forma-
tion of Aspergillus niger. Jour. Agr. Res.,

60 . 765-773-

TAYLOR, J., 1953: The effect of continual use of
certain fungicides on Physalospora obtusa,
Phytopathology, 43: 268-270.,

TORGESON, D. C., 1963: Effect of fungicides on the
respiration of three species of soil fungi.
(Abstr. ) Phytopathology, 53(8): 891,

WAY, J. M. & KEYWORTH, W. G., 1959: Experiments on
the control of Botrytis discase of lettuce.
Ann, appl. Biol., L7: 685-697.

WEBER, D. J., 1963: The mode of action of 2:6-dichloro-
U-nitroaniline in Rhizopus arrhizus spores,
(Abstr.) Phytopathology, 53(10): 1lhlL.

WEBER, D. J., & OGAWA, J. M,, 1963: 1odc of action
of 2, 6-dichloro-Y4-nitroaniline (DCNA) in
Rhizopus arrhizus., (Abstr.) Phytopathology,
53(8): 893.

WILLIAMS, L. E., & WILLIS, G. M., 1962: Agar-ring
method for in vitro studies of fungistatic acti-
vity. Phytopathology, 52(L4): 368-369.

WILSON, C., 1947: The development of increased toler—
ance to sodium arsenite by Sclerotium rolfsii
and 8. delphinii, (Abstr.) Phytopathology,
37: 24,

WOLLMAN, ®#. 8. H., 1953: Relative sensitivity of
single conidial isolates of Monilia fructicola
and Fusarium oxysporun lycopersici to different
concentrations of certain fungicides. (Abstr.)
Phytopathology, u43: 490,




186

IX ACKNOWLEDGEMENTS

It is a pleasurc to express my gratitude
end indebtedness to my supervisor, Dr. R. K. S. Wood,
for suggesting the problem, and for his guidance,
help, interest and cncouragement throughout the work
and during the preparation of this manuscript.

I wish to thank Mr., Roy Adams for assistance
in producing the thesis, Mr. Anthony Horne for part
of the photograrhic work, Mr. Ted Green and Miss Beryl
Curtis for occasional help, Miss Marilyn Wilkins for
typing the thesis, and members of the Plant Pathology
Section, Imperial College Field Station, Silwood Park,
for help, advice and companionship.

I wish to acknowledge, with gratitude, the
financial help provided jointly by the British
Council, acting on behalf of the Department of Technical
Cooperation, and by the Gevernment of the Western

Region of Nigeria,



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186

