
ADAPTATION OF FUNGI TO FUNGICIDES 

A thesis presented by 

Denis Priest, B.Sc. (London) 

in p~t fulfiloent of the requirenents for the 

Degree of Doctor of Philosophy 

in the Faculty of Science of the University of London 

October, 1960 

Froc the Depa.rtnent of Do ta.ny , 

Inp~rial College of Scienoe and Technology, 

London, -8.·\v •. 7. 
t •• 

"'2-.. 



AI3STRACT, ' 

,'When Botrytis' o.llii was grown in the presence. of vapour 
of pentachloronitrobenzene, or isoners of tetrnchloronitrobenzene, 
slow growing oyc~liuowns producer], conposed of swollen distort'ad 
hyphae. Sporulation was reduced or suppressed. Sooner or lc:'jer 
variants o.ppeared which had the following characteristics: 

(~) in absence of fungicide, hyphae, sporulation, and growth 
ro.te vary sinilar to those of parent, 

(b) in presence of fungicide, spores geroinated nore rapidly than 
those of parent in the snne conditions. Growth rate of 
hyphae froo"oycolial discs wan little affected, and the 
hyphae were nomal in appearance. 

B..esi'stont variants grown in liquid nediun in the presence 
of the fungicides utilized carbohydrate nore efficiently than did 
the parent in the s~e conditions. 

Experinents with these variants produced evidence of a 
connon ndnptation nechnnisn as well as for a nore specific" .one. 

These variants w'ere used in conjunction with other 
halogenated nitrobenzenes, with 2:3:5:6 tetrachloroaniline, and 
with 2,6 d'ichloro-4-nitroaniline. Resistance to tetrachloro­
nitrobenzenes always conferred soneresistance to the other coo­
pounds. The 2:3:4:6 tetrachloronitrobenzene resistant strain 
grew s~owly in ooncentrations of 2,4- and 2,3 dichloronitrobenzene 
which killed the parent isolate. 

The resistant strains showed a graded tolerance to the 
halogen series of 2,5 substituted nitrobenzenes in the order I/-' 
Dr j- Cl. 

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

Myceliuo of resistant strains retained their resistanoe 
to pento.chloronitrobenzene, and tetrachloronitrobenzenes for a.t 
least 10 oonths under ordinary cultural conditions in the absence 
of fungicides. 

When Tri chod<?_Ina virid~ was grown in the presence of 
N-trichlorooethylnercapto-4-oyclohexeno 1,2-dj~~boxinide (captan) 
dispersed in agar, growth was abnor.oo.l, sporulation was retarded 
and the growth rate Vias reduced. 

Captan "trained" oyceliuo grew nore rapidly than the 
parent isolate on agar containing capton, or certain captan ana­
logues~ but lost this ability after 2 Donths sub-culture in the 
absence of fungicide. 
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I INTRODUCTION 

The extensive use of fungicides" insecticides, ond 

neoatocides in ngricult~c reflects nttenpts at control and 

therapy in plant pathology. A serious threat to these efforts 

appears in the developoent of resistance to insecticides, and 

perhaps a greater potential threat lies in the acquired resistance 

to fungicides under field conditions. Laboratory studies have 

sho'\m that resistant strains of 'oany fungi are procluced by sub-

jection to sub-lethal doses of toxic substances. This relation-

ship between organisns and toxic substances is nanifested in 

several fields of biology. The phenonenon of acquired resistance 

nay be incorporated in the ,terrJ adaptation Stnnier (1953), 

uIn its broadest usage it describes the 

totality of the various processes of 

change which confer on an organisn 

fitness to its environnent". 

The following laboratory stUdies were designed to 

~nvestigllte the nature and extent of adaptat~on in Botrytis allil . 

to chlorinated nitrobenzenes and related conpounds, and in 

Trichoderna viride to captnn and its analogues. 
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II lTh"VIEW OF LITERATU.BE 

1. Adaptation 

Certain fungicides introduced in the nineteenth century, e.g. 

sulphur and Bordeaux mixture have been used extensively against 

powdery and downy mildews, but the literature contains few records 

of the appearance of strains resistant to their action. Horsfall 

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

infestans on potato along the Atlantic seaboard of America with 

Bordeaux mixture required a threefold increase in spraying compared 

with that sixty years ago. This might mean the existence of 

strains resistant to copper. The spore germination studies of 

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

orchards continually sprayed with BordeaUx ~ixture are more re-

sistant to copper than those from unsprayed orchards. A further 

instance of acquired resistance is recorded by Littauer and Gutter 

(1953), who reported that control of Diplodia nata1ensis on oranges 

by dipheny1 is now adversely affected by diphenyl resistance. 

Brown (1953), foUnd that control of Botrytis, cinerea on lettuce 

could be obtained by dusting seedlings with pentachloronitrobenzene 

(PCNH), before planting. Previous to 1954 this compound and the 

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

recommended chemicals for control of Botrytis cinerea under field 

conditions~ A recent paper byWay and KeYVlorth (1959), on this 

disease oentions that advisory officers and growers find that 

the control given by these substances is inconsistent and often 



inadequate. It is possible that this is because under some field 

condi tiona H. cinerea acquires resist&"1ce to these compounds. There 

are also a number of laboratory studies on adaptation. Mader and 

Sclmeider (19.47), "trained" cultures of Sclerotinia fructicola to 

tolerate increased concentrations of copper sulphate in agar media. 

The variants produced differed in their ability to rot fruit. 

¥llien transferred to fungicide free media, the tolerance was re­

tained by some variants, but not by others. Jurkowska (1952) in­

vestigated the adaptabili,ty of Aspergillus niger to copper sulphat.e •. 

After several generations a resistant strain was obtained which 

tolerated concentrations of copper sulphate in agar nedia which 

were toxic to the parent; this strain was also resistant to z:lxic 

and manganese snIts. After fifteen transfers on copper free media 

the resistance was lost. Greathouse et 0.1., (1954), obtained a 

copper oxinate resistant strain of Aspergillus niger., The sus-

ceptibility of this strain to oxine indicated that the resistance 

was to the copper moietYe Further data for cupric salts are 

provided by Arakatsu (1954), for yeasts, and Hir-li (1949), for 

Poria Ji~th~,!. 

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

monosporidinl lines of Ustilago zeae to arsenic. A threefold 

increase in tolerance for sodi~ arsenite was obtained after ten 

tr~~sfers on Bedia containing arsenic, and the ability to grow on 

arsenic media of the sane concentration increased with successive 

The resistant variants rapidly reverted when grown 
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on arsenic free nedia. Sinilnr studies by Wilson (1947), demon-

strated the develo~ent of increased resistance to sodiuo arsenite 

by Sclerotiun rolfsii and S.delphinii. Gattani (1951), "trained" 

Alternaria spp. to nore cOElplex fungicides, "Agroslll1 G.N.2" (con-

taining tolyloercury acetate), and "Arason" (containing tetrllrnothyl­

thiurundisulphido) by successive transfers to increasing concen-

trations of the fungicides in potato dextrose agar, Parry and 

Wood (1959), obtained resistance to a wide variety of complex 

organic fungicides. Strains of Botrytis cinerea resistant·to 

ferbnc (ferric d~ethyldithiocurbaoate), and captan (N-trichloro-

Dethylnercnpto-4-cyclohe~ene-l,2-dicarbox~ide), were obtained by 

"training" nethods, and these resistant strains did not revert to 

the parent susceptibility nfter they had been grown on fungicide 

free nedia. It was suggested that nore than one nechanisn lvas 

operative in the "trainingltof B.cinerea to these fungicides. 

Bartlett (1959), obtained strains of Penicilliun 

rogueforti resistant to high concentrations of phenyl nercuric 

acetate, proflavine, brilliant green, and sodiun azide. 
~. , 

Resistance developed gra.dually without evidence of mutation, and 

most of the resistant strains were unstable and rapidly reverted 

when grown in drug free nedin. The resistance of the proflavine 

resistant strains was reduced under these conditions to a level 

g!eater than that of parent. 

Brian (1960), investigated the effect of griseofulvin 

on dry weight and radial growth of surface colonies of Botrytis 
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allii on liquid nedia, It was found initially that 5 ~g/nl. 

griseofulvin was inhibitory, but that after a three week period 

the growth rate increased considerablyo Myceliuo froo these 

cultures ~sed to inoculate fresh griseofulvin nedia did not 

exhibit a long lag phase. After several transfers rapid growth 

was obtained on nadia containing 20 pg .. /nl. griseofulvino This 

adaptation was lost when nycelia were trf.1~lsferred to griseofulvin 

free nedia. The accunulated evidence of these workers demonstrates 

the evidence of two distinct behaviour patterns of resistant 

strains - reversion and non-reversion to parent susceptibility 

when grown in the absence of the fungicide or drug. There are a 

nuober of laboratory studies of adaptation to the chlorinated 

nitrobenzenes, particularly the three isoners of TC~m, and peNB. 

Variants frequently arise in the presence of the vapour of these 

substances, and characteristically appear as rapidly growing, fan 

shaped I:lutants at the colony edge. These variants arOe aloost 

always non-sporulating, and have been described by Roy (1947), 

Reavill (1950), McKee (1951), Fushtey (1953), Hewlett (1955), 

Brook (H)52), Brook and Chesters (195"1), and Parry (1957). 

McKee (1955), showed thnt Fusariuo caeruleun nutates in 

the presence of 2:3:5:6 TCNB and becones resistant to it. He 

suggested ~hat these nutnnts nay be ~portru1t in the practical 

control of potnto rot induced by F.caeruleun. Parry (1957) 

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

organistl wns 2:3:4:6~2:3:4:5~2:3:5:6>TCN'B>PCNB. He found 
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that the 2:3 :-4:6 isoner was particularly active in suppressing 

growth, sporulation, gemination, and gem tube preliferation~ 

Variants were produced in the presence of 2:3:5:6 TCNB, 2:3:4:6 

TeNE and peND vapour. These variants wore resistant in varying 

degrees to each 0 f the three sub statJ.ce s , i. e. grew faster thnn 

parent inocula and produced a nornal vegetative nyceliuo. The 

variants were unable to sporulate noroally in the presence of the 

fungicide vapours._ No variant Vii th nomal nycelial norphology 

was produced in the presence of 2:3:4:6 TCNB vapour, but cultures 

with considerably increased growth rates were produced. Each of 

these workers found that variants resistant to TeND isoner, or 

FeND retained their resistance over long periods', even when 

repeatedly sub-cultured in the absence of fungicide vapour. A 

characteristic effect of these substances on the test organisns 

was a suppression of sporulation. Steinberg (1940), observed a 

sioilnr effect with certain phenanthrene derivatives on ABpergillus 

niger. 

The ioplication of these experinental studies of 

adaptation is that a serious threat lies in the developnent of 

fungicide resistant strains under field conditions. ?arry (1957) 

concluded fron his studies, that the rapid "training" of Botrytis 

cinerea to the true fungicides' was unlikely to be inportant in 

the field, but the fungicide stable outations constituted an 

inportant thre~t~ 



2. Fungicides 

2. I Chlorinated nitrobenzenes. 

PCNB was developed and introduced··by I.G. Farbenindustrie in the 

late· 1930's.. It ~llS originally oarketed . under n nunber of trade 

nanes "Tritisun",.a 15%.dust for the seed treatnent of wheat against. 

bunt; "Brassicol", a 20% .dust for usc as a soil fungicide, 

"Folosan", "Botrilex", and "Tilcarextl
• 

2 : 3: 5: 6 TeNB was introduced by Bayer .Agricul tural Ltd.:, 

as a selective fungicide, effective for the control of dry rot, 

Fusariuo caeruleun of potato tubers. It WUf3 uarketed as "Fusarex" 

a 3% dust, and IIFolosan D B 905", a 5% dust. 

Brown and Snieton (1940), used peNH dust as a Deans of 

control for Botrytis cinerea on lettuce. They also obtained a 

degree of control of Plasnodiophora brnssicae with peN}l on cabbage 

and cauliflower. Last (1952), found PeNB and 2:3:5:6 TCNB 

effective in controlling Botrytis diseus:e and Bhizoctonia attack 

of lo+tuce. A related conpound, trichlorodinitrobenzene, 

"Brassisan", was used by Brown (1935), and Snieton (1940), agairist 

Botrytis cinerea on·lettuce. These conpounds however have not 

found a wide application in agriculture. A recent introduction 

2 ,6-dichloro-4-ni troaniline;: is clained in a Boots Advisory 

Leaflet to be effective in controlling Botrytis cinerea attack 

on lettuce. This conpound is Llarketed as "Allisnn" and produced by 

Boots Pure Drug Co., Ltd. 
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Conpnratively little is kno'\m about the node of action 

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

togruphy the presence of ribose in extracts of Botrytis cinerea 

treated with .2 :3:5:6 TCNB, suggesting that the action was presunably 

due to nuclear poisoning. Further evidence of nuclear disorgani­

sation is provided by Carey and McDonough (1943), who showed that 

spindle fOITJution in onion is imlibited by paradichlorobenzene. 

Apart fron their fungicidal action these coopounds independently 

affect the growth of the plant, the isoners of TeNa differing in 

their growth regulating capacity. 

2. 2 Captan. 

A new class of organic fungicides, arising fron the reaction of 

perchloronethylnercaptan with the alkalimetal salts of m:lides nnd 

ioides was introduced by the Struldard Oil Developnent Co. in 1949, 

and described by Kittleson (1952). Captan was originally 

narketed under the trade nanes "SR 406": a 50% dispersible powder 

and "Orthocide 406". Captnn has been applied to a wide variety of 

pla~t diseases, Andes and Epps (1956), found captan effective 

against Sclerotinia laxa on apricot, Venturia ina~guali8 on peach, 

and Physalospora·obtusa on apple. 

Horsfall and liich (1951), found co.ptan was very active 
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against Stenphyliun sarcinaeforuc fu"1d they considered it had five 

structural features that could be involved in ito fungitoxicity; 

the CCl
3 

group; the sulphur bridge; the diketono; the N hetero­

cycle; and the nobile hydrogens on the carbon nions alpha to the 

ketone. Hochstein ruld Cox (1956), studied the fungicidal action 

of this conpound on the respiration of growing and non-growing 

conidia of Fusariun rosauo. Conidial gemination and oyce1ia1 

growth was observed in the preoerice of captan. Their nnllonetric 

studies suggested that captan illi~ibits grov~h in fungi by inter-

fering with decarboxylation reactions requiring thiarJine pyro-

phosphate as coenzyoe. Rich (1959), studied the chenistry of the 

fungitoxicity of cuptan. Vo.rious cheDicnls were tested to 

deter.cine their ability to rultagonise the toxicity of captnn in 

liquid nedia to Sclerotinia fructicola. Captnn at 3 x 10-5 M 

conpletely icllibited the growth of the test organisn in a liqu~d 

-2· -2 nediuo, this toxicity was reversed by 10 M I-histidine and 10 

M I-cysteine. The foroer was effective if added 24 hours after 

the capt a..11., and the latter after 6 hours but not 24. It was 

concluded fron these observations that' S.fructicola can shunt every 

systeo poisoned by captnn except those needed for synthesis or 

utilization of histidine. 



III MATEHIALS AND MEfHODS 

1. Fungicides 

1.1 Halogenated nitrobenzenes 

These substances are precticully insoluble in water, e.g. the 

tetrachloronitrobenzenes less than one part in twenty thousand, 

they nre, however, volatile, and were priDnrily used in the vapour 

phase. PCW£ and the three TeNE isoners were supplied by Boots 

Pure Drug Co" Ltd. The other halogenated nitrobenzenes were 

supplied by L. Light & Co.,Lt~. 

CI 

Cl 

Cl 

Pentnchloronitrobenzene 

Colourless polygonal plates. 

Recrystnllised froD acetone 

- 6° 1\1,P.14 C. 

2:3:5:6 tetrachloronitrobenzene 

Colourless priSDs or needles. 

Becrystallised fron acetone. 

o M.F. 99 C. 

2:3:4:5 tetrachloronitroben~ene 

Colourless needles or plates. 

Recrystallised fron acetone. 

o M.P. 65-65.5 C. 



Cl 

Cl 

Br 

-it: 

2:3:4:6 tetrnchloronitrobenzene 

Colourless needles. 

Recrystnllised fron ethyl alcohol. 

o M.P. 39.5 - 41.0 C. 

2,5 dichloronitrobenzene 

1 Pale yellow triclinic crystals. 

Br 

Recrystullised fron ethyl alcohol 

M.P. 54°C. 

2,4 dichloronitrobenzene 

Colourless needles. 

Rocrystallised fron ethyl alcohol 

,0 
M.P. 33 C. 

2,3 dichloroniirobenzene 

Colourless needles. 

Recrystallised fron ethyl alcohol 

M.P. 6loe. 

2,5 dibrorionitrobenzene 

Colourless needles. 

Recrystallised fron acetone. 

M.P. 84°C. 
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2,5 diiodonitro~enzerie 

Hecrystallised fron acetone. 

1.2 Halogenatednnilines and nitroonilines. 

These conpounds are also insoluble in water, and 'were 

used in the sane way as the chlorinated nitrobenzenes. 2,6 dichloro-

4-nitroaniline was supplied by Boots Pure Drug Co., Ltd. 2:3:5:6 

tetrachloroaniline was prepared by reduction of 2:3:5:6 tetra-

chloronitrobenzene. 

c 

2:3:5:6 tetrachloronniline 

Colourless needles. 

Recrystallised fron petroleuc 

o other B.P. 60-80 c. 
o M.P. 109-110 C. 

2,6 dichloro-4-nitroaniline 

Yellow needles. 

Recrystnllised fron acetic acid. 

o M.P. 194 - 195 C. 
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1.3 Captim and co.ptan bnn,1ogues. 

These fungicicles nre insoluble in water. They wore 

used dispersed in solid nodia. They were supplied by A.R~ . 

Xi ttleson of the Esso i=tesonrch t.k"1d Engineering Co ~, (fornerly 

Standard Oil Developnent Co.) .. 

In order to exclude deconposition products the conpounds 

were purified by recrystnllisation fron an appropriate solvent. 

" ,J N-·S 

--·c 
~, 

Cl 

b_Cl 

t 
Cl 

Cl 
t le ___ ' Cl 

I 
Cl 

Cnptnn 

Recrystnllised fron acetone. 
. 0 

M.P. 172 C. 

N-trichloronethylnercapto-4-

ni trophthnlinide 

Hccrystallised fron benzene 

o M.P. 147 - 148 C. 

N-trichlorooethyloercapto-4-

nethyl hexuhydrophthnlinide 

Recrystnl1isod froD n-hexane. 

o M.P. 128 - 129 C. 

• 



Cl 
I 

-l~ 

,.;1 ....... 8 ........ C_CI 

t 
Cl 

2. Culture nedia and vessels. 

N"trichloronethyloercapto-3,6-

endoxohexahydrophthalioide. 

Recrystallised fron bel1zene •. 

o M.P. 158 - 159 C. 

stock and experinental cultures weregl'OW!l .. on glucose 

peptone agar nedia in 9.0 co. Petri dishes. Cultures of Botrytis 

cinerea and Trichoderna viride for spore gemination tests were 

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

Reference cultures were first grown on glucose peptone agar slnnts 

in 6 x til test tubes~ and then covered with sterile liquid paraffin. 

Liquid cultures were grown in 50 nl. glucose peptone solution in 

250 nl. conical flaslts on a rotary shaker. 

Glucose peptone solution. 

MgS04.7H20 .••••••• 0.05; 

FeS04 .7H20 ••••••• 0.001% 

Glucose peptone agar. 

Peptone •••••••• 0.2% 

Glucose •••••••• 

As for glucose peptone solution, with 2% agar. 

Culture vessels other than Petri dishes, and nedia were 

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

Spore gemination was exaoined in filos of spore suspensions 



on 1.0 en. dinoeter 3% agar discs containing 2% sucrose. The agar 

discs were placed on a 7.5 x 2.5 CD. glass slide und Dounted on 

bent glass rods over 10 nl. of distilled water in 9.0 CD. Petri 

dishes. 

3. Fungi. 

Trichodcrna vir ide and Botrytis allii were used as test 

fungi. 

T.viride ••••••••• a sporulating strain isolated fron soil. 

B. allii ••••••••• a sporulating stra1n fron onion. 

The two strains were obtained fron the collection in the Plant 

Pathology Departnent at ]operial College. 

4. Inoculation and incubation. 

The inocula conoiated either of non-sporulating agar discs, 

or of spores. The non-sporulating discs were cut fron the edges of 

colonies on agar with a steel elise cutter internal dicneter 0.5 cn. 

o The colonies of B.nllii were grown at 15 C. for 72 hours so that 

they·were not sporulating when the discs were renoved at a radius 

o·f 2 CD. froD the centre of the colonies. The discs were inoculated 

with their nycelial surface on the agar. 

Spores were washed fron the surface of agar slopes with 

sterile water. These suspensions were passed through two layers 

of Duslin, and then washed by three successive centrifugations at 

5,000 - 6,000 r.p.n. for one ninute. The spores were suspended in 

distilled wat~r, and the final concentration of spores adjusted to 



500 / 0.02 Dl. Nine replicates of each treatnent'were used. 

+ 0 Cultures on agar nedia were incubated nt 20 _ 2 C., spore 

gernination discs, and liquid cultures at 23°C. stock cultures 

other than those grown for disc inocula were incubated at roon 

tenporature. Petri dish cultures in the presence of vapours of 

halogenated nitrobonzenes, anilines, und nitronnilines were kept in 

separate sets of ten in netal boxes. The Petri dish seta were 

sealed with "Selotape" to reduce losses through volatilisation. 

5. Measurenent of Linear growth on agar plates. 

Growth along two diaoeters at ri~lt angles to each other 

was taken and the average of twenty such neasurenents fron ten 

replicates was recorded. 

6. Spore gemination assessoent. 

It was tru{en that spores had geminated when the length 

of the gem tube was equal to, or greater than, that of half the 

short axis of the spore. The behaviour of spores on each agar 

disc was recorded. 

Details of Dore specialised techniques are given in the 

approp~iate sections of the text. 
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IV. EXPERIMENTAL RESULTS 

1.0 CHLORINATED NITROBENZENES. 

Halogenated nitrobenzenes were regarded as insoluble in 

water, but their volatility enabled then to be used in the vapour 

phase. This technique was eoployed by Reavill (1950), Fushtey 

(1953), Hewlett (1955), and Parry (1957). One 01. acetone 

solutions of known concentration were allowed to evaporate under 

sterile conditions, on the inside of the lids of 9.0 cn. Petri 

dishes. The lids were cooled before adding the acetone because 

this produced a nore even filo of fungicide. . After evaporation 

of the fungicime (10 - 15 ninutes), the lids were replaced and 

stored at rOOD tenperature for 24 hours, to enzure conplete 

evaporation of the acetone. These lids were transferred to agar 

plates ~ediate1y after these had been inoculated with nyce1ial 

discs. 

. 2.0 Effect of PCNB and TeND on radial growth, hyphal 

norphology,and sporulation of Botr;y:tis spp, 

The effect of these chlorinated nitrobenzenes on radial 

growth, hypha1 norpho1ogy, and sporulation of Botrytis spp •. was 

investigated by Hewlett (1955), and Parry (1957). The work of 

Hewlett (1955), was restricted to PCNB and 2:3:5:6 TCNB. Parry 

(1957), used PCNB and the three isoners of TCNB. Their results 

showed that when colonies were grown: in the vapour of the fungicides, 

nore thnn one type of adaptation occurred. One gave rise to 



the TeND isoners were obtained. The productiGn of these resistant 

strains of B.allii with an analysis of thei~ norphological 

characters therefore introduces the experinental section of t~is 

thesis. 



· -19-

Table 1. 

Effect of 10 mg. and 1 mg~ peNH on the linear growth of 

Botrytis allii -_ .. 

Time after Mean colony diameter Percentage inhibition 
irncula.tion (em.) of growth 

(hours) Control 10mg. lI:1g. lOmg. lIng. 

24 1,5 O~6 0.7 92 80 

48 2.9 S 0~8 1.1 83 75 

72 4.6 1.4 S 1.8 S 63 58 

96 6.5 2~2 2.6 63 58 

120 8.4 2.8 M 3.3 61 60 

168 4&2 4.9 

217 6.1 6.6 

Mean increase of colony di~eter crn./day .. 

Control 10 mg. 1 mge 

0.62 0,68 

S = Start of sporulation 

M = First appearance of clearly defined saltant. 

The percentage inhibition of growth was calculated from the formula 

I =( C ~ T ) 100' I represents t~e percentage inhibition of 

growth, T the daily increase in diameter of ~reatedplates, and C 

the d~ily increase in di~eter of untreated plates. 
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2. 1 peNH 

The linear growth of Botrytis allii in the presence of 

this fungicide is recorded in Table 1. IJ.'he reBul ts .>~j{.dned are 
( 

similar to those of Hewlett (1955). The hyphne produced in the 

first 2-3 days gro,~h, were gnarled, swollen and nore deeply pig-

Dented than the pale bro"nl of the parent hyphae. After this. 

initial period the effects on morphology of the hyphae were less 

. pronouncGd. ,The out.lines of the colonies becrune lobed and irregular 

Clearly defined sectors of resistant saltants appeared in 3 out of 

10 replicates in the 10 Dg. series after 5 days, but saltants were 

not clearly defined in the 1 ng. replicates. Sporulation was 

delayed but not suppressed; it was sparse in the 10 mg. repl~cates, 

but relatively unaffected in the 1 ag. replicates, Sporulation 

was not recorded by -Hewlett (1955), or Purry (1957), for Botrytis 

allii at these levels. A lag period, i.e. period before growth 

was aeen, was not evident, but the; in~ tinl period o,f growth was 

c:laroictori!Zed by an increasing linear growth rate. The resist-

ant aaltanta were pale crelllilY brovm in colour, the r:~yceliun of 

the colo'nies was ciosely adpressed to the agar, and the hyphae 

were not abnor.aal. 
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Table 2. 

Effect of 10 ng • ....t-1. nat and 0.1 rIg. of 2 :3:4:5 TCNB on the 

linear growth of Botrytis allii 

Tine after 
inoculation 

{h<?urs} 

Mean colony dianeter 
(CLl. ) 

Percentage inhibition 
of growth 

Control 10 ng. Ing. 0.1 ng. 10 ng. 1 ng. 0.1 ag. 

24 1.4 0,5 0,5+ 0.8 100 100 70 

48 2.8 S 0.5 'O~5+ 1.2 S 100 100 70 

72 4.8 0.5+ 0.5+ 1.9 100 100 61 

96 "6.9 0.5+ 0.5+ " 2.7 100 10e 64 

120 '8.8 0.5+ 0.6 3.8 100 96 61 

144 C 0.5+ 0.7 5.1 

192 0.6 "1.0 C 

240 0.8 M "1.4 8M 

267 1.0 1.7 

358 1.8 3.1 

Mean increase of colony dianeter in cn./day 

Co~trol 10 og. "I ng. 0.1 ng. 

1.65 0.13 0.22 0.77 

C = Mycelia covering plates 

S = Start of sporulation 

M = First appearance of clearly defined saltant 

+ = Slight growth, but less than 0.05" co. 
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2. 2 2: 3 : 4 : 5 TCNJ3 

The linear growth of Botrytis allii in the presence of 

this fUl1gicide is recorded in Table 2. This conpound exerted u 

greater effect upon the linear grovnh rate, and hyphnl norpho1ogy 

thnn PCNB. A lag phose was evideZlt for 3 days in the 10 Dg. 

replicates. Very little growth was Dade in the 10 l'1g. and log. 

treatnents during tho iirs~'5 days. 

The nyceli~.1 was pignentecl a dark brown, and cooposed 

of short swollen cells of irregular outline fOrTling conpact nodular 

nusses around the inoculuo. l~sistant saltants appeared as clearly 

defined sectors in the 10 ng. and 1 ng. trentnents. 1-3 sultanta 

appeared in 4 out of 10 colonies after 10 days in the 10 ng •. treat­

Dent, and 1-2, in 5 out of 10 colonies after 10 days in the 1 ng. 

trentnent. Sporulation was conplete1y suppressed during the 

course of the exprioent in the 10 Dg. treatnent, but appeared 

after 10 days in the log. treatoent and after 2 days in the 0.1 

ng. treatnent. Sporulation was recorded by Brook mId Chesters 

(1957), for Botrytis cinerea in the presence of 10 ng. 2:3:4:5 

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

concentration. 
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Table 3. 

Effect of 10 og. t 1 nq: .• and 0.1 Bg. 2:3:5:6 TCNB on the linear 
grolVth of Botrytis allii 

Tine after 
inoculation 

(hours) 

24 

48 

72 

96 

120 

144 

192 

·240 

268 

316 

364 

485 

C = Mycelia 

Mean colony diaoeter 
(cn. ) 

Control 10 og. 1 og. 0.1 ng. 

1.'4 0.5 0.5 0.5+ 

2.9 S 0.5 0,5+ 0.5+ 

4.9 0.5 0.5+ 0.5+ 

7.0 0.5+ 0.5+ 0.6 

8.9 0.5+ 0.6 0.7 

C 0.5+ 0.7 0.8 

0.5+ 0.7 0.9 

0.6 0.8 1.2 

0.6 0.8 1.5 

0.7 1.0 M 4.3 

0.9 1.1 6.5 

1,4 M 1.7 C 

Mean increase 'of co lony diocleter 

Control 10 ag, Ing. 0.1. ng. 

1.69 0.06· 0.07 0.43 

covering plates 

S = stnrt of sporulation 

+ = Slight growth, but less than 0.05 cn. 

Percentage inhibition 
of growth 

10 rIg. 1 og. 0.1 ng. 

100 100 ,100 

100 100 100 

100 100 100 

100 100 95 

100 95 95 

in cn~/day 
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Table 4. 

Effect of 10 nge, 1 nr.:. and 0.1 ng., 2 :3:4:6 TCNB pn the linear 

growth of Botrytis allii 

Til:le after Mean colony dinnetcr Percentage inhibition 
inoculation (co.) of growth 

(hours) Control 10 ng. 1 ng. 0.1 ng. 10 ag. log. 0.1 ng. 

24 1.4 0.5 0.5 0,5+ 100 100 . 100 

48 2 0 8 S 0.5 0.5+ 0,5+ 100 100 100 

72 4.8 0.5 . 0.5+ 0.6 100 100 95 

96 6.7 0.5+ 0.5+ 0.6 100 100 95 

120 C 0.5+ 0.5+ 0.7 

144 0.5+ 0.6 0.8 

160 0.5+ 0.6 0.9 

216 0.5+ 0.6 1.1 

264 0.6 0.6 1.4 M 

360 0.7 0.8 14 1.7 

456 1.0 1.1 

552 1.3 M 1.5 

648 1.7 2.2 

Mean increase.of colony diaoeter in cn./day 

Control 10 ag. 1 ng. 0.1 ag. 

1.69 0.06 0.07 0.10 

C = Mycelia cov~ring plates S = Start of sporulation 

M = First app~arance of clearly defined saltant 

+ = Slight growth, but less.than 0.05 cn, 
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2. 3 2:3:5:6 TCNB 

The linear growth of Botrvtis'allii in the presence of 

this fungicide is recorded in Table 3. The response to this 

fungicide was sinilar to that des~ribed by Howlett (1955), and 

Parry (1957). The lag phase was 4 days in the 10 ng. replicates 

and 2 days in the 1 ng. replicates. In the l' !:le. replicates, 

1-2 resistant saltants appeared in 4 out oi"lO replicates nfter 

13-20 days. The first hyphae forned were nodified in the nanner 

'described for 2:3 :4:5 Telm. Sporulation was suppressed during 

the course of the exper~ent at all three concentrations. 

2. 4 2:3:4:6 TCNB 

The linear grol~h of Botrytis allii in the presence of 

this fungicide is recorded in Table 4. This coopound exerted the 

nost pronounced effect on growth and hyphal Dorphology of the four 

substances used. In contrast to Parry (1957), who was unabl~ to 

obtain r'esistant sal tants, this isooer stinulated the pro~luction of 

a large nunbor of resistant saltants. In the 10 DB. replicates, 

'1-2 resistant sal toots appeared in 4 out of ten replicates after 

23-27 days, and in the 1 ag. replicates, 1-3 resistnnt saltents 

appeared in 7 out of 10 replicates Biter 15-27 days. Sporulation 

was not evident at the three concentrations used. 

Suooary of results in Tablesl to 4. 

The general pattern of response of Botrytis allii to 

PCNH and the three isoners of TCNB was basically s~ilar. In the 
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initial period of grolrlh 'fron the inoculuo, gnarled distorted cells 

were produced which were Dore deeply pignented than those of the 

parent in the absence of the fungicides. These cells tended to 

forn nodular nasses of hyphae protruding above the surface of the 

agar. Sub-surface growth was always less irregular, and the 

cells were less nodulose. After this initial period, the hyphae 

fomed were less distorted, and swollen. Sporulation was con­

pletely suppressed with 2:3:5:6 and 2:3:4:6 TCNB, dininished with 

2 :13 :4:5 TC!m, whereas PCNB had little effect. Resistant saltants 

were produced after varying periods of treotnent. These saltant. 

sectors were ,initially white but gradually becrn3e pale cre~y 

brown. The nyceliuo was nlways closely adpressed to the agar, 

and was sioilnr to that produced by the parent in the absence of 

the fungicides. The initial period of growth wns charncte:rized by 

an increasing linear growth rate, which approached, but did not 

reach that of the parent in the absence of fungicides. This 

suggests that sone neasure of resistance had been built up by the 

non-saltant nyceliuo. 

Theseexperinents were .repeated using the original Petri 

dish lids with new cultures. The SaDe results were obtained with 

original 10 ng., and 1 ng. lids. The o.i ng. lids were not so . 

effective in retarding linear growth, as the original lids. This 

was probably due to volatilisation of the fungicide. 
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2. 5 Effect of PCNB and'TCNB on linear growth of growing 

cultures of Botrytis allii. 

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

fungicide was introduced into the environoent ~ediatelyaftor 

inoculation. 

The effects of the fungicides on established colonies 

were now studied. Th,e Petri dish lids of co lonies c! approxi-

nntely 2, 3, 4 and 5 cn. dinneter originating fron a non sporu-

Inting 0.5 CD. disc were replaced with lids containing 10 ng. of 

the fungicides. The results obtained nre recorded in Table 5. 

Table 5. 

Effect of .2CNB and TCNB on linear growth of growing cultures 

of Botrytis allii. 

Treainent Lag phase True for nppearnnceof 
(hours) iirst resistant snltnnt 

(days) 
Colony diru::lcter in cn. 

2 3 4 5 2 3 ,4 5 

No clearly defined 
PCNB resistmlt saltants 

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

2:3:5:6 TCNB 24 1& 12- 12- 8 5 7 5 

2:3:4:6 TeNE 72 72 48 4B 15 11 11 13 
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A. B. 

Plata 1. Effect of introducing 10 ng. 2:3:4:5 TCND in ~rowing 

cultures of Botrytis allii. 

Explanation of Plate 1. 

The plate shows two colonies A, and l3, ufter 16 days gr owth in the 

presence of 10 ng. 2:3:4:5 TCNE. The flLt}f; icide was introduced 

when the dia.""1eter of the colonies was approxin ately 4 .0 co. 

Subsequent growth wus Bade by non-saltant oyceliUI:l in Petri dish A., 

and non-saltant, and saltant oyceliun in Petri dish B. The 

irregular wavy outline of the colonies vms characteristic of all 

treatnents. Petri dish 0 shows two non-sporulatinG saltant 

sectors which arose after D days. The pale areaS ut the edge 

of the saltant sectors were due to non-pi@.1cnted hyphae. 
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The results recorded in Table 5 show that except in the 

PCNB cultlares, where no clearly defined resistant saltants were 

seen, the lag phase and tine for appearonce of resistant saltants 

conpared with cultures where the fungicide was introduced 

irnecliately after inoculation, were reduced. .The subsequent 

growth rate and norphology of saltnnt and non-snltant hyphae in all 

treatnentsweres~ilor to those found in the experioents recorded 

in Tables 1-4. Sporulation stopped on addition of the fungicides, 

but was resuned in the peNB replicates after 40-72 hours. 
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2.6 Gemination of spores of Botrytis nllii in the 

presence of peND and TC1~. 

Tho sporo gernination of B~allii -in the presence of 

peNB or TeNS was investigated on 1.0 co. dinneter; 3% agar discs 

contnining 2% sucrose. Petri dishes with lids containing 10 ng. 

FeND or TCNB were usod us gemination chanbers. Tho results 

obtained were based on 200-400 spores froD each of 9 replicates 

for each treatnent. These results are rocorded in Table 6. 

Table 6. 

Gemination of spores of B.nllii in presence of PCNB or TeNB. __ 

Tine nfter Percentage geminntion 
inoculation TeNE 

(hours) Control PCNB 2 :3:4:5 2:3:5:6 2:3:4:6 

4 96 08 2 56 0 

(3 98 95 12 92 0 

12 100 100 56 100 7 

16 lOG 100 67 100 24 

24 * * 94 100 47 

72 * * 100 * 95 

118 * * * * 100 

* = Individual gere tubes -indistinguishable. 
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The results recorded in Table 6 show that the control 

spores had all ger.oinated after 12 hours, and sfter 24 hours the 

gem tubes had fomed a rud~entnr.Y nyceliuo in which the 

individual ger.o tubes were indistinguishnble. The spores in the 

presence of PONE ger.oin~ted as rapidly as the control. a~d the 

gem tubes produced ''Tere not norphologically different. The 

TeNE isoners retarded gemination and growth of gem tubes. These 

fungicides also affected the appearance of the gem tubes which 

were short and bulbous with frequent branching; 1-3 gem tubes 

were produced in all treataents. Spore viability was not 

reduced. Table 6 shows thatTCNB reduced the rate of gemination 

in the order, 2:3:4:6> 2:3:4:5> 2:3:5:6 TeND; 2:3:4:6 TCNB also 

produced the greatest effect on gem tube Dorphology and subsequent 

hyphal growth. The behaviour of D.allii spores in the presence 

of PeND or TeNB was identical to that reported by Hewlett (1955), 

for Botrytiscineren. Sinilar results were obtained with two 

different batches of spores. 
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2.7 Linear growth of FCWB and TeND resistant sa1tants in 

absence of fungicides. 

Resistant saltants arising on plates exposed to the 

vapours of peND and TeND were grolm in the absence of these ·vapours. 

After 5 days 0.5 CD. dinooter discs were transferred to a further 

set of Petri dishes. The results obtained are recorded in 

Tables 7 .... 10. 

Table 7. 

Linear growth of PCNB resistfu"1t sa1tnnts in absence of fungicide. 

Tine after Mean colony dioneter Mean 
inoculation (CD. ) 

{hours} 1 2* 3 4 5 

24 1.2 1.3 1.6 1.5 1.4 1.4 

40 2.2 2.6 2.7 2.8 2.6 2.6 

72 4.1 4.3 4.3 4.7 4.5 4.4 

96 5.9 6.3 6.6 6.6 6.4 6.3 

120 7.7 0.3 8.4. 0.5 0.2 8.2 

Moan increase of colony diooeter in co,/day 

* = Resistant saltant used in subsequent experioents. 
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Table O. 

Linear growth of 2:3:4:5 TCND resistant snltants in absence of 

fllllgicide. 

Tine after inoculation M:ean colony dinoeter Mean 
(hours) (en. ) 

1 2* 3 4 5 

24 1.6 1.4 1.5 1.4 1.2 1.4 

4D 3.0 2.0 3.0 2.8 2.3 2.0 

72 4.0 4.6 4.6 4.7 4.1 4.6 

96 6.9 6.6 6.7 6.6 6.1 6.6 

120 C 0.7 8.9 0.4 7.0 5.5 

Meon increase of colony dianeter in cn./day 

* = Resistant snltant used in subsequent experinents. 

C = Myceliuo covering plate. 
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Table 9. 

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

fungicide. 

Tine after inoculation M:can co lony di [)!:.1eter Me on 
(hOurs) (co.) 

1 2 3 4* 5 

24 2.0 l~O 1.5 1.5 1.2 1.6 

4B 3.3 3.3 2.7 2.7 2.5 2.9 

72 5.0 4.0 4.3 4.4 3.9 4.5 

96 6.0 6.7 6.4 6.5 5.9 6.5 

120 C 0.7 0.3 0.5 7.7 0.3 

Mean increase of colony diaoeter in cO./day 

1.7 

* = Resistant snltant used in subsequent experinents. 

C = Myceliun covering plate. 
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Table 10" 

Linear growth of 2:3:4:6 TC~m resistant snltants in absence of 

flL"1r.;icide. 

Tine after inoculation Mean colony diooeter Mean 
(hours) (cn.) 

1 2 3 4 5* 
, 

24 1.5 1.3 1.3 1.0 1.2 1.3 

4B 2.5 2.2 2.4 2.1 2.2 2.3 

72 3.9 3.5 3.0 3.2 3.5 3.6 

96 5.5 4.9 5.2 4.0 4$0 5.C 

120 6.0 6.2 6.7 5.6 5.9 6.2 

144 0.3 7.3 8.0 6.9 7.0 7.1 

168 C 0.7 C 0.3 0.5 8.5 

Me&~ increase of colony aiaoeter in cn./day 

1.2 

* = Resistant snltnnt used in subsequent experinento. 

C = Mycelin covering plates. 
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The results recorded in Tables 7-10 show that the rate of 

linear grovrth of the resistant sal tnnts , with the exception of the 

2:3:4:6 TeND resistant saltnnto was sli~ilar. These results were ob-

tained with 20 saltants, 5 fron PCl~ trcatnent, ruld 5 fron each of 

the TeNT3 treatnents. The nean incrense in colony diaoeter in cn./ 

day of the 2:3:4:6 TClt3 rosistant saltants was alwayo less than 

that 0 f the parent an.d other res istant s 0.1 tants • The 2:3:4:6 TeND 

resistant saltnnts took 6-7 days to reach n diaoeter of 0.5 cn. 

The parent and other resistant saltants took 5-6 days to rench . 

this dianeter. Hyphal norphology and sporulation "!~~O identical 

with that of the parent in the absence of fungicide. 

The resistant saltnnts nnrked with an asteriok in 

Tables 7-10 were subcultured and used in/ subsequent experinents 

'with halogenated nitrobenzenes, 2, G dichloro-4-ni tronniline, 

2:3:5:6 tetrachloroaniline and benzene. They were regarded as 

representative exmoples of resistant saltents arising under the 

various trea~~ents. These resistant saltants are subsequently 

referred to in the text as resistant strains, e.g. 

PCND resistant strain 

2:3:4:5 TC~m resistant strain 

2:3:5:6 TeND resistant strnin 

2:3:4:6 TeND resistant strain 
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2.0 Linear ero,~h of parent and resistant strains of 

Botrytis allii in presence of PCNB or TCNB isoners. 

The resistant strains vreregrolVU in the presence of lOng. 

PCN~, or TeND·isoner. The linear growth of these resistant 

strains is recorded in Tables 11 - 14. 

Table 11. 

Linear growth of narent'&,d resistant strains of B.allii in 

the presence of 10 mg. PCl{8. 

Tine after 
inoculation 

(hours) Parent 

24 0,6 

48 0.9 

72 1.4 S 

96 2.3 

120 ' 2.8 M 

168 4.5 

216 6.3 

Mean increase 

Mean colony dioneter, (co. ) 
Resistant strains 

PCln3 2:3:4:5 2:3:5:6 2:3:4:6 

0.8 1.1 0.9 1.2 

1.2 2.2 1.9 2~1 S 

2.1 S 3..2 S 2 .• 5 S 3.3 

3.2 4.0 3.3 4.6 

4.2 5.7 4.4 6.1 

5.7 7.4 5.8 7.0 

7.0 C 8.0 C 

in colony dioneter cn./day 

Parent reNB 2:3:4:5 2:3:5:6 2 :3:4:6 

0.6 0.0, 1.0 0.8 1.0 

S 7. Start ,of sporulation C = Plates covered with mycelia 

M = First appearance of clearly defined aaltant. 
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Table 12. 

Linear growth of £urent alid : res istant strains of B. allii in 

the presence of 10 ng. 2:3:4:5TCNB 

Tine after inoculation Mean colony diru3eter (CD.) 
(hours) Resistant strains . 

Parent PCNB 2:3:4:5 2:3:5:0 2:3:4:6 

24 0.5 0.5+ 0.7 0.6 0.6 

48 0.5 0.5+ 1.1 0.7 . 0.0 

72 0.5 0.5+ 1.,5 1.3 1.2 

96 0.5+ 0 .. 6 1.9 1.0 " 1.6 

120 0.5+ 0.8 2.3 2.2 2.2 

144 0.5+ 1.0 2.0 2.4 2.5 

168 0.6 1.5 2.9 2.7 2~9 

216 0.7 2.0 3.7 3.3 3·.5 

312 0.9 M 3.2 5.2 4.9 5.1 

360 1.3 3.0 6.1 5.7 5.7 

400 1.0 4.4 7.0 6.4 6.6 

Mean increase in colonY,diaEcter cn./day 

Parent PC.NB 2:3:4:5 2:3:5:6 2:3:4:6 

0.26 , 0.30 0.34 0.36 

+ = Slight growth, but less thnn 0.05cm. 

M = First appearance of clearly defined sal tent. 
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Table 13. 

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

the presence of 10 E[s- 2:3:5:6 TeND 

Twe after inoculation Mean colony diameter (coe ) 

(bours) Resistant otrains 
Parent peND 2:3:4:5 2:3:5:6 

24 0.5 0.5+ 0 .. 6 . 0.8 

40. .. 0.5 0 .•. 5+ .. 0.7 1.1 

72 ·0.5, 0.9+ 1.1 :a.:~ 

'96 0.5+ '0.9 ,2.,0 . 3.~:. 

120 0·.5+ 1 •. 3 3.0 4.2 

'142 0.5+ 1.7 4.2 5.2 .. 

168· O.-5io 2.·2 . 5.2 6.2 

216 0.5+ " 3.2 7.4; B,2 

.266· 0.6 4.7 9· .0 

360- 0.9, 7.0 

400 I.1M C 

514 1.5 

• Mean increase in colony diaoeter cu./day . 

Parent peNE 2:3:4:5 2:3:5:6 

0.07 0.5 0.0· 0.9 

+ = Slight growth, but less thnn 0.05 cn. " 

M: = First appearance of clearly defined 'sal toot 

C ;::;' Plates covered wit~ nycelia. 

" 

2:3:4:6 

0.9 

2:3:4:6 

. 0.·7-

1 .• 3-.. ' 

, 2 .. 4 

.3.4' 

.4.6· 

5.6 

6.8, 

c 
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Table 14. 

Linear growth of 12arent mId resistant strains of B.allii in 

presence of 10 ng. 2 : 3 : 4: 6 TCl\1J3 

Tine after inoculation Mean co lony di ooeter (co. ) 
(hours) Parent reNE 2:3:4:5 2:3:5:6 2:3:4:6 . 

24 0.5 0.5+ 0.5+ 0.5+ 0.5+ 

4D 0.5 0.5+ 0.7 0.6 0.9 

120 0.5+ 0.6 1.3 1.1 2.0 

160 0.5+ 0.0 1."1 1.5 2.6 

192 Oe5+ o.n 1.0 1.7 3.0 

240 0.6 1.1 2.2 2.1 3.7 

33G 0.6 1.5 3.1 3.1 5.3 

432 0.9 1.9 3.0 4 8 0 6.9 

480 1.1 2.2 4.1 4.4 7.9 

520 1.3 M 2.4 4.4 4.9 0.7 

Mean increase of colony diaoeter in cn./day 

Parent peND 2:3:4:5 2:3:5:6 2:3:4:8 

0.05 0.09 0.15 0.20 0.37 

+ = Slight growth, but less than 0.05 co. 

hi = First appearance of clearly definedso,ltant. 
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PCND 10 ng. 

The growth of the parent and resistant strains in the 

presence of, peND is recorded in Table 11. This table shows that 

each of the resistant strains grew nore quickly than .the parent, 

and the 2:3:4:6 and 2:3:4:5 TeNE resistant strains grew faster 

than the ~~NB resistant strain. Hyphae of the resistant strains 

were sioilar in uppearrulce to those of cultures grOVnl in the 

absence of fungicide.' .All replicates sporulated after 40 - 72 

hours. Erect conidiophores and' nornal conidia were foroed. No 

saltent sectors appeared in any of the Petri dishes of the 

resistant strains. 

2:3:4:5TCND 10 nn;. 

The growth of the parent and resistant strains in the 

presence of 10 ng. 2:3:4:5 TCNS is recorded in·Table 12. Each 

of the resistant strains grew norequickly than the parent. The' 

nost resistant strain \vas the 2:3 :4:5 TCrll3 resistant strain. 

The experinent showed that strains resistant to 2:3:4:6, and 2:3:5:6 

TCND were alnost as resistant to 2:3:4:5 TeND as the resistant 

strain originally produced under this regina. 

2:3:5:0 T~NB 10 ng. 

The growth of parent and resistant strains in the 

presence of 1~ ng. 2: 3: 5: 6 TCrID is recorded in Table 13. Table 13 

shows that the resistant strains Vlere far Dore resistllllt to 
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2 : 3: 5: (3 TeNE thon the parent strain~ 

2:3 :4:6 TCNE 10 :u~.;. 

The growth of the parent and resistant strains in the 

presence of 10 ng. 2:3:4:6 TCl~ is recorded in Table 14. This 

table shows that the resista.1'1t strains grew nore quickly than 

the parent in the presence of this isooer. The PCNB resistant 

strain was only slightly Dore resistant than the parent. The 

2:3:4:0 TCND resistant otrain, waG clearly nore resistant than 

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

8uooary of reGults. Tables 11 - 14. 

The response of the resistant strains to the vapours of 

PC~ID and TCNB, shows :that resistance originating in the presence 

of one of the fungicides conferred sone resistance to each of the 

other three fungicides. The experinents showed that 'when B. allii 

was exposed to either peND or TeND isoner n CODDon adaptation 

nechnnisD conferred resistrulce to each of the four fungicides. 

The experinents also showed that with 2:3: tl:8 TCNB'there was SODe 

specific adaptation to this fungicide, as the 2:3:4:6 TeNE 

resistant strain was clearly nore resistant to the vapour of this 

fungicide than the other resistant strains. The activity of the 

fungicides 'incre,ased in the orderPCNB, 2:3:5:0 TCNB, 2:3:4:5 

TeND, 2:3:4:6 TeNE. The resistance of the strains to the other 

fUngicides increased in the order peND, 2:3:5:6 TeNE, 2:3:4:5 

TCNE, 2:3:4:6 TeND. 
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In the presence of PCND, theTCNB resistant strains 

were us resistant as the strain o,riginally developed in the 

vnpour. In the presence of any TCI~ isoner, the TeND resistant 

strains were Dore res istunt to these vapours than the peND 

resistmlt strain. In the presence of 2:3:4:5 and 2:3:5:6 TClf13 , 

the three TCND resistant strains showed the SaDe degree of 

resistance to these vapours. In the presence of 2 :3' :4:6 TCNB, 

thG 2: 3 :4:6, TCN.J3 Desistani strain was nore resistant to the 

vapour of this fungicide thnn either the 2:3:4:5 or 2:3:5:6 TeND 

resistant strains. 



2.9. Growth of nonsaltant T.lycelia taken fron 

colonies of Botrrt~s· alliigr·owing in 

presence of PCNH or TeNB isomer •. 

TheEle experinents were carried out to see whether non"' 

saltant oycelia of D.nllii which had been growing in the presence 

of peND or TeND was Dore resistant to these fungicides than un-

trained parent oycelia. 

After 4 weeks growth in the presence of 10 ng. PCNS or 

TCND, 2 no.·, discs of non-saltent and saltant nycelia were taken 

fron the colonies and transferred to fresh Petri dishes containing 

10 mg. of reNE or TCNB. The position of the discs ,with respect 

to the resistant snltnnt is sho'WIl in Fig. l~ 

Fig. 1. Diagr~atic representntion of Petri dish culture 

,of B. allii after 4 weeks grcwrth in 10 ng. 2:3 :4:6, 

TO~'Jl. 

8f=-=1 ... --... ~ ---. Area. regarded as saltant sector • 
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The results of these exper~ents are auonarized in 

Tables 15 and 16 •. 

Table 15. 

Growth of non·saltant discs in presence of 10 ag. 

Fungicide 
treatnent 
,(10 og.) 

FCNE or TCND 

Mean increase in colony 
diaaeter in cn./day 
Original treatoent 

TCNB 
None PCNn 2:3:4:5 2:3:5:6 2:3 :4·:6 

Control 

FeND 

2:3:4:5 'reND 

2:3:5:6 TeND 

2:3:4:6 TeND. 

1.5 1.4 

0.60 0.78 

0.11 0.D8 

0.06 0.06 

0.05 0.06 

Table 16 

1.3 1.4 

0.56 0.47 

0.18 0.12 

0.17 0.20 

0.08 0.0(3 

Growth of saltant di,f!.c.G in presence of 10 FIg. PCNB 
or TeNJ} 

Fungicide 
trea.toent 
(10 oi.) 

Mean increase in oolony 
dimoeter.in cn./day 
Original treatoent 

TeND 

0.9 . 

0.B2 

0.16 

0.14 

0.09 

PeNE 2:3:4:5 2:3:5:8 2:3:4:6· 

Control 1.3 1.5 1.4 1.2 

peNn 0.02 0.94 0.75 1.04 

2:3:4:5 TCNE 0.22 0.43 0.26 0.34 

2:3:5:6 TCNE 0.53 0,04 0.93 0.80 

2:3:4:6 TCND. 0.00 0.26 0.17' 0.42 

The results recorded in Tables 15 and 16 were based 

on 10 replicates of each treatnent. The values for the nean 
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increase in colony diaoeter in en./day were evaluated after 

5 days for the untreated control and peNB treatoent, and when 

the colonies h@d reached a Dean diruweter of 2.0 cn. for the 

TCNB treatnents. 

Tables 15 and 16 show that the level of resistance 

of the non·sal tent nyceliuo was always less than that of the 

saltant oyccliuo for each treatoent. Conparison with the 

results in Tables 1 - 4 shows that non-saltent oyeeliuo was 

Dore resistant to the fungicides than the parent nyceliun. 

Ve~ little resistance had been built up by the non-saltent 

nyceliuo. This kind of result was obtained for Botrytis 

cinerea in the presence of peNB and 2:3:5:6 TeNB by Hewlett­

(~955). 



-47-

2.10. Gemination of spores of parent and 

resistant strains of Botrytis allii 

in presence of peNB or TeNB. 

Spores were taken fron cultures of resistant strains, 

after sub-culture for 2 weeks in the absence of ·fungicide. 

The nunber of spores was reduced to 200 per 0.02 01; drop to. 

prevent the nycelin produced fron oaskingungerninated spores. 

The percentage' gemination was deternined after 24 hours ," and 

the results recorded in Table 17. 

Table 17. 

Gemination of sEo~~_~.~ .. :Ear~!.;., .. ~~~_~~ .. ~C~ 
resistant strains in presence of PeNB or TCNH' --------_ ...... ........-.-.-. .......... ~. .. ... ... - .......... . 

Strain . Percentage gemination 
TCNB 

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

Parent 100 100 92 99 

PCNB 99 99 88 98 

2:3:4:5 TCNH 96 95 94 97 

2:3:5:6 'TCNH 93 94 93 92 

2:3:4:6 TCNB 94 95 07 94 

49 

42 

66. 

.70 

76 

The results recorded in Table 17 show that in the 

. ~. 

absenca of peNB or TCNB, the spores of the TeNS resistant strains 

::were
r 

leas viable than those of the parent or PeNH resistant 

strain. This reduction in viability was snall, the greatest 
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reduction, 7"', was shown by the spores of the 2:3:5:6,TCNB re­

sistant strain. The percentage gemination of spores of the 

2:3:4:5, 2:3:5:6, and 2':3:4:6 TeNE resistant strains after 24 

hours in the presence of 2:3:4:5 TeNB was higher than the per­

centage geroinat,ion o.f spores of the parent or peNB resistant 

strain in this fungicide. Tl1is increased gemination wan due to 

the nore rapid gro,vth of ,the gem tubes, as nearly all those 

spores" regarded asungeroinated by definition in section 111.6.0, 

showed 7a-93% gemination., -considered as any spore showing any . 

sign of gemination. The effect of the. fungicides on gem tube 

and subsequent hyphal corphology was the sane as that found with 

thee e f~gicides on parent spores. ' 
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2.11. Grm·rth of p'El!..ent and reEll.sJii1Jl!i strains 0.1. 
~9~;Y~~~ nllj.i ~n liqui~di!!E!. 

The behaviour of 00 5 CDo non sporulating discs of the 

pa:rent D,::ld res ist,fu"'1"& strains of 13-, alli.i waD investigat,cd in 50 0.1 e 

glucose IJeptono Dedh~no Flasks were seeded with pareni and re-

c istrurb stl'ainfJ ~ Twenty replicates of each strain were prepared~ 

and at intervals t,'!O replicates of these shnke cultures were 

taken, ond the drJ weight of oyceliuo, llt.'1d the residual glucose 

of the nediun were found" Glucose vTuaestinated in the 

following VTO,yc 

Ere'parq:~.ion and standar!1isQ-jiJon of Fehling's 

.§Elll:i.iC?.n for deternination of r-:lucosq, 

;'??~.}~·:tt~.!l,..A; 

17 0 320 g. of ".lmal ur" coppe~ culphate, CuS04 ,5H2 0 ~·.-as 

dissolved in water and nade up to 250 01. in u voll.:netric flask o 

86 c 5 go of sodiun potaosiun tartrate, C4H406Nru{~4H20 

tiQ:J dic90lved in 100 01., warn water and added to 30 g. "lmalar" 

ccd:trn . hydroxide ~ NllOS:- dioDol VGd in 'l?'utcr e 'll1e resulting 

oolution wan cooled and nude up to 250 01. in a volunetric flash: o 

lVhen glucooe estioations ,were carried out, equal 

volunes of solution A und B were nixed thnroughly by shaldng o 

This solution was standardised against a solution of "Annlar" 
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anhydrous glucose of known concentration. 

25 n10 of the freshly prepared 'and standardised 

Fehling's solution was pipetted into a porcelain" evaporating 

basin, and diluted with an equal volune of distilled water. . , 

This solution 'Was boiled very gently for 30 seconds. The 

fil tered cuI ture nediun 'w'us slowly run into this boiling 

solution fran n burette until the blue colour disappeared. 

Estinntions of glucose in the culture nediun were 

initinlly carried out using 25 nl. nliquoto of Fehling's 

solution, but this was reduced to 5 01. nliquot!3 during the 

course of the experioents. 

In the following tables residual glucose values lower 

thnn 0.0010 g./nl. were not recorded. 

The original glucose concentration of the glucose 

peptonenedia was 0.010 g./nl. 

Deteroinntion of dry weight of nyceliuo 

The oyceliuo was renoved fron the cultures, washed, 

drained, placed in pre-w~ighed aluoiniun cups, dried at 70°C. 

for 24 hours, and then reweighed. The "econooic coefficients", 

:ecorded in Tables 20, 23, 26, 29 and 32 were obtained by 

dividi~g the ~ weight of nyceliuc produc~d by the 'weight of 

glucose used. 
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!,gble 18 

Dry 'weight of nyceliun produced by parent 

and resistcn~ strains of Bot~is allii in 

liquid nediun. 

Tine after Dry weight of cyceliuo in ge 
inoculation Res istant strains 

(days) Parent FCNB 2:3:4:5 2:3:5:6 

I' 0.0146 0.0093 0.0165 0.0201, 

2 0.0391 0.0822 0.0520 0.0672 

3 0.0964 0.15'77 OfJl166. 0.1399 

5 0.1714 0.2098 0.1043 0.2247 

6 0,,1815 00 2252 0,,1606 .0.2403 

7 Oe2201 0 0 2274 0 0 2401 0.2476 

0 08 2197- 0&2250 00 2604 0(12285 

9 0.2246 Oe2116 0.2311 0.2162 

2:3:4:6 

0.0207 

0,,0800 

0.1582 

0 0 2397 

0.2411 

0.2424 

0.2226: 

0.1987 

Dry weight of inoculun (nean ten replicates) in g. 

Parent peND 2:3:4:5 2:3:5:6 2:3:4:6 

00 0011 0,0013 0.0015 00 0015 0.0012 
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Table 19. 

Residual glucose in nediuo. 

Tine after Residual glucose in g./ol. 
inocul ntion Resistant strains 

(,days) Parent PCNB 2:3:4:5 2:3:5:6 2:3:4:8 

1 0.0087 0.0093 o.oone 0.003e 0.0003 

2 0.0066 0.0055 0.0064 0.0061 0.0059 

3 0.0045 0.0032 0.0046 0.0043 0.0029 

5 0.0026, 0.0015 0.0024 0.0011 

6 0.0022 0.0023 

7 0.0010 ' 

1.able 20. 

'Econonic coefficient. 

Tine after Econonic coefficient 
inoculation Resistant strnins, 

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

1 0.21 0.23 0.21 . 0.27 0,27 

2 0.22 0.36 0.20 0.34 0.,33 

3 0.35 0.48 0.43 0.48 O~.45 

5 0.46 0.49 Oe:40 0.,50 

6 0.4G. 0 0 .42 -
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Table 18 shows the dry weight of nyceliuo produced, 

and Tables 19 and 20 the residual glucoae and "econonic coe­

fficient". 

In. all readily observable aspects the PCNB and TeNE 

resistant strains behaved sinilarly to the parent. After 2 days 

a conpact nyceliun fomed which enveloped the inoculun. Feathery 

nycelial strands originated froD the coloniesG The colour of 

all the nyceliuo produced was a pale grey bro\1.n. Sonll 

nyceu.o.! "paiLle.tee -cppeared in thenediun af-ber three dayso The 

colour of the uain colony deepened with oge, and finally becruoe 

a golden brown after 6 daya. Growth occurred at the glass 

liquid interface and snaIl black sclerotia like bodies were 

forned~ Sporulation started after 3-4 days. The no.xmun dry 

weight of nyceliuo was recordecl at 7 -D days. Glucose l'laS used 

rapidly and disappeared fron tho nediun after 5-0 days. The 

value of the "econonic coefficient" VIas between 0.,21 and 0.51. 

The results in Tables 10, 19 and' 20 show that there 

was no significant difference between the parent and fungicide 

resistoolt strains. 
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2.12 Growth of parent and resistant 'strains of 

Botrytis allii in liquid nediuo containing 

10 ng ft peNn or TCl~ 

The bohaviour of 0 0 5 CD" non-sporulating discs of the 

parent and resistant strains of D" allii was investigated in 

liquid nediuo containing 10 og. of peND or TCNB. Acetone 

solutions of peliS or TCrfB ware put into sterile 250 Dl. conical 

flasks containing 0 0 5 Dl. water. The fungicide was precipitated 

fron solution and after evaporation of the acetone and water 

(2 days), a fine filn of fungicide was left on thebotton of the 

flask. Fifty 010 glucose peptone solution was added and the 

flasks seeded with parent and resistant strainso The dry 

. weight, and residual glucose doterninations of these shake 

cultures were carried out as described in section 2.11. The 

results of these exper~ents are recorded in Tables 21 to 32. 



: 
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Table 21" 

Dry weight of nycelillo produced by parent and resistant 

. strains in liquid nediTIO containing 10 ag. peNB. 

Tine after Dry weight of nyce1iun 1n g. 
ino cuI at ion Resistant strains 

(days) Parent peNB 2:3:4:5 2:3 :5:8: 2:3:4:6 

2 OD0287 0.0197 0.0239 0,0260 0.0331 

3 0 8 0$98 0.0421 0.0523 0.0664 0.0686 

5 0.9887 0.1443 0.1577 0.1025 0 •. 1725 

7 0.1273 0.2065 0 .. 1831 0.1779 ·0,2465 

9 0.2061 0.2362 0 .. 2196 0.2426 0,2207 

11 0.1966 0,2248 0.2136 0.2361 0,2351 

15 0,2004 0.2011 0.2266 0.2243 0.1942 

Dry weight of inoculun (nean ton replicates) in g." 

Parent peNH 2:3:4:5 2:3:5:6 2:3:4:6 

0.0013 0.0014 0.0011 0.0012 O~0014 

Table 22. 

Residual glucose of nediuo 10 ng. peNH. 

Tine after Residual glucose in g./ol. 
inoculation Resistant strains 

(days) Parent peNH 2:3:4:5 2:3:5:6 2:3:4:6 

2 0.0005 0,0008 0.0080 0.0082 0.0002 

3 0.0070 0.0078 0.0060 0.0060 0.0075 

5 0.0055 0.0042 0.0034 0.0040 0.0031 

7 0.0036 0.0013 0.0022 0.0024 -
9 0.0014 - 0,0010 ,.. 
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Table 23. 

Econonic coefficient. 10 ng. peNB 

TiDe after Econonic coefficient 
inoculation Resistant strains 

(days) Parent PCNB 2:3:4:5 2':3 :5:6 2:3 :4:G 

2 0.38 0.20 0.22 0.29 0.37 

3 0.39' 0.37 0.32 0 0 33 0.55 

5 0.39 0.49 0.47 O~37 0.50 

7 0.40 0,47 0.47 0.47 

9 0.40 0.48 

10 DB. PCNB. Parent and resistant strains 

Table 21 shows the dry weight of oyceliuo produced, 

and Tables 22 ond 23 the residual glucose and "econonio 

coefficient". 

In the parent cultures a fine feathery nyceliuo, pale 

cre~ in colour enveloped the original inoculun after 2 days, 

After 3 to 4 days severnl snaIl nycelinl pell eta, rescnbling 

the nain COlony developed in the nediuo. Growth and rsporul at! on, 

appeared at the glass liquid interface after 3 to 5 days, 

This nyceliuo was nore deeply pigoented than the floating 

/ 
colonies. Soall black sclerotia like bodies were found at the 

glass liquid interface after 9 days, The Dnin colony 

sporulated after {) to 8 days, sODewhat later than the controls 

with no fungicide, Also" fewer spores were produced. The 

oaxiouo dry weight of nyceliun for the parent culture was 

recorded at 9 days. 
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The behaviour of the PeNH and TCNB resistant 

strains was sioilar in all instances. The,~axinun ~ 

weight of nyceliun waD recorded at 7 to 9 days. The 

differences between tho gro'wth of these strains and that of the 

parent in the presence of peND was tho Dore rapid production 

of nyceliuo &ld utilisation of glucose by the rosist&~t 

strains. The PCNB resistant strain 'Wus not nore resistant to 

PCND in liquid nediun thun the TCNB resistant strains. The 

PCNB and TeNE resistant strains showed a slight advantage 

over the parent strain in production of dry weight and nore 

efficient utilisation of glucose. 

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

Table 24 shows the dry weight of nyoeliun produced, 

and Tables 25 and 26 the residual glucose and tleconooic 

coefficient". 

In the parent cultures nacroscopic growth ~as seen 

after 2 days. The initial period of grovrth waS characterized 

by a very slow but regular increase in nyceliun. The hyphae 

produced;' 'which fomed a snaIl spherical colony were slightly 

swollen and distorted. Aftor 7 days, snaIl ~odules of 

conpact nyceliun conposed of nomal hyphae appeared and these 

gradually extended over the original inoculuoo A nunber of 

ninute nycelio.l pelleta were present in the nediuo at this 

stnge. Gro,~h occurred at the glass liquid interface nfter 
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1.uple 24 

Dry weight of nycel:i.'tlr.l 12roducecl by narant and resistnnt 

strains in liauid nediun contnir'.ing 10 ng. 2:3:4:5 TCNB. 

TiDe after. Dry weight of oyceliun ih g. 
inoculation Resistant strains. 

(days) Parent peND 2:3:4:5 2:3:5:8 2:3:4:6 

2 0.0013 0.0017 0.0033 0.0036 0.0037 

3 0.0020 0.0042 0.0306 0.0285 0.0361 

5 0 0 0050 0.0077: 0.0962 0.0906 0.0006. 

7 0.0201 0.0411 0.1374 0.1349 0.1225 

9 0.0531 0 •. 0041 0.1510 0.1340 0,1241 

11 0.0646 0 •. 0953 0.1569 0.0966 0.1240 

13 0.0774 0.1264 0.li6S 0.1078 0.1001 

20 0.0642 0.0902 0.0929 0.0903 0.1142 

Dry ,veight of inoculuo (nean ten replicates) in g. 

Parent peNH ~:3 :4:5 2:3 :5:6. 2:3 :4:6 

0.0012 0.0015 0 0 0011 0,,0011 0,0012 
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Table 25. 

Residual glucose of nediun. 10 ng. 2:3:4:5 TCNB 

Tine after Hesidual glucose in g./ol., 
inoculation Resistant strains 

(days) Parent peNE 2:3:4:5 2:3:5:6 2:3:4:6 

2 0.0100 0 0 0099 0.0097 0.0097 0.0095 

3 0.0099 0.0095 0.0002 0.0001 0.0000 

5 0.0094 0.0009 0.0060 0.0056 0.0057 

7 0.0001 0.0072 0.0027 0.0033 0.0021 

9 0.0046 00 0055 0.0016 0.0012 0.0011 

11 0.0022 0.0034 0.0010 

13 0.0016 0.0026 

Table 26. 

Econonic coefficients 10 ES~ 2:3:4:5 TCNE 

Tine iuter Econonic coefficient 
inoculation Resistant strains 

(days) Parent PCNE 2:3:4:5 2:3:5:6 2:3:4:6 

2 0.12 0.14 0.15 

3 0.26 0.11 0.33 0.29 0.38 

5 0.14 0.11 0~48 0.41 0.41 

7 0.20 0.29 0.30 0.40 0.31 

9 0.19 0.37 0.36 0.30 0.20 

11 0.16 0.29 0.34 

13 0 .• 10 0.34 
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13 days, with subsequent production of sDall black sclerotia like 

bodies and abnornal sporulation. Short aerial hyphae were fomed 

with dilated ends, fron which a nuober of irregular swollen cells 

were budded e These swollen cells were conetines septate. They 

were not easily renoved fron the parent structure, and Day re­

present abortive conidia. This abortive sporulation was seen on 

the nuin colonies after 15 to 20 days. nle oycelia and abortive 

conidia were a pale Cre&lY colour darkening slightly with age. 

The behaviour and developnent of the peNB resistant 

strain reseobled that of the parent. Macroscopic growth was 

seen after 2 days and subsequent developnent was identi~al with 

that of the parent cuI tures. The values for the "econonic 

coefficient" were between 0.11 and 0.37 conpared with 0.14 and 

0.26 for the parent strain. The naxinun dry weight of nyceliuo 

recorded nfter 13 days was elnost twice that recorded for the 

parent strain. The PCNB resistant strain was nore resistnnt to 

2:3:4:5 TCNB than tho parent st~ain, and this was shown by the 

greater production of nyceliuo and the nore efficient utilisation 

of glucose. In all other readily observable aspects there was 

no significant difference. 

The three TCNB resistant strains behaved s~ilarly to 

each other, but showed differences fron the parent and FCNB 

resistant strain. There was no corresponding lag phase. A 

conpact pale coloured nyceliun develope'd which enveloped the 

original inoculun after 2 days. This conpnct nyceliuo was con-
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posed of closely interwoven hyphae. rtlter 3 days snaIl nycelial 

pellets, 'identical in appearance to the nain colony appeared in 

the nediun. Growth started at the glass liquid interface after 

7 i'o 9 da~, coo.pared with 13 days for the parent. SnaIl black 

sclerotia like be,dies were fomed at the glass liquid interface 

after 9 to 13 days. Abnoroa1 sporulation was seen on the nain 

colonies onc1 at -the glass liquid interfaces after 10 to 12 days', 

The greatest dry weight of nyceliun was recorded for the 2:3:4:5 

TCNB resistant strain after 11 days. This value was nore than 

twice that recorded fron the parent cultures. The "econonic 

coefficients" recorded for the TCND resistant strains were between 

0.12 ~~d 0.40, conpared with 0.14 and 0.26 for the parent strain, 

The highest value, 0.48, was recorded for tho 2:3:4:5 TCNB 

resistant strain. Table 26 shows that at conparable intervals 

the "econonic coefficient" of the TeNE resistant strains was 

always greater than that of the' parent. Table 24 shown ~hat the 

presence of 2:3:4:5 TCNB reduced the aoount of nyceliuo. produced 

conpared with the controls in Table lB. The oain difference 

between the behaviour of tho TeND resistant strains ond that of 

the parent und ~N.a resistant strain was the nore rapid growth 

and developoont of the TeND resistant strains without proninent 

hyphal abno.n-Juli ty, the greater production of nyceliun, and the 

nore efficient utilisation of glucose. The three TeND resistant 

strains were nere resistant to. 2:3:4:5 TeND than the parent or 

PCND resistant strain. nlO 2:3:4:5 TCNB resistant strain did 
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not appear to have any advantage over the 2:3:5:5 TCNB or 

2:3:4:6 TCWB resistant strains. 

Table 27. 

Dry Weif!Jlt of ~vcclil.1n produced by paront and res istant 

strains in liquid L"lec~iun con-taining 10 ng. 2 :3:5:6 TeND. 

Tine after 
inoculation 

(days) 

2 

4 

10 

12 

16 

20 

25 

Dry weight of nyceli'UO.:",:.l a; ,. 
Resistant strains 

Parent peND 2:3:4:5 2:3:5:6 2:3:4:6 

0.0012 0.0013 0.0013 

0.0017 0.0013 0.0010 

0.0021 0.0035 0.0179 

0.0305 0.0378 0.0710 

0.0377 0.0521 Oe0925 

0.0653 0.0770 0.1174 

0.0821 0.0956 0.1040 

0.0774 0.0931 0.0002 

0.0029 

0.0470 

0.0937 

0.1416 

0.0022 

0.1007 

0,0954 

0.0903 

0.0027 

0.0526 

0.0067 

0.1316 

0.1214 

0.1202 

0.1160 

0.1262 . 

Dry weight of inocu1un (nean ten replicates) in g. 

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

0.0014 0.0013 0.0014 0.0013 0,0011 
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~Q.1e 20. 

Residual glucose of nediun 10 ng. 2:3:5:6 TCNB 

Tine after Residual glucose in g./ol" 
inoculation Resistant strains 

(clays) Parent PC:N13 . 2 :3:4:5 2:3:5:6 2:3:4:6 

2 O~O100 0.0100 0.0100 0.0099 0.0099 

4 0.0100 0 0 0100 0.0100 0.0073 0.0066 

6 0.0099 0.0090 0.0006 0.0042 0.0050 

10 0.0001 0.0081 0 0 0042 O.OOIO 

12 0,0075 0.0070 0.0020 

16 0.0060 0.0051 0.0016 

20 0.0022 0.0017 

Table 29. 

~nic coefficient. In ag. 2:3:5:6 TeND 

Tille after Econonic coefficient 
inoCUlation Resistant ~trains 

(days) Parent peND 2:3:4:5 2:3:5:6 2:3:4:6 

2 0.30 0,24 

4 0.36. 0.31 

6 0.12 0 0 20 0.26. 0.32 0.41 

10 0.30 0 0 39 0.24 0.29 

12 0.29 0.42 0.29 

16 0.33 0,,32 0.20 

20 0.21 0,23 
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10 ng. 2:3:5:6 TCNB. Parent and resiEitant strains 

Table 27 shows the dry "wcight of nycoliun produced, 

llnd Tables 20 and 29 the residual glucose and "econooic 

coefficient" • 

With the parent strain the effect of 2:3:5:6 TCW.a on 

growth was nore pronounced than PeNH or 2:3:4:5 TeND. Macro-

scopic growthwns not observed for 4 to 6 days after inoculation. 

The hyphae produced in the initial period of growth were swollen 

and gnarled, and dark brown in colour. After 10 days, pale 

nodular areas were seen on the inoculun. This paler growth, 

conposed of nomal but coopuct hyphae becaoe the predoninant 

Soall nycelial pellets appeared in the nediuo after 10 

days 0 These pellets were conposed of pale coloured closely 

interwoven hyphae identical to the pale coloured hyphae in the 

nain co lony. After 12 to 13 days, growth started at the gluss 

liquid interface and subsequently snaIl black sclerotia like 

bodies were fon~ed. There was no indication of sporulation on 

the uuin or subsidiary colonies, but abortive spoTulation of the 

type seen in the 2:3:4:5 TeND uultures occurred at the glass 

liquid interface. Table 27 shows that the oaxIDUO dry weight 

of nyceliun recorded wan 0.0021 g. after 20 days. Conpnred with 

the control, Table 10, which recorded a naxinuo dry weight of 

0 0 2201 g. after 7 duys~ 

The behaviour of the PCI~ resistant strain in the 

presence of 2:3:5:6 TeND was siDilar to the parent strain. 
. . ! 

, ~ 

~;.'~ .. ........ 
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Macroscopic gro'Vrth was ~Gon after 4 to 6 days and the onxinun 

dry weight of oyceliun was recorded after 20 days. Table 20 

shows that glucose was used at approxinately the sane rate as 

'for the parente The initial growth fren theinoculuo was coo-

posed of pale coloured closely intenvoven hyphae. The peNB 

re~istant strain was not nore resistant to 2:3:5:6 TCNB than the 

parent. 

With the 2:3:4:5 TeNB resistant stra.in nacroscopic 

growth was seen after 4 days. During this lag phase the 

glucose level in the nediuo renained static. Table 20 shoW's 

that this was the sooe in the parent and PCNB resistant strain 

cultures. The oyceliuo produced was initially pale in colour 

and conposed of nornal, but COOPl1ct and closely interw'oven 

hyphae. Sonll black sclerotia lil~e bodies were forned at the 

glass liquid interface after 10 to 14 days. Abortive sporu-

lation occurred at the glass liquid interface after 14 to 16 

days, but not on the nain colony_, Glucose was consuned nore 

rapidly than in the parent and peNB resistant strain cultures. 

Tuble 28 shows thut the residual gluc,?se had fallen to 0.0020 g.1 
010 after 12 days conpared to 00 0075 G%le for the parent, and 

0 0 0070 g./ol. for the peND resistant strain. In production of 

d~ weight of oyceliuo and utilisation of glucose, the 2:3:4:5 

TCND resistant strain showcd that it wns Dare resistant to 

2:3:5:6 TeND than the parent or PONE resistant strain. The 

2:3:5:6 TeND, and 2:3:4:6 TCND resistant strains showed nucro-
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scopic gro,~h fron the inoculuo after 20 hours. The nyceliun 

produced was initially pale in colour, Dnd conposed of nomal 

coopuct closely interwoven hyphae. Abortive sporulation and 

snnll blaclr sclerotia like bodies were fomed nt the glass 

liquid interface after 14 to 16 GUYs, and abortive sporulation 

wa.s seen on the I:1nir: co lony afte!' 16 to 20 da.ys. The DcXiouo. 

dry weig:1.t of oyceliun WElD recor:.:"J:.l after 10 days. Table 20 

OhOVIO that over 25~~of the glucose in the nediun '\Vas used by the 

2:3:5:6 TeND &~d 2:3:4:6 ~CNB resistant strains before the 

parent or PCNI3 res istont strain showed nacroscopic grovrtll or 

had utilised ~~y glucose in the nediuo o 

The 2:3:5:6 TeND resistant strain was slightly Dore 

resistant to 2:3:5:0 TCWu than the 2:3:4:6 TC}ffi resistant 

strain, and both those strains were clearly oore resistant to 

2·:3:5:6 TeND, than the parent, peNn res,istant, or 2:3:4:5 ,TeND 

resist~lt strains. 
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Table 30. 

Dry 'WeiGht of nyceliuo produced by parent and resistant 

strains in liquid nediun containing 10 age 2:3:4:6 TCNB 

Tine after Dry weight of nyceliuo in g. 
inoculation Resistant strains 

(days) Parent PCNH 2:3 :4:5 2:3:5:6 2:3:4:6 

3 U •. OO12 0.,0013 0 11 0017 0.0019 0.0058 

7 0.0011 0.0016 0.0005 O~OO07 0.0396: 

11 0.0014 0.0015 0 0 0246 0.0461 Oe0921 

13 0.0014 0.0009 0.0430 0,,0057 0.1051 

15 0.0016 0.-0013 0 0 0542 0.0971· 0.1130 . 

22 0 0 0035 0.0037 0 0 0013 0.0903 0.1040 

20 0.OO4G 0.0066 0.0092 0 .. 0702 0.1072 

32 0 0 0057 0.0006 OeOOOn 0.0711 0411266 

43 0,0002 0.0166 0.0755 Oe0646 0.0734 

53 0.0112 0 .. 0274 0.0065 000735 0.0062 

Dry weight of inoculuo (nean ten replicates) in g. 

Parent PCN.B 2:3:4:5 2:3 :5:6. 2:3:4:6 

0 0 0013 OoD013 0.0014 0.0011 0&0014 



-68-

Jable 31. 

Residual glucose of nediun", 10 og. 2:3:4:6 TeND 

Tine after Residual 'glucose in ge/nl. 
inoculation Resistant strains 

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

3 0.0100 00 0100 0.,0100 0.0100 0.0096, 

7 0.0100 00 0100 0.0096 0.0094 0.0075 

11 OeOlOO 0('10100 0.0006 0.0072 0.0010 

13 0.0100 00 0100 0.0079 0.0046 
"-

15 0.0100 0.0100 Oe0060 0.001£3 

22 0.0095 0~OO96, 0.0040 

20 0.0094 OeOO92 0.0012 -
32 OeOO06 ooooon ... 

43 0 6 007:4 0 • .0064 ... 
53 0,,0056 0«,0043 .." -
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Table 32. 

Econooic coefficient.. 10 DB .. 2:3:4:6 TCNl1. 

Tine after Econonic coefficient 
inoculation Resistant strains 

(days) Parent peNH 2:3~4:5 2:3:5:8 2:3:4:6 

3 0 0 '22 

7 0 0 35 0(123 0.,32 

11- 00 25: OQ(?~ 0 11 23 

13 0.40 0.32 

15 0.,35 0.24 

22 0,,11 00 12 0 0 27 

20 0.11 00 13 0 5 20 

32 Oe06 00 12 

43 Onoe Onon 

53 0 8 05 0,,09 

10 me 2:3 :4:(3 TCNe.~~nt and resistap,t strains 

Table 30 shows the dry weight ·of nycoliurl produced, and 

Tables 31 and 32 the residual glucose nnd "econonic coefficient". 

With the parent the lag phase Vlas 15 to 10 da.ys. This 

was considerably longer than with the previous TCl{B treatnents, 

The original nyceliun produced was conposed of distorted swollen 

hyphae, pale bro,\m in colour. Soall pale nodulose areas, coo-

posed of paler coloured, but nonJal hyphae appeared on the 

original inoculuo after 32 to 36 dnyso Soal1 .pale coloured 

nycelial pellets were found after 43 days. Very little grovrth 
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took place at the gl~sa liquid interface. The nain and sub-

sidiary colonies did not sporulate or produce any structure cOo­

parable to the abortive conidia of the previous TeNE treatoents. 

Table 3i shows that nearly 50% of the glucose had 

disappeared fron the nediuo but the dry weight of nyceliun was 

only 00 0112 ge This poor utilisation of glucose for production 

of nycelial dry weight is reflected in the low value of the 

"econonic coefficient"£} 

The growth of the PCNB resistant strain in the presence 

of 10 ogo 2:3:4:6 TeND was sinilo.r to that of the parent~ The 

lo.g phase was 15 to 10 dnys1 but the initia~ growth consisted of 

creaoy coloured nodules on the fnoculun conposed of closely 

interwoven hyphae. Mycelial pellets wereforoed in the nediTIO 

o.fter 20, dayse Sao.ll black sclerotia like bodies were fomed 

at the glass liquid interface after 30 to 36 days. There was 

no sign of sporulation, either on the nain colony or at the 

glass liquid interface. Table 31' shows that over 50% of the 

glucose in the nediun had been used but the dry weight of 

oyceliuo w~s only O~0274 g. ,This poor utilication of glucose 

gave a low "econonic coefficienii"of 0.09 •. , The peND resistant 

strain was not nore resistant to 2:3:4:6 TCNBthan the parent for 

the first 22 to 20 do.ys, but Tables 30 and 31 t show that during 

the last nonth of tho cxperinent fron 20 to 53 days, the PCNB 

:-:oesistant strain '\Vas nore resistant than t~e parent. 

The thr8C1 ''reND resiciant strains were nIl :::~ro reristnnt 
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to 2:3:4:6 TC~nJ than the parent or PCNS resistant strain. 

Growth started fron the inoculuo after 2 to 3 days in ull 

cultures., Pale nodular areas, cooposed of closely interwoven, 

but otherv/ise noroal hyphae fomed on the original inoculuo. 

Soall nycelial pellets appeared after 3 to 4 days. The hyphae 

in these pellets were identicul with those produced fron the 

original inoculuoo' SnaIl black sclerotia like bodies fomed 

at the glass liquid interface after 24 to 20 days in the 2:3:5:0 

TeNE and 2:3:4:5 TCl{JB resistant strain cultures, and after 7 to 

11 days in the 2:3:4:6 TeND resistant strain cultures. Aerial 

hyphae appeared at the glass liquid interface and on ,the surface 

of the nain colony after 22 to 26 days in the 2:3:5:6 and 2:3:4:5 

resistant strain cultures, and after 11 to 13 days in the 2:3:4:6 

TeND resistant strain cultures o These short hyphae ten:1inated 

in a sW'ollen portion, nostly elongate, but aone alnost spherical. 

These structures, which nay represent abortive conidiophores were 

non pignented, and gave the surface of the nyceliur.l a white 

powdery appearnnce. Table 30 shows that the 2:3:4:5, 2:3:5:6 

and 2:3:4:6 TeND resistant stra.ins were noreresistant to 2:3:4:6 

TeND thnn either the parent, or peND'resistant strain~ 

Ivlaxir:mD dry weiGht of nyceliun was recorded after 15 

to 20 days, cmd Tv-ble 31 show"S that th,? glucose in the nediun had 

been used after 13 to 28 days. The 2:3:4:6 TeND resistant 

,strain Vias nore reaistant thnn either the 2:3:4:5 or 2:3:5:6 

TCl~ resistant strains. Table 31 shows that after 11 days over 
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00% of the glucose had disappeared froD the nediuo of the 2:3:4:6 

TCNB resistant strain, conpared with 14% in the 2:3:4:5 TCND 

resistant strain cultures, and 20% in the 2:3:5:6 TeNE resistant 

strain cultures. Table 30 shows that after 11 days the 2:3:4:6 

TCl'ID resistant strain had produced twice as Duch oycelial dry 

weight as the 2:3:5:6 TCND resistant strain and alnost four tiDes 

us our.h oycelial dry weight as the 2:3:4:5 TCNBresistant strain. 

The dry ",eight of nyceliun, and residual glucose of 

oediuo of the parent., PCN.B and 2:3 :4:6 TeNE resistant strain 

cultures are shown graphically in Figures 2 to 7. These graphs 

are based on results recorded in Tables 10, 19, 21, 22, 24, 25, 

27, 20, 30 and 31. 
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Suona~ of results~ 

All the resistnnt strains grew nore quickly, produced 

n greater dry weight of nyceliun, utilised glucose nore efficiently, 

m~d showed less norrhological abnoroality than the parent strain 

vlhGn grown in tho pl"esence of PCl'n3 or TCNB. ResistfuLce to one 

fungicide resulted in lowered suoceptihility to peND or the other 

TeND isooers o In the presence of 2:3:5:6 TCND~ or 2:3:4:6 TClfJD, 

the nost resistant strain was the one which had been exposed to 

the vapour of that fungicide before the experioento In the 

presence of 2:3:4:5 TeND, the 2:3:5:6 TeND and 2:3:4:6 TClfD 

rosistant strains ,vere as resistnnt to this fungicide as the 

The 2:3:5:6 TeNE reoi8t~~t 

strain wa.s nore reoiotant to 2:3 :4:0 TCND ~:>.r'.n ~,·::to 2:3 :4:5 TCND 

resistant strain e The TCNB resistant strains were 0.0 resistant 

as the PC1ID resistant strain w!'1on grolm in liquid OGdiun con­

taining PCl\rB. The effect on sporula.tion 6f PCNT3 or TeND isoner 

was less than in tho vapour phaseo The nest nct.ive i~o[1er was 

2:3 :4:6 TCND, and the least active fungicide was PCNDo The 

order of activity decreased in the series 2:3:4:6 TCli.D, 2:3:5:0 

TeNT3; 2:3 :4:5 TCND, FeNI3 0 

These results substantiated the results obtained in 

section IV. 2.0~ and confiroed the conclusions of Parry (1957), 

thnt a COf.non adaptation nechanisn to PCNB and the TeND isonors 

exists in potrvtis allii. 



2.13 Effect of dichloroniirobenzcne isoners on 

linear growth, hyphal norphology and 

sporulation of p~rent, !,CNB, and TeND 

resistant strains of Botrytis allii 

Three dichloronitrobenzenes were used in the vapour 

pha~e as described for TeND isoners in section IV. 1,0. 0.5 cn. 

non~sporulating discs of ~.allii were used to inoCUlate the Petri 

dishes. The three isonere used were, 2,3 dichloronitrobenzene 

(2,3 DCNJ), 2,4 dichloronitrobenzene (2,4 DCNS), nnd 2.,5 di ... 

chloronitrobenzene (2,5 DCNS). The results obtained are 

recorded in Tables 33 to 37. 

Tine 

Table 33 

Linear grovrth of parent, PCNB and TeND resistant 

strains of B. a1)..ii in presence of 10 ng. 2,3 DeND. 

after Mean colony diruJeter in cn. 
inoculation Resistant strains 

(days) Parent PCN13 2:3:4:5 2:3:5:6 2:3:4:6 

47 0,5 0.5 0.5 0.5 0.5+ 

58 0.5 0.5 0.5 0.5 0.5+ 

93 0.,5 0,5 0.5 0.5 0.6 

+ = 8light gro,nh, but less than 0.05 cn. 
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Table 34 

~inear Growth of parent, peND and TeND resistant 

strains of D.al1ii in presence of 1 ng_ 2,3 DCNB 

MeLk'1. cOlony diaoeter in cn. 
Resistrolt strains 

TiDe after 
inoculation 

(days) Parent peND. 2:3:4:5 2:3:5:0 2:3:4:6 

2 0.5 . 0.5 0 •. 5 0.5 0.9 

3 0.5 0.5 0,.5 O.l> 

4 0.5 0.5 '0,.5 1.3 

5 0.5 0 •. 5 

7 0.5 0.5 0.5 

9 0.5 0.5 0.5 0.5+ 1.0 

13 0.5 0.5 0.5 0.5+· 1.8 

17 0.5 0.5 0.5+ 0.5+ 1.0 

25 0.5 0.5 0.5+ 1.13 . 

47 0.5 0.5 0.5+ 0.5+ 

5£3 0.5 0.5+ 0.5+ 

70 0.5 0.5 0.5+ 2.0 

0.5 

+ = Slight growth, but less than 0.05 cn~ 



Plate 2 

A. Growth of 2:3:5: 6 TeND 

r csistrult strain of 

D.allii in presenco of 

l ag . 2,3 DCtw . After 

100 days. 
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D. Growth of 2 :3 : 4 : 5 TCllfB 

r esistant strai n of 

D. allii i n pr esence of 

1 L:l[S . 2,3 DeNI.:) . 

l O() days . 

Mter 



Plate 3 

A. Growth of 2:3:4:6 TeND 

r es istant strain of 

D.allii in presence of 

1 ng. 2,3 DCND. After 

93 days. 

-D3-

B. Growth of 2:3:4:6 TeND 

resistant strain of 

D.allii in pr esence of 

1 DG . 2,3 DeND. After 

93 days. 



Fig. f3 

Abnoroal hyphae of 2:3:5:6 TeND resistant strai n . 

(1 ng . 2,3 DCNB) 

Vacuolated areas enclosed by dotted lines. 
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o 20 SOAI 
~l __ ~ __ ~! __ ~ __ -L __ ~~ 

Fig . 9 

AbnoDjal hyphae initially pr oduced by 2 :3: 4 : 5 TeND 

resistant s train (1 OJ . 2 ,3 DCND) 

Vacuolat ed ar eas enclosed by dotted lines. 
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o 50 100).1 
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Yi n: . 10 

!illnoroal hyphae i nitial ly produced by 2 :3 : 4 : 6 TChrD 

resistant strain (1 n~ . 2 , 3 DCI't3) 

Vacuolated areas enclos ed by dot t ed lines 
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o 2 0 SO)J. 
!~~!~'--~!~--~--~~! 

Typical hyphae of 2 ~3 : ~. : 6 TC:r::. r osistant 8train . 0.rising 

after 17 days (1 D8 . 2,3 DCND) 

Vacuol at ed arous enclosed by dotted lines 
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2,3 DeNne Parent and resistant strains 

The response of the parent, peND, and TeND resistant 

strains to 10 ng. and 1 ng. of 2,3 DCNB is shovm in Tables 33 nnd 

34. 

Table 33 shows thnt after 93 days- there was no nensurable 

growth fron the inoculun in the parent, peND,. 2:3 :4:5 TCND and 

2:3:5:6 TeNJ CUltUres in the presence of 10 ng. fungicide. 

Microscopic exnninaiion of the inoculun did not show any hyphae 

originnting froD' this source. At this point the lids were re-

noved fron the plates and replaced 'wi th fungicide free lids. 

After 6 weeks there was no sign of growth. Attenpts to sub­

culture fron the original inoculuo failed. The 2:3:4:6 TeND 

res istnnt. strain showed slight growth nfter 47 days.' The hyphae 

produced during the period 47 to 93 days were pale creaqy yellow 

in colour. Those hyphae were swollen and gnarled, and the 

hyphal walls were wrinkled and corrugated. Extensive areas of 

vacuolation and granulation were present. Growth was irregular 

and did not develop evenly fron the circuoference of the inoculuo. 

This gave the colonies an uneven outline. Seventeen of the 20 

replicates of the 2:3:4:6 TCND resistant 'strain showed this type 

of response; 3 plates did not show any evidence of grov~h after 

93 days. 

Table 34 shows thnt after 93 days in the presence of 

1 ng. fungicide there was no neasure.ble growth froD the inoculum 

in the parent und PCND resistant strain Petri dishes. Micro-
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scopic exanination of the inoculuo did not show any newly fomed 

hyphae. The lids werc renoved fron these plates and replaced 

with fungicide free lids. After 6 weeks there was no sign of 

growth, and attenpts to sub-culture fron the original inoculUo 

failed, 

Slight growth was seen after 9 days fran the 2:3:5:6 

TeND resistant strain inoculun, und after 17 days frau the 

2:3:4:5 TeND resistant strain inoculuo. All cultures showed 

sonegrowth fran the inoculuo. Growth fron the inoculuo was 

irregular giving rise to colonies of uneven outline, The pale 

yellow hyphae produced by the 2:3:5:6 TCND resistant strain were 

swollen and gnarled, but less so than the hyphae produced by 

the 2:3:4:6 TeND resistant strain in tho presence of 10 ng. 

2,3 DeNB .• 

Plate 2 A (2:3:p:e TCI'fJ resistant strain/l ng. 2,,3 

DCND) , shows a typical colony after 100 days, Fig. 0 shows the 

type of hyphae presento 

The pale yello'W' hyphae initially fomed by the 2:3:4:5 

TeND resistant strain were gnarled and swollen., After 70 to 93 

days less irregular hyphae were fomed. Plate 2 D(2:3:4:5 

TeND resistant strain / 1 Dg. 2,3 DeliO), shows a colony with 

both types of hyphae. 

initially. 

Fig. 9 shows the type of hyphae produced, 

The 2:3:4:5 TCND resistant strain behaved differently 

in the presence of 1 og. 2,3 DeND. Two types of response wore 
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seen. Eight out of 20 replicates pr~duced a sparse spreading 

nyceliun. The hyphae were nomal in size nod appearance, but 

growth stopped after 9 days. The greatest diaoeter reached was 

4.0 cn. and the snallest 1.4 CD. The other 12 replicates showed 

no nacroscopic gro,rlh for 7 days. vfuen growth started fron the 

inoculun, Gnarled swollen hyphae were fomed. These hyphae were 

pale yellow in colour and showed areas of vacuolation and gran­

ulation, Fig. 10. After 17 days snaIl areas of grov~h appeared 

within the colonies showing the -nonlal type of hyphae, and at the 

edge of colonies showing gnarled hyphae. The type of hyphae 

present in. these areas of growth is shown in Fig. 11. These 

hyphae wero creruQy yellow in colour and showed areas of vacuolation 

and granulation. The walls were slightly corrugated, but inter­

calary swollen portions were absent. Plate 3 shows the two 

types of colony nfter93 days. 

No evidence of sporulation was seen in any replicate 

at either 10 ag. or 1 ng. levels of 2,3 DeN]). Tables 33 and 

34 show that the TeND resistant strains had sone resistance to 

2,3 DeNn. The 2:3:4:6 TCNB resistant strain survived at conc­

entrations of 2,3 DCNB that were lethal to the parent, PC1~~ 

2:3:4:5 TCND, and 2:3:5:6 TCND resistant strain. The peNB re­

sistant strain was as suscoptible as the parent isolate ~o the 

vapour of 2,3 DeNn. Adaptation of B.allii to the tetrachloro­

nitrobenzenes gave sone degree of resistance to 2,3 DCND. 



-91-

Table 35. 

Linear growth of I2o.rent 2 PCND! and TCND resistnnt strains 

of B.allii in presence of 10 ng. 2.4 DCND 

. Tine {;l,fter Menn colony dianeter in cn. 
inoculation Resis~ant strains 

(days) Parent peND 2:3:4:5 2:3:5:6 2:3:4:6 

2 0.5 0.5 O~5 0.5 0.5 

4 0.5 0.5 0.5 0.5 0.5 

12 0.5 0.5 0.5 0.5 0.5 

20 0.5 0.5 0.5 0.5 0.5+ 

42 0.5 0.5 Otl5 O~5 0.7 

53 0.5 0.5 0.5 Oe5 2.7 

69 0.5 0.5 0.5 0.5 6.4 S 

95 0.5 0 0 5 0.5 Oe5 C 

+ = Slight growth, but less than 0.05 cn. 

s = start of sporulation 

C = -Plates covered byoycelia 
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Table 36 

Linear growth of parent. peND, and TeND resistant strains 

of E.allii in presence of 1 DB. 2,4 DCNB 

Tine after MeUll colony diaoeter in CD. 
inoculation Resistant strains 

(days) Parent peND 2:3:4:5 2:3:5:6 2':3 :4:6 

2 0.5 0.5 0.t3 1.5 2·.1 

4 0.5+ 0.5+ 2.5 2.7 4.4 S 

(3 0.5+ 0.6 3.0 4.0 S 7.2 

12 0.5+ Oc7 4.9 S 4.0 C 

20 0.6+ 0.9 6.7 4.0 

42 0.0 2.9 8.7 4.0 

53 1.1 4.4 0.,7 4.0 

69 2.6 0.4 0.3 7.0 

95 4.2 C C C 

+ = Slight growth, but less t~1an 0.05 cn. 

s == start of sporulation 

C = Plates covered with nycelia 
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Plate 4 

A. Growth of parent isolate 

i n presence of 1 D~ . 2 ,4 

DCND . After 12 days 

D. Growth of 2:3 :4 :0 TCK3 

rcsistru~t strain in 

presence of 1 DC . 2 , 4 

DC~D . After 12 days. 
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2.4 DCND~ Parent and resistant strains 

The response of the parent, PCND, and TCrm resistant 

strains is sho'm in Tables 35 and 36. 

Table 35 shows that after 95 days there 'wns no neasurn1Jle 

growth froD the inoculun in the pnrent, PeN.i3, 2:3 :4:5 TeND, ond 

2:3:5:6 TeND resistant strain cultures, grown in presence of 10 ng. 

2,4 DeNn. Microscopic eXOIJino.tion of the inoculun did not show 

nny newly forned hyphae. At this point the lids were rcnoved 

and replaced with fungicide free lids. After {) weeks there was 

no sign of growth" Atteopts to sub-culture fron the original 

inoculuo failed. ~le 2:3:4:6 TeND resistant strain showled 

slight grolrlh after 20 days in the presence of 10 ng. 2,4 DeNn. 

During the period 20 to 53 days, gnarled swollen yello,rlsh hyphae 

were produced at points around the inoculun giving colonies of 

irregular outline. These hyphae were identical to those produced 

by this strain in the presence of 10 Dg. 2,3 })CNB. After 53 

days less abnornal hyphae were produced. The hyphae produced 

during the period 53 to 69 days were progressively less abnor.oal. 

Sporulation started after 09 days. Sporulation was sparse and 

did not arise on ·the nyceliuo fomed up to 53 days. The plates 

were covered with oycelia after 95 dayso Table 35 shows that 

all the strains produced sone growth in the presence of 1 ng. 

2,4 DCND during the course of the experinent.. The behaviour of 

the parent and PeND resistant strain was sioilar. Gnarled 

swollen hyphae, yellow brown in colour were produced, forning 
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nodular areas around the inoculuo. The parent strain produced 

pale yellow hyphae fron the nodular growth after 69 days, l)ut 

all the hyphae ion-.led during the experinent were abnornal. The 

~CND resistant strain produced pale yellow hyphae fron the 

previous grol~h after 53 days, and finally after 59 days nomal 

hyphae were produced, covering the plates with oycelin after 95 

days. Sporulation was not observed in either parent isolate 

or PCNB resistant strain cultures. 

The 2:3:4:5 TCNB and 2:3:5:6 TeND resistant strains 

behaved sioilarly to each other. With the 2:3:4:5 TCNB re-

sisiant strain, 7 out of 20 cultures produced a thin nyceliun 

of noroal hyphae. This type of growth stopped after 12 days. 

The Daxinun diar.1oter reached was 2.7 CD. SnaIl spots of 

yellowish nyceliun slowly forned at the edge, and within these 

colonies. These spots were conposed of abnoroal h~lae, sholdng 

areaa of granulation and vacuolation. They were closely inter­

woven conpared with the looso spreading nyceliliD previously 

fon~ed. After 53 days these yellowish hyphae produced fan 

shaped sectors of spurse oyceliuo at the edge of the original 

colony. The hyphae in these sectors were sinilar to those of 

the parent isolate in the alJsence of fungicide, except that 

they were non piWlented. This type of nyceliuo covered the 

plates after" 09 days. Sparse sporulation was seen on the latter 

growth of these sultures after 613 to 04 days. The other 13 

cultures ionediate1y produced yellowish gnarled and swollen hY}1hae 
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fron the inoculuoe . After 0 days less nbnornal hyphae were 

fomed, and during the period 10 to 20 days, llomal hyphae were 

fon~ed. The nyceliuo covered the plates after 20 days. The 

outline of tho colonies was uneven, but the gradation fron one 

type of hyphae to another was gradual and appeared evenly around 

the colonies. Sporulation started nfter 12 days in these 

cultures, precloninantly on the latter growth. 

The 2:3:5:6 TeND resistant strain showed these two 

types of response. Six out of 20 cultures initially produced 

the yellovnsh gnarled and swollen hyphae, these becm~e progressively 

less abnornal and the plates were covered wi th lll~elia after [3 

days. Sporulation started after 0 days, and a Doderate crop 

of spores was produced, Dainly on the latter growth. The· 

rennining 14 cultures produced a fine delicate spreading nyceliuo 

aool'o:a;erl-; of nomal hyphac a The naxinun diaoeter reached by any 

colony was 2.3 cn. This type of growth stopped after 12 days. 

Spots of yellowish nyceliun developed at the edge and within 

thes!o colonies. These yellowish areas produced irregular fan 

shaped areas of non::lO.l hyphae after 53 days, which covered the 

plates with 0. thin grol·rth after 95 days. Sparse sporulation was 

seen on this latter gro·wth. 

The 2:3:4:6 TeND resistant strain produced nomal 

colonies of regular outline. The hyphae were pale yellow in 

colour, but otherwise reseobled those produced in the absence of 

fungicide. The plates 'w'ere covered with qycolio:· after 0 to 12 
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days. Nornal sporulation started after 4 days. . Plate 4 shows 

the parent isolate and 2:3:4:6 TCND resistant strain after 12 

days in the presence of I ng. 2,4 DCNn. 

, The resul to in Tables 35 and 36 show thntthe strains 

adapted to ?CND or TeNB isoner were Dore res istant to 2,4 DCI-fD 

thnn the parent isolate. The 2:3:4:6 TCNB resistrult strain 

grcnr in the presence of 10 ng. 2,-"1 DeNn. This concentration 

killed the parent isolate and other resistant strains. 

Tabl~ 

.!!i!!.e ar ~rovrth 0 f parent 2 IJCND , and TeND resistant 

strains of B,llllii 
= 

in the presence of 1 oG.'2,5 DCNB 

TiDe after lvlean colony diaoeter in CD. 
inoculation Imsistant strains 

(days) Parent PCNI) 2:3:4:5 2:3:5:6 2:3:4:6 

2 0.5 0,5 0.5 0.5 1.6 

3 '0.5 0.5 0.5+ 1.4 2.4 

(3 0.5 O~5+ 1.2 3.5 5.1 S 

0 0.5+ 0.5+ 2.4 4.7 S 6 .. 1 

14 2.3 1.3 4.5 S 0.2 C 

20 4.1 3.0 6.7 C 

25 6.6 4.5 C 

37 C C 

+ = Slight grol~h, but less than 0.05 cn. 

S G start of sporulation. C = Plates covered with oycelia. 
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Fig . 12 

Hyphae produced ~y 2:3:4:6 TeND r esistant strain in absence 

of 2,5 DeNn, uiter 93 days exposure to 10 a g . 2,5 DC}ll} 
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o 20 50).1 L-__ ~ ____ ~, ____ ~ __ ~ __ ~, 

FiG . 13 

AbnoI'F-.1al hyphae p roduced by parent isolute 

(1 ng . 2, 5 DCND ) 
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2.5 DeND e Parent and res istant strains 

The gro'wtll of the parent, FeND, and 'l'ClID resistant 

strains in the presonce of 1 ng., 2,5 DCND is shown in Table 37., 

In the presence of 10 ng. 2,5 DeND, none of the strains 

showed lli~y grov~h after 93 days. The lids were then replaced 

with func;icide free lids. No sign of growth was shown by the 

'pa.rent, l-ICN'D, 2:3:4:5 TCNJJ, and 2:3:5:G TeND resistant strains 

after 6 weeks. Attenpts to sub-culture fron the~inoculu~ 

failed. The 2:3 :'l:G TCND resistant strain started growing after 

7 days and roached a n'enn dioncter of 1.9 COo after 20 days. 

Hyphae were initially fomed at several separate points around 

the inoculuo and cave rise to unevenly shaped colonies. The 

nl:mornal hyphae procluco_d;.1,F~8 • .J.2, were pale yellow in co lour., 

Parts of tho hyphae were swollen, and those swollen portions 

often showed conspicuous granulation. The hyphae were closely 

interwoven, and forned nodular nasses of nyceliun. Hyphae sub­

sequently produced fron these nrcao were iclentical to those 

produced by this strai~ in the absence of fUllgicidc, though 

only a spa.rse nyceliun was forrJ.ed. 

lation on theso colonies. ' 

There was no sign of sporu-

In the prosence of 1 ng. 2,5 DeND, the parent isolate, 

and PCND reoistn.nt strain behaved sinilarly ,to each other •. · 

Growth started after 0 days. The hyphae produced Fig. 13, were 

yellow brovm in colour and showed la.rge intercalary portions with 

wrinkled wnlls and conspicuous granulation of the cytoplasn. 
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These hyphae were closely interwoven and forr.1ed nodular [lasses. 

Irregularly shaped colonies were iorr:1ccl in all replicates. 

After 14 to 20 days the hyphae fomed were les8 distorted, and 

after 20 to 25 days nornnl hyphae were forned, which covered 

the plates with n sparse nyceliun after 25 to 37 days. Slight 

sporulation confined to the latter growth, was seen on the 

cultures after 25 to 3'l days. The behaviour of the 2:3:4:5 

TeND resistant strain followed the type described for the parent 

isolate and peND resist&~t strain. In all aspects. however, the 

effect of the flUlgicide was less [larked. 

Table 37 shovro that the 2:3:5:6 and 2:3:4:6 TCNB re-

sistant strains were alnost unaffected by the presence of I ng. 

2,5 reND. The cultures fomed regular colonies with nomal 

hyphae,and sporulated abundantly after 0 days in the 2:3:5:6 

T'Cl'D res istant strain, and nfter {3 days in the 2: 3: 4: G TeND 

resistant strain. The only difference between these cultures 

and those in the absence of fungicide waS a distinct pinkish 

tint to the iooaturo conidin. 
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2,14 Effect of 2,5 dibrononitrobenzene, and 2,5 

diiodonitrobenzene on linear rrowth, hyphal 

norpholor;y, and sporulation of parent and 

2:3:4:5 TeND resistant strain of D.allii. 

These two conpounds 2,5 dibrononitrobenzene (2,5 DBNB), 

and 2,5 diiodoni trobenzene (2,5 DINB), were also used in the 

vapour phase. The results of these expertoents are recorded in 

Tables 30 and 39. 

Table 38 

binear grovrth of parent, and 2:3:4:6TCND resistant strain. 

of D.nllii in presence of 10 ng. or I ng~ 2,5 DDNB 

Tine after Mean colony diaoeter in cn. 
inoculation 10 nc. 2,5 DDN'D 1 ng.· 2,5 DDND 

(d§ys) Parent 2:3:4:(3 Parent 2:3:4:6 
strain strain 

1 0.5 0.7 0.5 1.4 

2 0.5 1.4 0.5 2.2 

3 0.5 2.1 0.5 2.7 

5 0.5+ 3.4 0.5+ 4.1 S 

10 0 .. 5+ 5.3 S 0.7 7.7 

14 0.0 6.0 1.0 C 

20 Oe9 7.0 2.-6 S 

25 1.G C 4.4 

+ = SliGht growth, l)ut less thnn 0.05 CD. 

s = start of sporulation C = Plates coverod with nycelia. 



-103-

Tuble 39 

jJinear ~ro'Wth of 12urent ! &"1.cl 2: 3 : 4 : 6 TeND resistant strain 

of 13. nllii in presence of 10 ng. or 1 nr:. 2,5 DIND 

Tino after Moon colony dianeter in cn. 
inoculation 10 ng. 2,5 DIND 1 ng. 2,5 DIND 

(days) j;)arcnt 2:3:4:6 Parent 2:3:4:6 
strain strain 

1 0.5 1.1 0.5 1.3 

2 0.5 1.9 S 0.5+ 2.3 S 

3 0.5+ 3,,0 '0.6 3.5 

5 O.G '1.7 1.5 6.0 

10 1.2 7.4 3.1 C 

14 2.3 S C 5.2 S 

20 [1.0 7.;0 

25 7.9 C 

+ = Slight growth, but less than 0.05 cn. 

s = Stnrt of sporulation 

C = Plutes covered with nycelin 

2,5 DUND. Parent and 2:3:4:6 TeND resistant strain 

Table 3D shows the growth of tho parent and 2:3:4:6 

TeND resiot~~t strain in the pres~nce of 10 ng. or 1 ng. 2,5 DDtiB. 

At the 10 ng. level the parent initially fomed ab-

nonJul hyphae of the type first produced in the previous 

experinents with dichloroni trobenzeneo.' Loss abnOnlD.l hyphae 
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were fomed after 14 to 20 days, and eventually nfter 25 days', 

the hyphae foroed were identical with those produced in the 

absence of funGicide. The cultures did not sporulate furing 

the course of the experinent. The hyphae fomed by the 2:3:4:6' 

TeND resistant strain were sllJilar to those produced in the ab­

sence of funBicide, and the plates were covered after 25 days. 

Moderate sporulation started after 10 days. 

At the 1 ngl: concentration, the pai-ent first fomed 

abnornal hyphae. These progressively bec'&1e less abnornal, 

and after 12 days hyphae indistinguishable iron these produced 

in the absence of fungicide were fomed. Moderate sporula.tion 

started after 20 days, 'nainly on the latter growth. The 2':3 :4:6 

TeNB resistant strain was aloost unaffected at the 1 ag. level. 

The hyphae were nomal in colour and appearance. Abundont 

sporulation started after 5 days. 

Table 30 shows that at the concentrations used, 2,5 

DBNB had little effect on growth or sporulation of the 2:3:4:6 

TeNB resistant strain, whereas with the parent strain, the 

hyphae fOrDed were ~nitially abnoroal and distorted, growth 

11(aS slow, and sporulation was suppressed or d:ininished~ 

e...JL.DI~~ Parent and 2:3 :4:6 TCNB resistant strain 

Table 39 shows the growth of the parent isolate, and 

2:3:4:6 TCND resistant strain in the presence of 10 ng. or 1 ng. 

2,5 DIND. 
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At both concentrations the parent strain initially 

produced abnOrTlal hYl)hae of the type seen with the other dihalo­

genatednitrobenzenes. These hyphae becone progressively less 

abnornal, and after 14 days at the 10 ng. level, rold 5 days at 

'the 1 ng. level, the hyphae fon~ed were indistinguishable fron 

those produced by the parent isolate in the absence of fungicide. 

Moderate sporulation started after 14 days at both concentrations. 

The growth and sporulation of the 2:3 :4:6 TeND resistant strain 

was oonp~atively unaffected by the fungicide at both concentra­

tions e' 

Sunnary of results in Tables 33 to 39. 

Tho effect of the throe DCW~ isoners on growth, 

hyphal norphology, and sporulation of the parent, PCNBand TCNB 

resistant strains varied considerably at both concentrations 

used, and depended on the origin of. the strains. The parent 

strain showed least, and the 2:3:4:6 TCNS resistant strain, 

greatest tolerance to these fungicides. The .2:3:4:5 and 

2:3:5:6 TCNI3 resistant strains were inten::1ediate in their tol­

erance, and the PCIDJ resistant strain was alnost as susceptible 

as the parent to these funGicides •.. At 10 ng. level the 

strains were far nore susceptible to the three isoners of DCNB 

than to PCND or TCNE isoners. At the s~e concentration 2,5 

DBND,ond 2,5 DIND exerted considerably less effect on growth, 

hyphal norphology and sporulation cf the parent isolate, peNE, 
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and TCl'fD resistant strains than 2,5 DCND. The parent and 2:3:4:6 

TeND resistant strain showed a graded tolerance to the halogen 

series of 2,5 substituted nitrobenzenes in the order I> Br > Cl.' 

2.15 Linear ~ro,~h, hynha1 nornhology, and 

sporulation of parent. peND. and TeND 
resistant strains of D,allii in presence 

of 2:3:5:5 tetrachloroaniline 

The f1lllgicide, 2:3:5:6 tetrachiorolllliline (2:3:5:8 TCA):~ 

was: used in the 'vapour phase as described for TeNI3 and DCND isoners', 

This fungicide was prepared by reduction of 2:3:5:6 TeND. The 

results obtained are recorded in Table 40. 

Preparation of 2:3:5:6 tetrach1oroani1ine 

Six g. 2:3:5:6 TCND was nixed with 6 g. granulated tin 

and ndded to 30 ole glacial acetic acid. Twel va nl, concentrated 

acid was added slowly, and the nixture refluxed for two hours, 

The resulting nixture was diluted with water to 120 01., and then 

nacle strongly alkaline with 507~ sodiun hydroxide. This oixture 

was extracted with 40 nl. benzene, and the benzene extract 

dehydrated with anhydrous ongnesiun . sulphate • The benzene was 

slowly distilled off to reduce the volune of solvent. 2:3:5:6 

tetrachloroanilino was crystnllised out fron the benzene, and 

yielded 4.4 g. The aniline was purified by three recrystallisa-

tions froD light petroleun ether. Colourless feathery needles 

of 2:3:5:8 TeA were obtained. o 
M.P. 109 - 100, The final yield 
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was 4.1 g. 

Analysis Found Calculated 

C 32.1 31.2 

H 1.7 1 e 3 

N 5.7 6.1 

Cl 59.7 Gl.4 

99.2 100.0 

r 
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Table 40 

Linear growth of parento PCNIh ancl TCND resistant 

sttains of D.allii in presence of.lO ng. 2:3:5:6 TCA 

Tine after Moan colony dioneter in cne 
inoculation Resistant strains 

(days) Parent peND 2:3,:4=5 2:3:5:6 .2:3:4:6 

2 0,5 Oll5 Oe5 2.0 1.7 

3 Oe5 0.5 Oe5 3.2 S 2.7 S 

{) 0.6 0.6 0.0 6.6 6.0 

(3 0.0 M 1.0 1.2 C C 

14 2.2 3.7 4~3 

s = start of sporulation 

M = First appearance of clo~ly defined sal':~:~"'j sector 

C = Plates covered with nycelia 

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

The linear growth of the parent isolate, peND, and TCMD 

resistant strains is shown in Table 40. 

The 2:3:5:6 TCtfD, and 2:3:4:6 TC~B resistant strains were 

alnost unaffected by this fungicide. The hyphae were identicnl 

in colour and norr201ogy to those produced by these strains in the 

absence of fungicide. Good sporulation started after 3 days. 

The latter grol%h during the period 4 to 0 days was characterised 

by the production of fluffy white aerial hyphae. The 2:3:5:6 TCliO 

resistant strain grew slightly nora quickly tli:'.ll the 2:3:4:6 TCND 
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resistant strains The parent, l~l~rl and 2:3:4:5 TeND resistant 

struins nIl produced ubnorTJal hyphae nfter a lag period of 3 to 

6 days. The hyphae 'Were sini1ar to those first fomed by these 

strains in the presence of TeND isonors e Jliter 8 days clearly 

defined saltant sectors with a Dore rapid gror~h rate appeared 

in the parent cultures. The peND and 2:3 :4:5 TClf1.3 resistant 

strains did not produce clearly defined saltant sectors, but 

the hyphae becaDe progressively less obnoroalt and the outline 

of the colonies becaoe scalloped and irreb~lar after 6 to 10 dayso 

Sporulation was not seen in these cultures during the course of 

the experinento 

Table 40 shov!s that the 2: 3: 5: G, and 2: 3 :4: (3 TC:r-fD 

resistant strains were olnost conpletely resistant to ~:3:5:0 

TCA. 

2 0 10 Linear ~rovroh~ hxnhal oorphology, and sporulation 

Qf parent isolate. and 2:3:4:8 TeND resistant 

.fitrain of D~~ in presence of 2.6 dichloro-4-

p.itroaniline 

The fungicide 2,5 dichloro-4-nitroaniline (2,6 DCNA), 

was used in the vapour phase as described for TCW~ and DC1~ i80-

ners c The results are recorded in Table 41. 
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Culture of pu.rcni isolate 

in 1 ne . 2,6 :cerrA n~ter 
'"\ dnys 



Plato 6 

Culture of 2 :3:4: 0 TC:ND 

r es is t ant strain in 10 

2 , 6 DeNA after 6 days 

-Ill-

CuI iura of par ent i s olate 

in lO Db . 2 , G DeNA ait e r 

13 daYB 
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Table 41 

Growth of pnrel!i...ill!d 2:3 :4:6 TCND resistant strain 

of Bnallii in presence of 10 og. or'l ng. 2,6 DCNA 

TiDe after Menn colony dinneter in en. 
inoculation Parent 2:3:4:6 TeND s tr nin 

(days) 10 080 log" 10 og. 1 ng~ 

'2 0.9 2()6 204 2.5 

4 104 5.2 S 4.4 S 4.9 S 

6 1.0 0.1 6.9 7.6 

10 2.9 MS C C C 

17 5.0 

21 C 

S = Start of sporulation 

M = First appearance of clearly defined saltant sector 

C = Plates covered with nycelia 

2,6 DCNA. ?arent isolate and 2:3:4:0 TeND 
resistant strain 

The growth of parent isolate, ru"'1d 2:3:~:6 TCND resistant 

strain in the p~ecence of 2,6 DCNA is shown in Table 41. 

With the 2:3:4:6 TCND resistnnt strain, at both 

concentrations of the fungicide, there was little or no effect 

upon the rate of growth, hyphnl norphology, or sporulation. With 

the parent isolate at the 1 ng. level there was little effect upon 

growth rate, hyphal Dorphology or sporulation cODpared with controls 
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in the absence of fungicide. The colonies fomed were, however, 

irregular in outline. Plnte 5 shows the parent, and 2:3:4:6 

TeND resistnnt strnin after (3 days growth in the presence of 

1 ng. 2,6nCNA. 

At tho 10 ag. level, growth of the parent isolate was 

slow and the hyphae produced were dark brown in colour, frequently 

branched, and closely interwoven. After 10 days lighter colour 

fan shaped sectors were produced nt the edge of the .colonies. 

Five to 11 of theso sectors were produced for each culture. These 

sectors grew nore rapidly than the previous nyceliuo. Sporulation 

started after e days, spa~sGly on the growth before sectors appeared, 

and abWlclnntly on subsequent growth. PI ate e shows the parent, 

and 2:3:4:6 TeND resistant strain after G days growth in the 

presenc,e of 10 nga 2,6 DCNAo 

After 14 days 0.5 CD. discs were tclren fron the aaltant 

sectors of the parent isolate growing in the presence of 10 ng. 

2,6 DeNA. These discs were used to inoculate new Petri dishes, 

and these cultures were grown in the presence ffild absence of 2,6 

DeNA. The resulto of this cxperinent are recorded in Table 42. 
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!g.ble 42 

~inear Growth of 0.5 cn. discs renoved fron cultures of 

parent isolate of D.allii exposed to 2,6 DeNA in presence 

of 10 ng. 2,6 DCNA 

Tine after :Mean colony dianeter in co..· 
inoculation 

(days) no fungicide 10 ng. 2,0 DeNA 

2 1.4 1.2 

4 3.1 S 2 .• 5 S 

6 5.2 3.8 

0 7.4 5.0 

10 C 6.G 

12 D.O 

14 C 

S = Start of sporulation 

C . = Plates covered with nycelia 

10 ng. ··2 .0 DeNA. 2.6 DeNA resistant strain 

The results recorded in Tables 41 ~,d 42 show that the 

2,0 DeNA resistrult strain was nore resistant to 10 ng. 2,0 DCNA 

than the parent isolate, but sonewhat less resistant than the 

2:3:4:0 TeND resistant strain. The 2:3:4:0 Term resistant 

strain covered the plates after 0 to 10 days, whereas the 2,0 

DeNA resistant strain took 12 days. 
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2.17 Growth ..91...lli!}'ont i 80 1 ate, ··2.,6 DeNA, and 2: 3 : 4: {) 

TeNJ res istaD.t strains of D. allii in .1iouid ned..i.!!:a 

Non-sporulating discs, 0.5 cno in dinoeter, of the 

parent isolate, 2,6 DeNA., and 2:3:4:G TeND resistant strains were 

usod to inoculate 250 nIt! conical flasks containing 50 Dl. glucose 

peptone Bediuo. Two cultures of the 2:3:4:6 TCND resistant strain 

were used; 2:3:4:0 TeND (1) had been grown in the presence of 2,0 

DeNA vapour, and then sub-cultured in the absence of the fungicide; 

2:3;4:0 TCWB (2) had not been exposod to 2;6 DCNA vapour. The 

dry weight of nyceliun produced by these shcl~e cuI tures after 

varying tine intervalo was found~ and recorded in Table 43. 

Table 43 

Dry weir~ht of nyceliun produced by parent isolate:. 

2,G DeNA, and 2:3:4:6 TeND rosistant strains in liquid 

nediun 

Tine nfter Dry weight of nyceliun in g. 
inoculation Resistant strains . 

(days) IJarent 2,0 DeNA 2:3:4:6(1) 2:3:4:6(2) 

1 0.0202 00 0137 0.0140 0.0166 

3 0.1176 0.0904 0.0996 0&1202 

5 0.2045 0.,1926 00 1975 00 2161 

7 0.2272 00 2443 0.2462 0.2386 

10 0.2366 0,,2427 0.2205 0.,2100 

14 0.2154 0.2065 0.1966 0.2234 
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Tho results recorded in Table 43 show that the dry 

weight of nyceliuo produced by these strains was sinilar t There 

were no differences in appearance, or bohaviour of these 

cultures. 

2.H3 Gro'wth of parent isol,Q.J,j0n 2 .. 6 DeNA, and. 2:3:4:6 

TC~ rGsis~~nt strains of D.a11~i in liauid 

nodi-un containing lOng I'l 2, (3 DCNA 

Tine nfter Dry weight of nyce1iuo in g'l) 
inoculation Itesistant strains 

(days) Paront 210 DeNA 2:3:4:6(1) 2~3:4:6(2) 

3 0.0021 0.0044 000511 O~O490 

5 0.0064 0,,0224 OflO715 0 0 0030 

7 0 8 0235 0 11 0042 0«,1477 0 0 1592 

10 Oe064:6 0 0 2156 0 0 2530 0 0 2395 

14 O~09Q2 0412033 0 0 2261 Oe2300 

17 (Ie OOGG 0 0 2161 Oe2357 Oo19G2 

Lig!!,.id ne~t!:.1g1 contn!ninz. )0 ng,.~,,~ (3 DC!i:A. 

Parent! 2.6 DC~Qnd 2:3:4:6 ~ .. CI(jJ ro~.:i..8..:t,ant stra~!l§' 

The dry weig...~t of nyceliun produced by these strains i:::;;. 

the presence of 10 ng. 2,6 DCNA is sho1m in Table 440 

The behaviour of the parent isolate, and 2,G DeNA re-

sisiani strain cultureo was sinilur, though nore rapid 

production of nyceliul dry weight took place in the 2,6 DeNA 

resistant strain cul~ures. Gro";orth fron the i!lo cnI un l'lUS seen 
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after 3 days. The hyphae produced were pale crean in colon:" and 

sinilar to those produced in the absence of the fungi7ide. These 

hyphae were closely inter~7oven about the original inoculun anI 

fomed an alnost .spherical cODpact colony. In the parent cl:'ltU!"Gs=, 

n nuober of snaIl colonios, 40 to 70, and less than 1.5 OD. in 

dinoeter appeared after 7 days. The hyphao in th~so colonies 

were identical with those in the larger nain colony. . Ai~er 10 

to 14 days the nain and subsidiary colonies started to develop a 

black pigoent. At this point slight growth WaS seen at the 

'glass liquid interface. Subsequent growth fron the colonies 

was of pale fawn delicate hj~hae. Itlter 12 to 14 days ~ few 

conidia were produced, but only at the glass liquid interfnce~ 

This type of behaviour lVas sho'tm by the 2,6 DeNA resistant strain 

cultures.· The nain and subsidiary colonies turned black after 7 

to 10 days. Gro,~h started at the glass liquid interface after 

5 days and a fow conidia were fomed at this surfaoe after 7 

days" 

The two. 2:3:4:6 TCNB resistant stra.ins behaved sinilarly 

to each other, but their type of response was conpletely 

different fran the parent and 2,6 DeNA resistunt ~tr·ain. Growth 

froothe inoculuo started after 1 daYe The hyphae produced and 

the colonies forned were identical with those produced by these 

strains in the absence of fungicide. Snaller subsidiary colonies 

did not appear in tho nediUD a The nyceliuo was leas conpact, 

and the hypha.e were pale fawn brown in colour. Gro~h a.tld 
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sporulation started at tho glass liquid interface after 3 to 5 

days, and the nain colony sporulated noderatGly after 7 to 9 

days. The yellow acicular crystals of 2,6 DeNA disappeared fron 

the nediuo after 2 to 3 days. These crystals were actually 

enneshed in the nyceliuo produced. A sioilar effect was obtained 

by dropping cotton wool pellets into shake flasks contnining 

10 ng. 2,6 DeNA. The parent and 2,6 DeNA resistant strain 

cultures did not enoesh the fungicide within their nyceliuo, this 

probably accounted for the large nunber of subsidiary colonies in 

these cultures resulting fron nycelial fragoents broken fron the 

original inoculur~. 

Table 44 sho,vs that both the 2:3 :4:6 TCND resistant 

strains were conpletely resistant to 10 ng. 2,6 DeNA in liquid 

nediun.. Previous exposure to 2,6 DCNAvapour did not give the 

2:3:4:6 TCND resistant strain any advantage over the 2:3:4:6 

TeND resistant strain which had not been exposed to 2,e DeNA. 

The 2:3:4:6 TeND resistant strains grew nore rapidly, and 

produced nore dry weight of nyceliun than the parent or 2,6 DCNA 

resistant strain. The 2,6 DeNA resistant strain grew nore 

rapidly than the p .... rent, and produced n naxinun dry weight of 

nyceliuo, 0.2156 g., after 10 days, conpared with the parent, 

0.0902 g .. , after 14 days. Strains of D.nllii adapted to 2:3:4:6 

TeND were coopletely rosist~t to 2,6 DeNA'in liquid rlediun. 

Strains adapted to 2,6 DCNAvapour were nore resistant to 2,,6 

DONA in liquid nediuo than the parent, but less resistant th~ 

the 2:3:4:6 TeND resistant strain. 
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2.19 Linear gro,~h, hyphal norphologv, and sporulation 

of parent isolate, and 2:3:4:6 TeND resistant 

str;in of D.allii in nresence of benzene vapour 

The behaviour of the parent isolate, and 2:3:4:6 TeNE 

resistant strain was investigated in benzene vapour;. 0.5 en, non-

sporulating discs of these strains 'Were used to inoculate Petri 

dishes, whi~h were then iooediately plnced in benzene vapour~ 

The Petri dish lids were supported by three sterile glass rings 

1.0 CD. in dinneter and 2.0 cn. high, inserted in the agar at 

the edge of the dishes. This enables the benzene vapour to 

circulate freely over the surface of the plates. Eight repli-

cates of the parent and 2:3:4:6 TeND resistant strain were placed 

in a 17.5 litre desiccator and cooled benzene added to give the 

required concentration of benzene vapour. In the first experi-

nent recorded in Table 45, the concentration of benzene vapour 

was increased fron 1,000 p.p.n. to 2,000 p.p.n. after 4 days. 

The results of these experioento with benzene vapour 

are recorded in Tables 45 and 40. 
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Table 45. 

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

of B.a1lii in 1.000 and 2,000 p.p.o. benzene vapour 

Tioe after Mean colony dinoeter in coo 
inoculation 2:3:4:6 TClfJ3 Denzene 

(days) Parent resistant strain vapour pop.n. 

1 1(l2 1.1 l~OOO 

2 2.2 2.0 1,000 

3 4 e 1 3 c 4 1,000 

4* 5.3 S 4.1 S 1,000 

5 5.5 5.4 2,000 

6 5.0 6.7 2,000 

7 6~O 7.9 2,000 

[3 -6.6 M 0.4 2,000 

9 7.1 C 2,000 

s ::; start 0 f spornl ution 

C = Plates covered with nycelin 

M = First appearance of clearly defined saltant sectors 

* = Benzene concentration increased froD 1,000 to 2,000 p.p.Do 



8 

e 
u 

z 

>4 
Z 
o 
..J 
o 
U 

z 
<2 
LJJ 
~ 

,1000 ppm BENZENE J,2000ppm BENZENE 
.. VAPOUR. VAPOUR. 

KEY. 
o PARENT. 

• 2:3:4:6 TCN B 
RESISTANT STRAIN. 

2 4 6 10 
TIM E IN DAY S. 

FIG. 14. LINEAR GROWTH OF PARENl; AND 2:3:4:6 TCN B 
RESISTANT STRAIN OF 8. ALLii IN PRESENCE OF 
BENZENE VAPOUR 



-122-

1 , 000 1Uld 2 , 0GiJ P , p.o . benzene:;,.-' _v..:..:::[1-.:.p.;;:.c..::u;;::r ..... '--......;P::...,;.:;'lr;;..;;;,cn;;;...;t .... 

~m(l 2 :3:<1: 0 TeND resistant strain 

Table 45 shows the effect of benzene vapour on the linear 

Gr ovrth of parent isolate , nnd 2:3 :4: 6 'l'eN'.J resistant strain. The 

resu lts CiX e also gr aphically ohown in Fig , 14. 

At a co~ centr nti on of I , O~ J p . p . e . benzene v apour , t h e 

Gr o,vth r at e , norphology of hyphae, and appearance of c o lonie s were 

sinilar t o those in t h tJ ab s ence of benzene . The 2 :3: 4 : 6 TeND 

ros i st nnt strain was not no ticeably a ffect ed by incroaoing t :'le 

concentrations t o 2 , 0UU p . p . n , The pn.reat isolate was, however, 

affected. The rate of gr owth was reduce d and tho hyphae pr oduced 

were darker in co l our and s CI1c'iihat abnoroal. The hYllhao were 

twisted and caarl ecl D.!lcl r es enbled thos e pr oduced by t he p arent i n 

the l,r esence (.I f TeND iaon era. Aftor 4 days at tho i ncreased 

concentration of benzene vapour nUDe r ous fan shaped s e ctors 

appo ~red in each cultLrre of the ~ nrent isclate. The hyphae in 

trle s o s ectc rl3 we r e pD.lc r in col our tt.n,"J. thos e prol~hiccd prcvi ously , 

but did not ::Jhow Do r phol o(;ic[11 abnorualitios. Sporulation 

st ~lr-::'(!cl a.ft er 4 days i n bot h series, but wa s 1 eso in the parent 

cultures than in t he 2:3:4:0 TCW~ resist ant strain cultures. 
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Table 46 

Linear Browth of parent. and 2:3:4:6 TeND resistant strain 

of D.allii in presence of 4,000 p.p,o. benzene vnpour 

Tille after Mean colony di~eter in cr::J.. 
inoculation 2:3:4:6 TeND Denzene 

(days) Parent resistant strain vapour p.p.n. 

1 0.7 0.9 4,000 

2 0.9 1.7 4,000 

3 1.1 2.4 4,000 

4 1.2 3.3 S 4,000 

5 * 1.4 4.0 4 , 000 

G 2.2 5.1 

7 3.3 5.9 

S 4.3 6.0 

9 6,0 7.9 

S = Start of sporulation 

* = Plates reDovod froo benzene vnpour 
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4,000 v.p.n. benzene vapour. Parent. and 2:3:4:6 

TeND resistant strain 

Table 46 shovro the effect of benzene vapour a~ a conc-

entration of 4,000 p.p.Do on the linear growth of parent and 

2:3 :4:°0 TeND resistant strain. The results are also graphically 

shovmin Fig. 15. 

Table 46 shows that the rate of gro·wth of the 2: 3:4: (3 

TeND resistant strain was reduced at this concentration. The 

appearance of the 2:3:4:0 TeND resistant strain colonies was 

identical with thnt in the previous experinent. The parent 

isolate grew !lore slowly, the hyphae were gnarled, twisted, and 

closely interwoven. Few aerial hyphae were produced, and the 

colour of the hyphae was darker. Sporulation was reduced, but 

was seen after 5 days. No snltant sectors appeared in these 

cultures either during the benzene vapour regioe, or after 

renoval to a benzene free ntoosphere. After renoval fron benzene 

vapour the growth rate rapidly increased, the. hyphae produced 

were nornal, and sporulation ,was ab1llldant. One distinguishing 

characteristic of thcse cultures reooved fron the benzene atoos-

phere: was the fluffy vnlite aerial nyceliuo produced on the sub­

sequent growthe 

Suooar,v of results, Taples 45 and 46 

Benzone vapour at 1,000, 2,000 and 4,000 p.p.o. had 

little or no effect on gro,~h rate, hyphal oorphology and sporu-
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lation of the 2:3:4:GTCNB resistant strain. 

Benzene vapour at 1,000 p.p.n. did not affec~ the growth 

rate of the l)arent isolate. At higher concentrations tho rate 

of growth was slower, and abnor6al hyphae were fomed. Saltant 

sectors with a hi@ler grolnh rate than the parent were produced 

at a concentration of 2,000 p.p~n. benzene vapour. The effects 

upon hyphal norphology, and rate of growth of non-so.ltnnt nyceliun 

were not peroanent, but disappeared after transfer to n benzene 

free atnosphere. At concentrations of benzone vapour which 

affectecl the growth and hyphal norphology of the parent, th~ 

2:3:4:6 TeND resistant· strain was highly resistant. 

The experioento with peND and TeNE resistant strains 

were carried out over a period of 10 nonths. During this 

period there was no reversion of these strains to the suscept~ 

ibility of the parent, when grovID in the presence of PCND or 

TeND vapour. 
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2.20 Exanination of extracts of parent and 2:3:5:0 

TC!~~ resistant strain llYceliuo for presence 

of 2: 3 : 5 : 6 TeA 

The results in section IV. 2.15 showed that when the 

2:3:5:0 TerID resistant strain of D.allii was grolvn on agar in the 

presence of 10 ng. 2:3:5:6 TCA, the strain wus conpletely re­

sistant to this funBicide, whereas the parent isolate, FeND, 

and 2:3:4:5 TeND resistant strains were susceptible. If the 

2:3:5:0 TeND resistant strain reduced the nitro group of 2:3:5:6 

TeND to an &Jino group, this night account for the resistance 

of this strain to 2:3:5:6 TeA vapour, The following experinent 

was therefore carried out to try ruld detect the presence of 

2:3:5:6 TeA in alcoholic extracts of nyceliuo and culture IJediuo 

after gro'~h by the parent isolate and 2:3:5:6 TeND resistant 

strain in liquid oediuo containing 2:3:5:6 TCNa. 

Large culture vessels containing 500 Dl. glucose pep­

tone nediun and 5 g. 2:3:5:6 TeND were seeded with 10 non­

sporulating discs of the parent or 2:3:5:0 TeND resistant strain, 

These cultures were allowed to grow for 0 l,eel{S, After 8 weeks 

the nyceliuo was separated fron the Dodiuo oy filtration through 

several layers of Duslin, thoroughly l'i'8.shed with distilled water, 

air dried, placed,in n Sohxlet thioble, and then extracted by 

refluxing with 100 nl. ethyl alcohol for 24 hours. The alcohol 

extract wos then reduced to approxinatelY 5 01. by evaporatiol1. 

The following test was found tc be characteristic for 
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2:3:5:6 TCA, and was applied to 1 nl. portions of the alcohol 

-extract, oncl to alcohol extracts of culture nediuo. 

O.OVI g. 2:3:5:0 TeA was dissolved in 1 01. ethyl 

alcohol, and 0.1 nl. 10 N. hydrochloric acid added. This was 

diluted to 5 nl, and cautiously boiled for 2 to 3 ninutes. The 

nixture was cooled to lOGe with constant stirring. 0.001 g. 

sodiun nitrite in 1 nl. of water was added to this nixture over 

30 seconds, with constant stirring. The solution was rapidly 

filtered, andaddod to V.005 g. ,;8 -naphthol dissolved in 1 01. 

4 N. sodiUIJ. hydroxide. An ora.TIlge brown colour and faint 

precipitate fomed. This "as thought to be 2:3:5:6 tetrachloro-

benzene-azo-jB -naphthol. 

sunoarised in Table 47. 

The results of this exper~ent are 

Table 47 

Exa~ination of pyceliuo and nediun extracts for 2:3:5:6 TCA 

_ 2: 3 : 5 : () TCN13 Parent 
resistant strain 
oyceliuo nediuo nyceliuo nediuo 

Reaction -va -va -ve -ve 

-ve = no orange brown colour 

+ve = orange brown colour 

2:3:5:8 
TeND 

-ve 

2:3:5:6 
TCA 

+ve 

The results recorded in Table 47 show that there was no 

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

2:3:5:6 TC1~·to 2:3:5:6 TeA. 
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2.21 Chronatographic exanination of carbohydrates 

in extracts of nyceliun and culture filtrate 

of parent, PCl~Dt and TeND resistant strains 

grown in absence and presence of PeND or TCW.J 

This experioent was carried out to detoroine whether 

qualitative carbohydrate differences existed in extracts of 

culture oediuo and oyceliun, when parent, FeND, nnd TeND resistant 

strains of D.allii were grown in glucose peptone nediuo containing 

peND or TClf.J. 

250 D1. conical flasks containing 50 01. oediuo were 

seeded with non-sporulatinB discs of parent and resistant strains. 

Each strain ,'{as also grown in the presence of 10 og. peND or TeND. 

~tfter varying intervals the fungal growth was separated fron the 

nediuo by filtration through Duslin. The filtrate was conc-

entrated to. appro:x:ioately 5 01. and spotted on No. 1 Whatnan 

chroontogrnphy paper. The nyceliuo was air dried and then 

extracted with 50% ethyl alcohol by refluxing for 24 hours. The 

alcohol extract was concentrated to approxioately 5 01. and 

spotted on chroontography paper. Descending chronatograns were 

run using propanol/ethyl acetate/water, 7:1:2, as solvent. The 

followinG solutions of carbohydrates were used as oarkers. 

1% glucose 

1% fructose 

2% sucrose 

2% nannose 

3% ribos.e 
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The chrooatograns were run for' 24 hours at roon tenpernture, 

dried, sprayed with benzidine trichloroacetic acid, and developed 

at 100 to 110°C for 3 to 4 ninutes. No qualitative differences 

were found between the parent isolate and resistant strains. 

Howlett (1955), found ribose in nycclial extracts of Dotrytis 

cinerea groVID in the presence of 2:3 :5~e TeND, but ,this carbo­

hydrate wns not found in these experioents. The chronat'ograns 

showed quantitative carbohydrate differences associated with 

different rates of utilization of carbohydrate in the nediuo, by 

the parent and resistant strains. 
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3.0 Gro'wth, hyphal norphology, and sporulation of 

TrichodenJa viride in presence of captan 
~= . 

O~5 cn. diaoeter, non-sporulating discs of T.viride 

were used to inoculate Petri dishes containing 20, '00, and 500 p~p.o. 

pure captnn dispersed in glucose peptone agar. Capton was added 

to 200 DIe Dolton glucose peptone agar contained in oedical flats 

and thoroughly chruton to dispGrse the f1h~gicide. The agar was 

l)oured into Petri dishes and any plates showing uneven d~spersion 

of fungicide were rejected. The results of this experinent are 

recorded in Table 48., 
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Table 4~ 

Linear growth of~viyide in 12resence of 2O! 

and 500 n.p.n. captnn 

Tine after Mean colony dinoeter in 
inoculation Captan p.p.D. 

(days) Control 20 00 500 

1 1 e 9 0.,6 0.6 0.5 

2 3.8 S 1.6 1.2 0.5 

3 5.6 2.7 S 1.9 0.5+ 

4 7.3 4.1 2.5 S 0.5+ 

5 D.O 6.0 3.3 0.5+ 

(3 C 7.5 4.9 0.8 

7 C 6.1 0.7 

9 7.4 0.0 

11 C 0.9* S 

13 1.0 

25 1.9 

Mean daily growth rate in cn./day 

Control 

1.7 

Captnn p.p.n. 
20 no 500 

1.2 0.8 0.06 

+ = Slight growth, but leas thnn 0.05 cn. 

0O! 

cn. 

s = start of sporulation. Spores pigoented green 

*S = start of sporulation. Spores pigoented yellow 

C = Plates covered with nycelia 
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Table 40 ShOV1S the linear grovrlih of :r ••. ~.iride in agar 

containing 20, 80, and 500 p,p.n. captnn. 

Thero was a noticeable difference between the appearance 

of nyceliun at 20 and no p.p.n., and that nt 500 p.p&D' At the 

lower two CC!lcn!ltro.tiono, the nyceliu.n Vias sparse, but hyphal 

norphology ~Tas unaffectod. The oyceliuo ",as nuinly prostrate', 

but occasional aerial hyphae were fomed. Gooel sporul~tion 

'sturted UIlifol""...1ly after 3 to 4 days, and the conidia were pig-

nented green. At 500 p~p.n. the hyphae were frequently'brrinched 

and closely interwoven. Aerial hyphae ,vere absent, and the 00-

pressed surface of the nycoliuo appeared slidy. Uneven sporUi-

lation started nftor 11 days. The conidia were initially 

coloured yellow, but changed to green after 4 to 7 days. The 

colonies were circular in outline and growth was regUlar. No 

saltant sectors nppenred during the course of the experinent. 

The results in Table 40 show that increased concentration of 

captnn reduced tho rate of growth, and retarded aporulatio~. 

The nean daily growth rate at 00 p.p.n. wns not very different 

fran that of the control or 20 p.p.n. cultures,. The nean 

daily growth rate of !, .. zirid<?.on agar containing 500 p.p.n~ 

c~ptan t"as nuch lO";1Gr th&"1 the contl'()~ .• 
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Grovrth?..l!.'Yr2hnl norpholoBY. nncl sDorulation of T,v~ 

in presence of 1,000 and 10,000 p.p.P. ca2tan~ 

0.5 cn. discs of T~'~ridG were taken fron control 

cultures after 3 days, and fron cultures growing on 500 pop.o, 

captnn after 4 weeks, and used to inoculate agar containing 1,000 

and 10,000 p.p.D. cuptnn. The results ore recorded in Table 49, 

S 

D 

Table 49 

Linear growth of T.viride on agar containing 1,000 or 

10,000 p.p.n. captan 

Tine after Mean colony dianeter 1n cn. 
inoculation Untrained Captan "trained" 

(days) 1,000 10,000 1,000 10,)000 

5 0.5 0.,5 0.5 0.5 

7 0.5 0,5 0.6 0,,6. 

9 0.6 0.5 0.8 S 0.7 S 

·12 0.6 0.6 0.8 D 0.7 D 

IG 0.7 0.6 0.9 0,0 

20 0,7 D 0 8 0 D 1.2 1.0 

26 0 0 8 S 0.7 S 1.6 M 1.1 

38 1,0 0.8 2~0 1~3 M 

62 1 0 8 1",4 4.7 3,0 

l'1enn daily growth rate CDe / day froD start of expcrinent 

0.02 0.01 0.07 0.04 

= Start of sporulation M + First appearance of sectors 

- . Discoloured zone present outside linit of radial growth 
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Tuble 40 shows that the nean daily growth rate of the 

untrained and cap~nr.. "trainedtl nyceliun was different. The 

captan "trained" nyceliun grevl three tiDes as quickly as the un-

trained oyceliuo at conpnrable concentrations of captan. Growth 

of the captll..'11 "trained" nyceliun started after 7 days, conpared 

... ::i·~h 9 to 12 days for the lli"ltrained. Hyphal norphology of un­

trained and captan "trained" nyceliun 1vas sinilar at both concen­

trations o The first fomed hyphae were pale crem:1 in colour and 

were conposed of short broad cello with thick walls. The hyphal 

tips were swollen. These hyphae branched frequently and were 

closely interwoven~ but uGrial hyphae were absent II The dense 

nyceliuo was closely unpressed to the agar surface, and appeared 

slioy in surface Vie"He The hyphal norphology and appearance of 

colonies altered durins Growth. After 9 to 20 days a few aerial 

hyphae appeared, and the hyphae of the prostrate nyceliUCl were 

less evident. A yellow brovm discolouration of the agar was 

seen after 12 days with captan "trained" cultures, and after 16 

days with tho untrained cul tures ~ This discolouration extended 

1 to 2 cn. beyond the nurgin of growth. After 30 days the 

captan "trained" cultures showed several irrogular sectors 

arising at the edge of the colonies, and these were considered 

to be saltant sectors. These sectors produced a considerable 

aerial nyceliuo, but the gro1~h rnte of the prostrntonyceliun 

was the sane as that of the surroundins non-saltani nyceliuo. 

These sectors did no~ sporulate during the course of the experinent: 
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Sporulation was retarded in both sets of cultures at the two 

concentrations. The spores produced by both captnn "trained" 

and untrained nyceliuo were usually green in colour, but Gone 

yellow conidia w'ere fomed which slowly oeCarle green. 

After 10 weeks growth, 0.5 co. discs of non-soltant 

nyceliuo were taken fron the 10,000 p.p.n. captnn Petri dishes 

and sub-cultured on fresh 10,000 p.p.n. captnn agar. The 

results of this experineni; are shown in Table 50. 

Tn"ble 50 

Continued growth of co;ptan "trained" nyceliun of 

T.viride on Mar containing 10.000 p.p.n. captan 

Tine after Mean colony diaoeter in cn. 
inoculation 

(days) 10.,000 p.p.n. captan 

2 0..6 

.0 O.g 

12 1.3 

17 2.2 

38 4.7 

Mean daily growth rate in en./day fron start of e~)erinent 0.11 

Table 50 shows thnt the nean daily growth rate of captnn 

"trainedll nyceliuo had increased :fron 0.04 to 0.11 cn./day when 

gro'lm in the presence of 10,000 p~p.n. ca.ptan dispersed in agar. 

Occasional sectors appeared but were all of the type described 
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in the previous experioent. No fast growing saltants appeared in 

any cuI ture • 

3.1 Gro'wth of captan "trained" nyceliun of 

Trichoderna viride on agar containing 

captan onalor;ues 

0.5 cn. discs of the captan "trained" nyceliUIJ. were 

tru{en fron the previous 10,000 p.p.a. captan agar cultures after 

5 weeks and used to inoculate Petri dishes containing' 500 p.p.D. 

captnn, or captan analogue dispersed in near. The three ana-

logues investigated were; 

N-trichloronethylnercapto-4-nitrophthalinide (N) 

N~trichloronethylnercapto-3,G-endoxohexahydrophthalioide (E) 

N-trichloronethylnercapto~ethyl,hexuhydrophthalinide (H) 

The results of this experioent are recorded in Table 51~ 
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Table 51 

Linear ~rowth of I2arent isolate and cD.-ptan "trained" 

nIceliun of T.viride in nresence of 500 12-12.n- Co.ntnn 

or captan analogue 

Tine after l,iean colony dinneter in cn. 
inoculation Control (H) (E) (N) Captan 

(days) P CT ? CT P CT P CT P CT 

1 1.7 {).7 0-.5 0.7 0.5 0.5 0.5 0.5 0.,5 O()5 

2 3.4 00 9 0.5 1.4 0.5 0.5 0.5 0,,7 O~5 0.6 

3 5.3 1.3 0.7 2.2 0.5 0.5 0.7 0.9 0,,6 0.0 

.4 6.0 2.6 0.9 3.0 0.5 0.5 0.9 1.0 0.7 O.D 

5 8:)2 3.D 1.3 4.1 0.5 Oe5 1.0 1.1 -0.0 0.9 

6 C 5.7 107 4.9 0,,5 0.5 1.2 1.2 0.0 1.0 

7 7.4 2('13 5,7 0.5 0.5 1.3 1.4 0.9 1.1 

9 C 3.0 7.4 0.5 0.5 1.6 1.9 0.9 1.4 

11 3.0 C 0 •. 5 00 5 1 0 0 2.5 1.0 IsO 

13 4.4 0.5 0.5 10 9 3.0 1.1 2.3 

10 5 0 0 0.5 0.5 2.2 4.2 1.4 3.0 

10 6.3 Oe5 0.5 2 g 4 5.2 I.G 3.7 

23 0.4 0.5 Oe5 2.0 0$5 2.2 5.3 

Mean daily growth rate in cn./day fron start of experinent 

1.5 1 0 0 U.3 0.0 0.1 0 •. 3 0.1 0.2 

P = Pnrent isolate of T.viride 

CT CIt Captan "trained" strain of T.viride 

C = Plates covered with oycelia 
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The results recorded in Table 51 show that for each 

fungicide where growth was seen, the nenn daily groy~h rnte of 

the c,aptan "trained" nyceliun was greater than that of lUlt)~aille(i. 

oyceliun. The captan "trained" strain gro"tT ~onc'r!hat less rapidly 

than that of parent isolate, but this nay have been due to resic'i:nal 

captan in the inoculuo, as subsequent Bub-cultures of the lO~OOO 

p.p.n. captan "trained" nyceliun showed 'no difference in -the 

growth rate fron that of parent isolate. 

No growth ,vas observed in cultures of' either captc:l 

"trnined" oyceliun, or parent isolo.te on agar containing 500 

p.p.n. N-trichloronethylnercapto -3,6-endoxohexahydrophthalioide~ 

The roaul ts showed that captan "trained" nyceliun wo.s nore r~­

sistant to the analogues, N-trichloronethyinercapto-4-nitro­

phthaliDide; and N-trichlorooethylnerco.pto-4-oethyl, hexohydro­

phthalinide, than parent nyceliun. 
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3.2 Growth of cnptnn "trnined" nyceliun of 

T~viride in presence of captan after 

sub~culture in absence of fungicide 

This exper~ent was carried out to find whether ~hG 

nean daily growth rate of tho captnn "trained" nyceliun grown or. 

agar containing 10,000 p.p.n. captrun renained the SOCle for 

growth on 10,000 p.p.n, captml ngar after G weeks sub-culture i= 

the absence of captan, or was reduced to the level of untI.."'ained 

oyceliun. 

0.5 cn. discs were taken fran the 10,000 p.p.De captan 

"trained" nyceliun and sub-cultured for G weeks in absence of 

fungicide; 0.5 CD. discs were then renoved fron the las"t sub-

culture and used to inoculate l->etri dishes containing 10,000 pop~nl' 

captan dispersed in agar. The nean daily grovrth rate recorded 

was 0.02 cn./day, conpared ,vith- 0.11 cn./day; Table 50,. for 

previous growth on 10,000 p.p.n. oaptan agar .. The value for the 

nean daily growth rate was, however, still greater than that for 

untrained nyceliun, which was 0.01 co./day. This experioent was 

repeated with simlar results. These results show that the 

ubili ty of co.ptan "trninedll nyceliun to grow narc rapidly tho...11. 

untrained nyceliuo. on captan agar is lost ," or greatly reduced 

nfter sub-culture in the absence of captan." 
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3.3 Growth of' non-sporulating nyceliun of T,.,vi1~:~d?::. 

in presence and absence-of captnn 

During the course of the experinent recorded in Table 

49, non-sporulating sectors appeared. 0.5 cn. discs lvere 

renoved fron these sectors and sub-cultured in the nbsencG of 

captnn for 1 week; 0.5 co.. discs were then renoved and used to 

inoculate Petri dishes containing 20 p.p.n. captnn dispersed i~. 

agar. The results obtained are recorded in Table 52. 

Table 52 

Gro,vth of non-snorulating nyceliuo of T.viride on agar 

oedillO containing 2Q pep-.O. captan 

Tine after 
,I"": 

Mean colony diaoeter in cn. 
inoculation Captan free agar 20 p.p.o. captan 

(days) P NSM p NSM 

1 1.7 1.0 Q.7 0 0 6 

2 3.5 S 3,7 1..7 1 e 5 

3 5.4 5.7 2,0 S 2.9 

5 0,3 C 5,.2 50 5 

7 C 0.5 C 

p =. Untrained nyceliun 

,NSM. = Non-sporulating nyceliun 

C = Plates covered with oycelia 
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A. Non-sporulating strain 

Plate 7 

D. Parent isolate 

No captnn 

20 p . p . n o 

captnn 

Parent isolate, and non-sporulating strain of T.viride on 

20 p.p.D. captan agar , a,..cl captnn free agar, after 5 days 

growth. 
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Table 52 s!}~-rrn th-at the growth rate of parent isolate, 

and non-sporulating strain on 20 p.p.D. cu~tan agar and on captnn 

free agar were sinilar. The Dain differences between the behaviour 

of the two strains was the prcdoninantly aerial habit of the non­

sporulating strain, nnd the absence of spcrulution, conpared with 

the parent isolate. 

Suonar,v of rosults Tables 40 to 52 

Trichoderou viride· survived und grew at concentrations 

of captan up to 10,000 p.p.rl. incorporated in glucose peptone agar. 

The rate of growth of lIDtrained nyceliun waS lower, the higher the 

concentration of captnnn At 20 p.p.L' .• there was little or nn 

effect on gro,~h rate, hyphal norphology or sporulation. At 10,(;00 

p.p.D. the grolrth rate ,rua slow, hyphae were abnon:wl, and sporu-

lation was retarded. Resistant saltnnts with a higher growth 

rate than captan "trained" nyceliun did not appear during the 

course of the experinents. Saltants were produced which fomed a 

predoninantly aerial oyceliuo but did not sporulate either in 

presence or absence ofcaptnn. The higher growth rate of 

. "trained" nyceliun, conparec1with illltrained oyceliuo :.:'1. t~~ :"';coence 

of lO,OOOpop.n. captnn was lost after .sub-culture in the absence 

of cuptan. Captan "trained" nyceliuo grew nore quickly than un-

trained nyceliuo in the presence of two cnptan analogues. The 

N-trichloronethylnercnpto-3,o-endoxohexnhydrophthalinide at 

500 p .• peD o prevented growth of captnn "trained", ,and untrained 

ny.celiun. 
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3.4 Observations on old cultures of T.viride 

growing in tho presence of captnn 

It was found that old cuI tures of captan "trained" 

nyce1iun of T.viride which had been growing on 10,000 p.p.D e 

captnn agar for several nonths often sne11ed strongly. Rich 

(1959), showed that lO·2M I-cysteine ~n~agoniBed the toxicity of 

captan at 3 x 10-5M in liquid nediun to Sclerotinia fructicola. 

Captnn reaots with I-cysteine in vitro ~ give cystine, tetra­

hydrophthaliDide, hydrogen sulphide, carbon disulphide, 

2-thiazolidine thione-4-carboxylic acid and hydrochloric acid. 

The odour of old cultures of T.viride nay have been due to the 

presence of a nunber of volatile products, but a gas train was 

nade to try and detect the presence of hydrogen sulphide. The 

apparatus constructed is shown in Fig. 16. 

Gas train for detection of hydrogen sulphide 

Ii. streao of air was punped through the apparatus by 

DennS of a snnll '''Dynax'' punp. A tTl junction with stopcock 

(D), allowed a crude regulation of the air stre~. The first 

units (C ond C·t ), were gas washing bottles which contained 100 Dl. 

of 2.5% cndniun acetate with 0.1 Dl. of acetic acid. These 

reooved hydrogen sulphide fron the inconing air. A second IT' 

jllllction (D) ~ with capillary stopcock allowed a fine regulation 

of the air strean.Moisture and cadniun acetate spray were 

renoved by two 'U~. tubes (F and F'), containing calciun chlorid,c 
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(Q - 14 nesh). A fU'_1 tube (G) containing silica gel (i" to 
I 

6 D.S.S.), indicated n dry air streBO. The nir streno then 

passed into a saturator (J), which consisted of a roll of 

chroDatography paper, kept noistened by n. snaIl water reservoir 

(L) 0 The air streon then passed through a test chnober (M). 

This ch~ber consistod of two pieces of glass tubing (internal 

dinoeter 2 0 5 cOG) with ground glass opposing flanges. A lead 

acetate paper for detection of hydrogen sulphide was firnly held 

bet'vnnn these flanges by spring clips. The culture vessel (0), 

was ~ 150 Dl. conical flask with ground glass necl::: joint fitted 

wi th a gas bubbling head. A second test chanber (p), was 

placed after the culture chaober. The two testchruJbers were 

,~apped in nluoiniuo foil to exclude light~ The apparatus ended 

in a l)ubbler (Q), containing butyl phthalate 0 All the glass 

joints were butted together wi-th polythene tubing" , 

The lead acetate test papers were prepared in the 

following OruL~er. 

preparation of lead acetate test papers 

Whatnnn No. 1 filter papers (4025 CDe circles) 'w"ere 

found to be suitable for wet strength and gus porosity. The. 

test circles were prepared by ionersion in a G. 57~ aqueous lead 

acetate solution containing 10% glycerol. These circles were 

'drained and allowed to dry by hanging in a desiccator over 

calciuo chloride. The papers were· then stored in a 1~500.Dl. 

desiccator over 5 nl. water until required. 
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The circles were tested in the apparatus and found to 

detect 1 p.p.n. hydrogen sulphide. A brown stain of lead 

sulphide appeared when hydrogen sulphide was present. This 

stain was uniforo and not restricted to the downward side of the 

gas streao. 

This apparatus allowed a hydrogen sulphide free Doist 

air streru~ to reach the culture chruJber at a steady rate. 

Key to Fig. 16 

D ••••••• stopcock for air regulation 

C & C' Cndoiuo acetate bubblers 

D •••.••• stopcock for fine regulation of air strerno 

F & F' IU' tubes containing calciuo chloride 

G ~ •••••• t U'·tube contnining silica gel 

J ••••••• Saturator containing roll of filter paper 

L ••••••• 1vater reservoir 

M & P ••• Test chanbers 

o ••••••• Culture chanber 

Q ••••••• Gas bubbler containing butyl phthalate 



AIR STREAM 
A-+ --~-

JI"~ ___ 

C 

FIG . 16. GAS TRAIN FOR DETECTION OF HYDROGEN SULPHIDE. 

I 
1-' 

~ 
I 



-140-

Exonination of parent and 10,000 p .p.n. captan 

"trained" nvceliun of T.viride growing in presence 

of 10,000 p~p.nA captnn for presence of hydrogen 

sulphide_ .. 

1. It 0 cne dianeter discs of CD.IJtan "trained" oyce1iun of T .viride 

were renoved fron cultures containing 10,000 p.p.D. cnptan after 

3 nonths growth. Sinilar discs were taken fron co.ptan free 

cultures of the parent after 5 days growth. The discs were 

transferred to 150 01. flasks containing 50 01. 10,000 p*p.n. 

captnn agar. tVhen growth started fron the inoculun, the 

culture chanber was placed int~e app~atus and allowed ,to grow 

for several weelts. At fortnightly intervals the test circles 

- enclosed in the test chaobers (M) and (p), were renoved and 

eX:81:1ined for lead SUlphide. 

are O:tt:l!l~.l"'::'zod in T'uble 53. 

The results of these eXperinents 
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Table 53 

EXru3ination of T.viride cultures growing on 10,000 

p.p.n.captan np:ar for presence of h:tdrogon sulphide 

CuI ture chnober 

:).0,000 p.p.o. 
co.pton "trained" 
nyceliun 

Tl 

-va 

Tine 

2 
T2 

-ve 

after inoculation 
('\V'oeks) . 

4 6 8 
Tl T2 TI T2 Tl 

-ve -ve -va FS -ve 

T2 

+ve 

?nrent -ve -ve -ve -va -ve -ve -ve -va 

Blank -ve -ve -vo -ve -va -ve -ve -ve 
no inoculun 

Tl First test circle 

T2 Second test circle 

-ve Negative test 

+ve Positive test 

FS Faint stain 

The results recorded in Table 53 show that in all 

tests hydrogen sulphide free air reached the culture chaober. 

No hydrogen sulphide was detected in the blank test, or in the 

test with parent oyceliuo. A faint shadolV' was se en ,vi th th e 

10,000 p.p.o. captan "trained" nyceliun after() weeks, ond a 

definite test was seen after B weeks. The results show that 

hydrogen sulphide'~as not given off by cnptan, or parent 

nyceliun, but trace quantities were given off by captan "t:r;.~ined" 

nyceliun. The ninute quantities evolved were not considered to 

be of significnnt inportance. 
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v. DISCUSSION 

In this investigation on the effect of the vapour of 

pen~achloronitrobenzene and tetrnchloronitrobenzenes on Dotrytis 

allii it was found that nore than one type of resistance developed~" 

D.o.llii becnrle adapted to these substances either by producing 

non-sal tent oyceliun ,,'i th a higher growth rate than that of the 

parent isolate, or by producing resistant saltents with a ouch 

higher growth rate than that of the .parent isolate, in the 

presence of these substanoes. 

The vapour of these chlorinated ni trobenzenes retarded 

growth, suppressed or reduced sporulation, and produced norpho­

logical nbnornnlity in hyphae. These conpounds were thus 

fungistatic, rather than fungitoxic. 

In the investigation oithe effect of captDn on 

Trichode~a viride it was found that non-saltant nyceliuo could 

be"tro.inedll to grow nore quickly than the parent in high conceri-" 

trations ~f captnn, snltant uyceliuo was produced, but was un­

able to sporUlate either in the presence or absence of capt an. 

This sal tnnt oyceliun did not grow nore quicl{ly than IItrained" 

nyceliun produced under the S&le conditions. 

The results obtained will now be considered nore 

fully. 

~he production of oyceliun resistant to the vapours of pentn­

chloronitrobenzene or tetrnchloronitrobenzene~·depended upon the 
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L.~bility to survive the initl.al period of treatnent'l when growth 

was indiscernible. The growth of D.nllii in the presence of 

these vo.poUrs was retarded, und the hyphae initially produced 

were swollen a.."ld distorted. Resistant sal tents were produced and 

these were characterized by n ouch higher growth rate than the 

parent isolate when grown in the presence of the vapours. The 

distinction lJetween sol tont und non-snltant nyceliun was also 

clearly evident in appearance of hyphae. The norphologicnl 

characters of saltant hyphae were conparatively unaffected by the 

vupours. Growth was reduced in Dnalli:b" according to the 

&Jount of pentachloronitrobenzene or tetrachloronitrobenzene 

This gradation was always evident, but the reason was 

not apparente Hewlett (1955) ,calculated that the Of.lount of 

these substances used to saturate the air present in 9 0 0 cn. 

Petri dishes with pentachloronitrobenzene, or 2:3:5:6 tetrachloro­

-5 nitrobenzene was- only 5 x 10 ng. The lowest concentration 

used in these experinents was 0.1 ng., considerably in excess of 

this value, but higher concentrations showed an increased 

effect upon the testorganisn. The fungicides were purified by 

. recrystalliso.tion nnd it is unlikely that any inpurities were 

present to influence this gradation. 

The parent isolate of 133allii behaved in the sane 

n~~er to the vnpours of pentachloronitrobenzene or 

tetrachloronitrobenzene, but the degree of effect on hyphal 

norphology, rnte of growth, and sporulntion was difforent 
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according to the vapour used. The resistant sn1tants were nIl 

charncterizocl by n paler colour, and a higher growth rate than 

the parent isolate, when grown in the presence of the vupours. 

These substances alwa.ys reduced or suppressed sporulation on 

sal tant ond non-snl tnnt nyceliun. This offectwus not 

perr.mnent, as both types of oyceliuo sporulated nornally wh.en 

sub-cultured in the absence of fungicide vapour, The effect of 

equivalent noounts of tho fungicides on sporulation and growth 

was different, and this nay have been due to the relative ease 

with which the vapours were able to penetrate the hyphae, 

The resistant saltnnts produced in the presence of 

2:3:4:5 TCWD, 2:3:5:0 TC~rD, 2:3:4:6 TeND, and peND vapour were 

also resistant in varying degrees, to each of the other three 

substances. This evidence of a cornon acla11tation necha-niaD 

suggests that these vapours exert their effect by a sinilar 

action. The resistant snltants did not, however, show the 

S&le tolerance 'to each of the other substances, It is possible 

that the resistant saltunts were in soue way specifically adapted 

to the vapour wi. th which they were initially treated. The peND I 

and 2:3:4:0 T~ND resistant strains, sub-cultured fron the saltnnt 

sectors, clearly showed this effect. The 2:3 :4:6 TCN"iJ resistant 

strain was as res istnnt to peND vapour as the :reND res istant 

strain, but the PeND resistont strain was nlnost as susceptible 

as the par~l1t isolate to 2:3 :4:6 TCND vapour, &"'ld did not 

approach the degree of reoistance shown lJY the 2:3 :4:(3 TCND 
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resistnnt·strain. These effects were also apparent in liquid 

nediUD o The S&.1e pattern of behaviour was found with non­

saltnnt nyceliun growing in the presence of the vapours of 

peND and TCWJ. These experinents also showed that conparative1y 

little resistance to peND or TeND isoner had been built up by 

non-saltant nyceliuoo ~ho results of the initial experinents 

on production of strains resistant to chlorinated nitrobenzencB, 

confirned the conclusions of ?arry (1957), and Brook and 

Chesters (1957), that sone differential adaptation to pelID and 

TeND isonere occurred, but shewed that sone CODDon adaptation 

;:1ochanisn nust also be presont. This hypothesis was substantiated 

by the results obtained in liquid nediuo. Resistant strains 

produced in response to exposure of the parent isolate to the 

'vnpours of PCI\l13 anc1 TeND isoners TIere gr01'al in liq":"1.id nediun 

containing 10 ng. of the four substances, to see h01" far 

resistance to one fungicide conferred ,resistance to another. 

The results were asses.sed on two banes" rate of utilization of 

glucose and dry weight of nyceliuo produced. These nethods 

of nasessoont gave sinilar results~ In the presence of'lO Dge 

fungi9ide the resistant strains utilized glucose nore efficiently 

than the parent, ~J.d this was reflected in the dry weight of 

nyceliuo produced. The s~ne general picture was obtained, that 

resistance to on~ of the fungicides nlways conferred sone 

resista.1!J.ce to the others, but that tho extent of the reoiotance 

depended upon the origin of the strain. PCI~B uaa the least 
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fungiotntatic nonbcr of the penta-, and tetrachloronitrobenzenes, 

and the ]?CNB resistC:U'1.t strain wns not affected by PCNB, but its 

growth was retarded by the tetrachloroni trobenzencs in the 

order, 2:3:4:6 TCllli> 2:3:5:6 TC1fJB> 2:3:4:5 TCNB, but it 

still grew better than the parent isolate in the presence of any 

of those substances. 2:3:4:6 TCNB Vias the nost fungistatic of 

the four substances, and the 2:3:4:6 TCNB resistant strain was 

alnost unaffected by the othnr three substances e The 2:3:4:5 

nnd 2:3:5:6 TClfJ:3 resistant strains were internedi§,te in their 

response to the fungicides, between that of the 2:3:4:6 TeND 

resistant strain and the peNn resistant strain. These two 

resistant strains were Dore resistant to the isoner withwhiclr 

they had been oriGinally treated, than to the other fungicides. 

The "econonic coefficient" for the resistant strains 

in the presence of FCNB or TCN:B isoner reflected their ability 

and efficiency conparcd with the parent isolate, in converting 

carbohydrate supplied into cellular nnterial e The lOVleS"t; 

values were givon by the parent isolate and peND resistant 

strain in the presence of 2:3:4:G 'leNB. The hiGhest values 

were recorded in the absence of fungici:.:.o, nnd hiGh values were 

also recorded by parent isolate and resistru~t strains in the 

presence of PClf.b" These results enphasized that of the four 

substances considered, PCNB was the least fungistatic, and 

2:3:4:6 TC~m the nost fungistatic, and that for the resistant 

strains, the strain shewing the greatest general resistance was 
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the 2:3 :4:6 TeNE resistant strain, fu'"ld ~he least general 

resistance the PCNB resistant strain. The results also showed 

that hyphal norphology and sporulation ~re less affected in 

liquid nediun containing the fungicides than by the vapour of 

these substances. This nay have been due to the extreuely low 

solubility of these chlorinated ni trobenzencs in l1Pi,er. 

When the resistimt strains were grown in the p::-csenca 

of the vapour of dichloronitrobenzene isoners, it was found that 

the 2: 3 :4:6 TeNB resistaJlt strain grew slowly in concentrations 

of 2,3 - and 2,4 dichloronitrobenzene which l{illod the parent 

isolate, PeND, 2:3:4:5 and 2:3:5!G TeNB resistant strains, and 

0.100 survived without nacroscopic sign of gro,~h, concentrations 

of 2,,5 dichloronitrobenzene, which killed the parent isolate and 

other resistant struins~ These dichloronitrobenzenes were far 

nore effective thnn r~NB or TeNB isouers at equivalent 

concentrations in retarding growth. . Hyphae produced in the 

presence of dichloroni trobenzenes l'lere abnornal, and the ab-

nornali ty though nore pronou..'1ced was sinilar to that caused by 

the tetrnchloronitrobenzenes. The nbnor.oal hyphae initially 

produc,ed were conspicuously distorted. Extensive areas of 

vacuolation and granula~ion were present, and the cell walls 

were often creased and v~inkled. Intercalary swollen portions, 

rcsenbling chains of chlonydospores VTere also produced. 
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Anost interesting response was shown by the TeNE 

resistant strains in the presence of 1 ng. of the dichloro-

nitrobenzenes. Sone cultures rapidly produced a thin prostrate 

spreading nycelillu. This growth continued for a few days and 

then stopped, The hyphae conprising this nyceliuo were not 

abnornul. Subsequent growth was always associated VIi th abnornal 

hyphae producecl fron spots withiu:1 or at the edgG of the colony. 

Less nbnoroal hyphae were produced fron these areas, and 

event~ally hyphae with a ouch higher growth rate in tho presence 

of these vapours were produced. other cult~res did not start 

to grow for several days, nnd the hyphae initially produced were 

abnoro.al. There woo no obvious explanation as to why 

replicates of the TC~il resistant strains responded differently 

to the sane trentnant. The 2:3:4:6 TC1JD resistant strain wan 

clearly the nost resistant, and the PCNB resistant strain, the 

least resistant to the vnpour. of dichloronitrobenzenes o These 

laboratory studios showed that the dichloronitrobenzones were 

far nore effective than thetetrachloronitrobenzenes in retarding 

They wore flL.7lC;i toxic to the parent isol ate t whereas the 

teirnchloroniirobonzenes only retarded grcw.J(;h and never killed 

the fungus. If these dichloronitrobenzenes thowed low 

phytotoxicity and were not nore toxic th&~ the tetrachloro-

nitrobenzenes to nninnl life, -they Dny prove nore effective 

llllder field conditions than TCliB isobars in controlling diseases 

associated with Botrytis spp. The rcsulto with 2,5 halogen 
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substituted nitrobenzenes showed that when chlorine was replaced 

with bronine or iodine, t~e resulting conpounds were fur less 

effective in retarding gro,~h of B.allii. Hyphal abnoroalities 

were not as conspicuous with these fungicides as with dichloro­

nitrobenzenes. The 2:3:4:6 TeNE resistant strain showed a 

graded tolcrrulce, at .equivalent concentrations to the three 2,5 

halogenated nitrobenzenes in the order I> Br> Cl. The renson 

for this nay be associated with the ease with which the 

halogens are renoved fron the benzene ring, intrinsic activity of 

the substances, or ease of penetration of the fungal wall by the 

vapours. 

When parent isolate and the 2:3:4:6 TeNE resistant 

strain were ,grown in, the presence of 2,6 clichloro-4-nitroaniline, 

the growth OJ."1.d sporulntion of the 2:3 :4:6 TCN'B resistnnt strain 

was scarcely affected, ''lllerens the growth of the parent isolate 

was retarded ood sporUlation delayed and dio.iniBhed. Sinilar 

resul ts were obtained in liquid nediurJ.. Blnck nycelial pellets 

were produced by the parent isolate in liquid nediun containing 

this .fungicide. This production of blnclr hyphae was also seen 

when the parent isolate was grown in liquid uediun containing 

TCNB, though in these cultures the developI.J.ent of black hyphae 

was associated with growth at the glass liqUid interface. 

The fungicidG 2,6 dichloro-4-nitronniline (nllis~~), 

was recently introduced by Boots Pure Drug Co., Ltd., and in an 

advisory leaflet by the conpany was clained·to be particularly 



-150-

effective against Botrytis cinerea on lettuce. Under laboratory 

conditions it did not appear to be pnrticularlyactive against 

the parent isolate of D. allii, and was 'wi thomt apparent effect 

on tho 2:3:4:GTCNB resiotant strain. This nay be due to a 

nunbar of causes. Hewlett (1955), observed that even within a 

genus the effect of. FeND ruld 2:3:0:0 TeND could not be foretold, 

as tests with nine different species of Botrytis showed that there 

was considerable variation both in the deBree of retardation of 

growth" nnd in tho length of tino of treatnent bcfore cuI tures ' 

resuned slow growth. It is po~sible that under field conditions 

allisan exerts its controllinB effect 'upon Botrytis diB~aSGs,by 

its presence within the plant syston. 

Experinents with tho parent isolate of B.allii PCND, 

and TCli3 resistant strains in the presence of 2:3:5:6 tetra-

chloronniline vapour, showed that for eqUivalent concentrations 

of fungicide, this substance was less effective in retarding 

growth and suppressing sporulation than the corresponding 2:3:5:6 

TeND. This suggested that the TCNB resistant strains possibly 

lowered the activity of the tetrachloronitrobenzenes by 

reducing the nitro group to un acino group. If nitrate 

reductnses were present in the reoistant strains they could be 

associated with the adaptation of D.allii to the tetrachloro-

nitrobenzenes. It was fOlUld that 2:3:'5:6 :tetrachloroaniline 

fon3ed an orange brown product under diazotisntion conditions 

withfJ naphthol. This reaction was used as a test for the 
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presence of 2:3:516 tetrachloroani1ine in nycelinl and culture 

filtrate extracts of the 2:3:5:6 TCWJ3 resistant strain grown in 

liquid nediTIO in the presence of large flOOunts of 2:3:5:6 TCI~~. 

No evidence of 2:3:5:G tetrachlorooniline Vn1.S found. This does 

not invalidate the suggestion of reduction by the resistrult 

straino to a less effective derivative, but it does not appear 

to be prinarily associated with developnent of resistance in 

B..allii to the tetrachloronitrobenzenese 

Chronatographic analysis of nycelial and culture filtrate 

extracts 'of TCN13 resistant strains grown in liquid Ded.iun con-

taining the tetrachloronitrobenzenes did not show any qualitative 

carbohydrate differences, and ribose ,dlich'was reported by 

Hewlett (1955), under these conditions with Botrvtis cinerea \'las 

not found. 

The parent isolate of D.allii and the 2:3:4:6 TCWB 

I 
.I resistant strain were grown in the presence of different 

concentrations of benzene vapour. It was fO'W1d that at the 

concentrations used, the growth'rate of the 2:3:4:6 TeND 

resistant strain was hardly affected, ,rl1ereas the linear growth 

of the parent ioolate was noticeably retarded at 4,000 p.p.D. 

benzene vnpour. This experinent with benzene vapour slliJgeots 

two possibilities why the TCNB resistru.1.t strains, particularly 

the 2:3:4:6 TCND resistant strain, are resistant to a wide 

variety of conpounds. The TCNE resistant strains nay be 

resistant to the benzene ring, which is the only chenical 

~ 
.. ; 
" 
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structure cODDon to all the conpounds uned, or they nay be 

resistant to the penetration of these vapours through the cell 

wall. An observation possibly associated with this latter 

::n"!geestion was that when dincs were taken froD cuI turesof the 

2:3 :4:G TeND resistent strain, it was found that these discs were 

Duch harder to cut than those fron the parent cultures. This 

tougher nyceliun was not associated with quantity of nyceliUD, 

or with wall thiclmess 0 

The TC~m resistant strains retained their resistance 

to the tetrachloroni trobenzenes during 10 nonths gro\'{th under 

ordinary cultural conditions and in the absence of ti.lese 

fungi-aides e 

The general resistance of the TeND resistant strains to 

a llunber of conpounds, haloGenated nitrobenzeneo, 2,6 dichloro-

4-nitroaniline, 2:3:5:6 tetrachloroaniline, and benzene, con­

clusively confirned the hypothesis that soue corDon adaptation 

nechnninD exists in Deallii to the tetrachloronitrobenzenes and 

asr.~ciat~d substances. The results ,rith the tetrachloronitro-

benzenes also confiroed the conclusions of Brook and Chesters 

(1957), and Parry' (1957), that sone specific adaptation to 

different isoners Day exist. 

The results with Trichoderna viride on agar ,containing 

captan showed that this f':Jngu.r~ could tolerate high ,concentrations 

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

"trained" to Grow nore rapidly than the parent isola.te in the 
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presence of captan. 

The slow growing nyceliuo initially produced in the 

presence of captan was'conposed of prostrate distorted hyphae. 

Sporulation was retarded, and pignentation of the spores was 

affected. Variants conparable to those produced by B.allii in 

the pres ence 0 f TeNI) with a higher growth rate than the cuptan 

"trained" oyceliuo did not arise during the eourse of the 

experinents with T. virid~ on captun agar. Non-sporulating 

sectors did appear however, but their grovnh rate in the presence 

of captan was not higher than the "trained" nyceliun. The 

captan "trained" nyceliuo was slightly nore resistant to two 

captan analogues, N-trichloronethy~ercapto,4-nitrophthalinide, 

and N-trichloronethyllJ.ercapto ,4-nethylhexahydrophthalinide, but 

not to N-trichloroncthylnercapto 3,o-endoxohexnhydrophthalinide'. 

Experinents with CD.IJtan "trainedlf oyceliun of 

T.virid'e growing on captn..l1 agar to detect the presence of 

hydrogen sulphide were inconclUBive. The ninute anounts evolved 

by this strain showed that hydrogen sulphide was unlib:ely to be 

produced as a result of fungal netabolislJ., or interaction with 

cnpto.11. The results in this section also showed that hydrogen 

sulphide was not associated with natural deconposition of cnptnn, 

The increased tolerance of capton IItrained" oyceliun 

to captan WllS lost nfter sub-cuI ture in the absence' of 

fungicide. 
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Significance of experinentul results. 

The laboratory experinents with chlorinated nitro-

benzones have shown that stable resistant strains of D. allii 

arise when exposed to the vapour of TeND isooers or PCWB~ 

These laboratory studies represent extrene experinental con-

ditions which are unlikely to be present under field conditions. 

It seens inprobuble that ordinary field c'onditions would 

present B.allii with the opportunity ~o develop resistant strains, 

since even under laboratory conditions the resistant straind did 

not develop irnediately, and only at the higher concentrattons 

used. How'over, under certain environnental conditions, such 

as are present in franes and glass-houses where nuch higher 

local concentrations of ftmgicide vapour nay be present, 

resistant strains could possibly develop. This study suggests 

that isolates of B.allii or B.cinerea fron fr~es or glass-

houses where chlorinated nitrobenzenes have been ext.ensively used 
". 

should be oXtIDined for evidence of stable resistance, as these 

conditions nay represent a focal source, or reservoir of 

resistant strains accounting for the inconsistent and unsatis-

factory reaul ts recorded by advisory officers and growers llsing 

PeND-and 2:3:5:G TeND in controlling diseases caused by 

Dotrytis spp. 

One inportant aspect that arises fron this work is 

the pathogenicity of the PCNB and TeND resistant strains to 
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onion. It is possible that under field conditions m~ere these 

flUlgioides are used that resistant strains do develop but that 

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

1. When Dotrytis al1ii waD exposed to the vapour of PeND, 

2:3:4:5 TeND, 2:3:5:6 TeND, ruld 2:3:4:6 TCr.ill slow 

growing oyceliun was IJroduced after varying intervals. 

The hyphae wore swollen and distorted, and oore deeply 

pigoented than those of the parent isolate in the absence 

of fungicide. Geroination of spores of,theparent isolate 

ill Felli or TClf.G vapour waS retarded, and the gem tubes 

produced were swollen and' abnoroal. 2: 3:4: 6 TCliB was the 

nost fungistatic isoner, and peND the least fungistatic 

substance. 

2. Sooner or later reeist~nt variants were produced in the 

preoence of 10 og. PeND, or TeND isonor., The growth rate 

of these variants was ouch higher than that of the parent 

isolate when grown in the presence of PCND or TeND isoner. 

The hyphae of these resistant variants were nomal in 

nppe or ance. 

3. The vapour of FeND and TeND isoDere had less effect on 

established colonies of the parent isolate of B.allii than 

on newly inoculated Petri dishes. Lag phase'and ttoe for 

appen.ra~co of resistant sal tants were reduced. Hesistant 

snltnnts of peND were not so clearly 4efined. 
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4. The resistant saltants all grew nornally and sporulated in 

absence of fungicide. The rate of grol~h of the 2:3:4:6 

TCI~rl sal tant in absence of, fungicide was lower than that of 

parent isolate or other resistant saltants. 

5. The resistant snltnnts were sub-cultured in absence of 

fungicide, (subsequently called resistant strains in text), 

and then grOlr,n in the presence of vapour of each of the other 

three sUbstun'ces. The resistant strains grew faster in the 

presence of vnpour of all of the substances, thnnthe parent 

isolate •. The 2:3:4:6 TeND resistant strain showed the 

greatest general resistance to the vo.pourn, and the PCNB 

resistant strain the least general resistance to the other 

vapours. 

G. Non-snltant nyceliuo produced by parent isolate in presence 

of peNB or TeND vapour grew slightly nore quickly than un­

treated nyceliuo, when grown in presence of peND or TeND 

vapour. 

7. Spores produced by the resistrult strains in absence of 

fungicide did not geroinate as well as those of parent 

isolate in absenc,e of fungicide, but geminated Dore quickly 

than those of parent isolate in the presence o'f FeND and 

TeND vapour. 



G. Resistant strains grown in liquid nedi'UIl in the presence 

of fungiuides utilized carbohydrate nore efficiently than 

did the parent in the sane conditions. In liquid nediun 

the nost fungistatic substance was 2:3:4:6 ~Clf".13i ,and the 

least funGistatic substance PeNH. Hesistance to either 

FCNi3 or TCH13 isonor, 'al'\vays conferred sone resistance to 

the other throe coopotinds. These experinents with 

resistant strains provided evidence for a CODDon adaptive 

oechonislJ. as well as for n nore specific one. 

9. feNS and TC~B resistant strains were used in conjunction 

with other halogenated nitrobenzones, 2,6 dichloro-4-

nitroaniline, and 2:3:5:6 totrachloroaniline. l~sistunce 

to TeNE always conferred sone resistance to these 

oonpounds; these effects were nost narked with the 

2:3:4:6 TCN'"D resistant strain. This strain grew slowly 

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

'nitrobenzene which killed the parent isolate. and other 

rosistant strains. 

10. The vapour of the dichloronitrobenzenes produced severe 

norpho1ogicnl ubnbrnality of the hyphae of parent and 

resistant strains. More thon one type of response to 

sub-lethal eoncentrations of these vapours was shown by 

TeND resistant strains. 
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11. The 2:3:4:6 TeND resistant strain showed a graded tolerance 

to the halogen series of 2,5 substituted nitrobenzones in 

the order r,. Br" Cl. 

12. The 2: 3: 4: 0 TeND was unaffected by concentrations of 

benzene vapour which retarded the growth of the parent 

isolate. 

13. No evidence was found to suggost that the 2:3:5:6 TeND 

resistant strain was capable of reducing the nitro group 

of 2:3:5:6 TeND to an ru3ino group, and thus reducing the 

fungistatic potential of 2:3:5:6 TeND. 

14. The peND and TCNB resistant strains retained their 

resistance for at least 10 nonths under ordinary 

cultural conditions and in the absence of fungicides. 

15, ~llienT.richodeIT1a viride was gro,'m in the presence of 

captnn incorporated in Elgar, slow growing nyceliun Vias 

fomed, hyphae were abnon~al; sporulation was retarded, 

and pigoentntion of the spores was nffected o T.viride 

was '~tro.inedu to grow nore rapidly on agar containing 

10,000 p.p.D. captan after sub-culture for several weeks 

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

susceptibility after (} weeks growth in the absence of 

captan, 

17. Captan "trained" oyceliuo grew oore quickly in the presence 

of two captnn analogues than did the parent isolate a 

10. Hydrogen sulphide was found ,in trace quantities when 

capton "trained" nyceliun was gown on agar containing 

10,000 p.p.n, captan. The quantities of hydrogen sulphide 

produced indicated that this conpound was ~'11ikely to be an 

inportant breakdo,m product of co.ptnn. 
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