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SfUDIES ON THE ASSOCIATION OF CERTAIN PHYTOPATHOGENS = : 

Introduction: 

Association of plants is by no means a new subject for 

study,though so far reports dealing with association of phyto-

pathogens have been comapartively rare,as a survey of the 

literature on the subject indicates.Most attention has evidEntly 

been turned to other branches of researc~. 

Recently,during an extensive survey of storage rots at 

Macdonald College and vicinity,it has been observed by the 

writer that even though the rots were relativel~ abundant and 

many vegetables and fruits were attackedtthe number of species 

of pathogenic organisms on a single specimen was very limited. 

It was only rarely t!lat more than two species of these organisms 

were found at the same time on the same host.In advanced stages 

of the rots,the number of species increased,but these additional 

species were usually of a 8~prophytic nature. Sometimes two or 

more wound parasites were found on different specimens in the 

same lot of the host plants,but only in a few cases were they 

associated intimatelY.Association of parasites with saprophytes 

was much more common. 

Large numbers of fungus spores are continually dispersed 

over exposed objects.It seems strange,therefore,that the 

association of phytopathogens is not more general.It is by no 

means a rare occurrence to have several diseases present on 

the same plant,but they are seldom closely associated. 

The study of the association of phytopathogens involves 

the knowledge of a large number of scientific data.A detailed 

knowledge of taxonomy of plants is essential,so that the many 
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species of plants and and their fungous and bacterial parasites 

can b~istinguished. A good knowledge of plant physiology and 

biochemistry is needed to differentiate the many processes that 

are involved in the activities of the parasites on the host. 

Then,finally,a knowledge of the effects of ecological factors 

on the above relationship is -necessary,for these factors are 

of major importance. 

The ±mportance of phytopathogenic association cannot be 

overestimated,for it is found to occur frequently in nature. 

It is a well known fact that cereal plants attacked by smut 

fungi are rendered more susceptible to the attack of rust. 

Apples bearing lesions caused by the Scab fungus,Venturia 

inaequalis,may become rotted in storage by the Pink Rot fungus, 

Cephalothecium roseum.Many other such examples may be naL1ed. 

In most cases the primary invasion does not do very much harm, 

but the penetration of the wound caused by the primary parasite 

is invaded by secondary organisms which are able to cause a 

very destructive rot. Such associations include the following: 

potato tubers attacked by pznchytrium endobioticum,later rotted 

by bacteria;tomato fruit attacked by Cladosporium fulvum,but the 

destructive rot being initiated later by Botrytis sp.;the rot 

of onion bulbs,caused by Botrytis allii and Erwinia caratovora; 

and Sclerotinia fructicola on apples,later followed by Penicillium 

:expansum. These associations can be often found. 

Review of Literature~ 

Faulwetter (30),when studying a leaf spot of cotton caused 

by an organism whicl1 he considered identical with Alternaria 

tenuis,noticed that on the margins of the lesions caused by 
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by the fungus,spots caused by Phl~omonas malvacearum were found. 

He also found the organism present in spots surrounding red-spider 

injuries,and also on leaves where there had been no previous 

injury whatsoever. 

Heald and Pool (3~) observed that perithecia of Melanospora 

pam~ana were produced in large numbers when the fungus was 

grown in association with Fusarium moni!~form~,Basisporium gallarum 

and also Fusarium culmorum.ln single spore cultures perithecial 

production was rare. 

McCormick (5~) had observed that perithecial development in 

Thielavia basicola was greatly stimulated when cultures together 

with ~ielaviopsis basicola.1t liLewise would be stimulated when 

grown together with Cladosporium fulvum,Aspergillu6 umbrosum. 

A.glaucus,Eurotium amsteoldami,and ~u.icladium pirinum. 

Schmitz (74) grew mixed cultures of four isolations of Fomes 

pinicola.He observed that intermixing took place between inocul­

ations of the same strain,but when two different strains were 

grown togethet they did not inter.mingle at all.and in these cases 

a clear line of demarcation was observed between the two colonies. 

Cook (19) made a study of the succession of fungi on culture 

media.He finds that either the character of the foad,or the possible 

formation of toxins checking growth of the first organism were 

the ~ost logical ~xplanations.the failure of the used medium to 

produce further growth of the primary organism may be due to lack 

of food,presence of toxic Bubstances,or to both. 

Porter (61) observed that in the association of fungi 

several degrees of inhibition may prevail.Any one of the following 

types may be found:mutual intermingling,growth of one organism 

over the other,slight inhibition,growth around the contending 
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organism,and inhibition at a consider~ble distance. In most cases 

the inhi bi tion or influence of one organi srn over another wa.S 

often marked by a change in physiological and morphological 

characteristics. 

Rege Y'(65) showed that Acremoniella sp .• did not show any 

activi ty on calluloae material and Aspergillus sp. _.took a fort­

night to stzrt,while Coprinus sp.gave slow decomposition.Comb­

ination of these organisms in pairs gave better or more rapid 

cellulose decomposition,while where all three were associated 

best cellulose decomposition occurred. 

killard and Taylor (SO) showed that the addition of green 

manure caused a great increase in the nl~ber of Actinomycetes 

in the;. soil, but the fast-gro",-iing saprophytic forms managed to 

increase more rapidly and so the parasitic forms may be tempor­

arily or permanently starved out. 

Adams (1) observed that Darluca fil~ parasitized the aevia 

of Peridermium Peckii. When imrna ture frui ting structures were 

attacked,especially the aecia and pycnidia,they became destrmyed. 

Weston (8~) observed that "bunted" Little Joss wheat was 

also more susceptible to the attacks of the orange leaf rust, 

Puccinia glumarum.MOre detailed investigation showed that other 

varieties of wheat also showed the same rea~tionship between 

rust and smut. 

Camp (16) found that Penicillium. __ s~oloniferum_readily 

attacked lemons and oranges which had been partially rotted by 

other fungi. 

Millard and Beeley (57) found that there are several types 

of Actinimyces scabies on potato and mangel.Some of these were 

pathogens,others were not.When grown together in certain combin-
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ation;sometimes the typical scab developed,while in other comb~ 

inations no scab formed,even when the pur-e cultures of the 

organisms produced a definite lesion.He considers it to be a 

real case of suppression of pathogenicity due to association 

of a parasite and saprophyte. 

Other reports dealing with fungus association are available, 

but these being of a physiologival nature,will be mentioned in 

the accounts of the experiments which follow. 

Object of Work 

The purpose of this investigation is to study the association 

of certain phytopathogens on the host,and also to determine 

the physiological relationships of the associated organisms by 

cultural experiments. 

Preliminary Considerations 

The survey of storage rots brought out several problems 

dealing with the physiology of association.Among the most prominent 

of these were the following:cause of limitation of the number of 

pathogens in a rot;the reasons for the inhibition of growth of 

some of these organism when associated with other's; the reasons for 

the change in a rot type due to association of the causal organisms. 

the effect of the H-ion concentration on the associationjthe 

effect of spore number OT· each organism;and the effect of temperature 

Answering and clarifying the questions involved in the above 

problems requires a great expenditure of time and labor,especial~ 

if the number of organisms associated in a culture is more than 

two at a time.On account of the rapid increase in the complexity 

of the whole problem of association when many organisms were 
Btudied,the number of these studied in detail was limited to six. 
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As .phytopathogenic association was studied on the host as 

well as in artificial culture media,large supplies of both healthy 

and diseased specimens of fruit and vegetables were required. 

Three main groups of rots were studied,those of ~he apple,the 

onion,and the tomato;for in each of these groups the organisms 

concerned were able to cause a rot mnder similar conditions,and 

so c'·.)uld be compared readily in their effect on the host ,whether 

separate or in association. 

Vlhen diseased specilnens were needed for examination, only 

those which were partially rotted were selected. This was necessary 

in order to prevent n~edless isolation of saprophytes which grow 

on decaying plant tissues.The presence of the saprophytes probably 

had considerabl"e influence on the develmpment and physiological 

activities of the pathogens,but if the study of many pathogens 

and non-pathogens in a certain type of rot was undertaken,the 

resultant mass of data would be too complicated for clear 

comprehension.Therefore,specimens which were rotted slightly, 

and which yielded only one or two pathogens were selected. 

When healthy specimens were selected,they had to be of the 

same variety,the same degree of maturity,andcthe same size.As 

nearly all the experimental work dealt with "wound parasites",it 

was necessary that all the specilliens were as sound as possible. 

Small injuries to the epidermis often served as a means of 

entrance to contaminating organisms,and so during preliminary 

trials some specimens had to be discarded,for this necessarily 

interfered with preparation of data. Therefore apples which were 

used in the study of apple rots were all hand-picked,graded, 
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and belonged to the varieties I~cKintosh Red,Fameuse,and fuc~hon 

Y~'hi tee Similarly, three varieties of onions,Red Weathersfield, 

Yellow Globe,and Silverskin,were selected.All the onions were 

examined for traces of rota,or the production of sclerotia.inis 

examination was facilitated by the removal of the outer dry scales 

from the bulbs.Heck-rots were comparatively easily distinguished 

by the production of external sclerotia,but when the rots were 

due to bacterial action they were very difiicult to distinguish, 

unless very advanced. In the study of tomato rots,only one variety, 

Livingstone Globe,was used for experimental purposes. 

For the culture of fungi or bacteria,Richard's nutrient 

solution,or the same solution modified by the addition of two 

grams of "Difco" peptone per litre of the solution,were used. 

In future references in this paper,this Richard's-peptone nutrient 

solution will be known as Richard's modified solution.In this 

modified medium better growth of fungi and bacteria was obtained 

tllan in the unmodif .led Richard's nutrient solution, though the 

latter proved to be useful in the study of plant extracts on 

fungus and bacterial growth,for it contained only SUbstances of 

known composition. 

The solid media used i11cluded "Difco" potato-dextrose agar, 

made up ready for use by the addition of 40 grams of the prepared 

material to one liter of water,and autoclaving;and also nutrient 

gelatine.The gelatine was not used for extensive cultural 

experiments,but served as a means of identifying certain 

Penicillia found during the survey of rot-producing phytopathogen8~ 
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Methods: 

The Survey. 

During the survey mentioned above,the store-rooms of several 

concerns were examined fortnightly for the development of Etorage 

rots,and the rotted specimens w~at were selected were carried 

to the laboratory for isolation of the rot-producing organisms. 

During the course of~the survey the following fruits or vegetables 

were studied:cabbage,carrot,celery,potato,parsnip,onion,beet, 

tomato,and a.tjple.As mentioned above, in selecting the specimens, 

care was taken to obtain those vvhich were Dloderately rotted, 

so as to reduce to the minimum the number of saprophytic organ­

isms presentbin the rot.In the rotted tissues of the onion, 

yeasts were found to be relatively abundarlt,particularly members 

of the genus Schizosaccharomyces.On some specimens,the rot,in 

some measure,was assisted in its spread by nemata4es. 

Isolation: 

Isolations were made from rotted tissue by thefollowing 

methods. The surface of the decayed specimens was first washed 

tho~oughly with distilled water,and then the superficial portions 

of·~the rotted tissue were removed with a sterile .scalpel. 

Afterwards small pa~tions of the decayed material were transferred 

to solidified potato-dextrose agar in Petri dishes.After incubation 

for several days,the mycelium which grew out from the rotted 

tissue.':was used as a basis for ma .. king pure cultures of patho-

genic organisms.It was foundthat usually only one species of 

an organism occurred in the margin of the le~ionsthat occur 
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on the host,and this was usually responsible for the rot.If 

the inoculum was obtained from the margins of the lesion,after 

the superficial layers had been removed,the number of saprophytic 

organisms present in the inoculum was reduced to the minimum,and 

there was little difficulty in obtaining pure cultures of the 

desired organisms. 

In order to obtain pure cultures of various Schizomycetes, 

it was necessary to insert a sterile inoculating needle into 

the lesion,after due care had been taken to eliminate outside 

contamination,and then to transfer the inoculum to a tube of 

melted agar,which was well shaken~ and poured into a 

sterile Petri dish.When the numbers oforganisms in the agar 

Buspension are too great,the suspension should be diluted,so 

that single colonies can be isolated without difficulty after 

they have grown. The cultures were incubated at 20-24oC.for two 

or three days,after which period the bacterial,or yeast colonies 

were large enough for isolation purposes. 

The Preparation £f Culture Media 

Both Richard's nutrient solution and the modified form were 

prepared as follows. The required quantities of the components 

were weighed out and placed in a clean,distilled-water washea, 

Erlenmeyer flasks,and distilled water added according to the 

formula.The media were first heated for a sb-ort time to dleeQ-lve~~ 

the Bo~~d;-~terials ,and then the solution was filtered through 

an absorbent-cotton filter. This process of filtering removed the 

coarse precipitate which formed ~uring the process of heating. 

After fl1tering,the medium was autoclaved for 15 minutes at 

15 pounds pressure.A rapid cooling of the autoclaved medium ~ 
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is advocated,tor a slow cooling or a prolonged autoclaving tended 

to produce in the medium an undesirable,reddish-bro1vn color, 

which interfered with H-ion determinations made by t1le color­

imetric method. 

When it was necessary to distribute the medium in small 

quantities into culture flasks,50 0.0. portions were removed 

from the filtered medium and transferred to small,150 c.c., 

Erlenmeyer flasks. These flasks were all previously cleaned by 

the use of a cleaning solution composed of potassium dichromate 

(K2Cr207) and concentrated sulphuric acid (H2S04),and by washing 

with distilled water afterwards.A 50 o.c. pipette was admirablY 

suited for rapid distribut~on of the medium into the small 

flasks.The flasks were the~plugged with cotton and autoclaved 

as above. 

Hydrogen-ion Determinations. 

In the case of media already mentioned, little difficulty 

was found in making H-ion determinations.After repeated tests, 

it was foundthat there was very little change in acidity 

during the autoclaving process if the autoclaving was performed 

for the stated time and at the pressure recommended.An increase 

in length of time of autoclaving raised the acidity considerably. 

It was found that by folkowing this procedure,Richard's nutrient 

medium had a pH value of about 4.7~,while that of the modified 

medium usually was nearly 6.5 .Therefore,in the preparation of 

the media,in order to maintain a uniformity,the acidity in each 

case was corrected by adding N/10 potaisium hydroxide,or N/IO 

hydrochIoric acid solutions.The H-ion concentration standard 

used in all experiments requiring a uniformly acid medium was 

pH 6.5 • 
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All the H-ion determinations were made with the aid of 

a complete set of the EaMotte colorimetric standards,with a working 

range of H-ion concentrations from pH 1.2 to pH 10.0 .The readings 

were all made induplicate,acco~ding to the method advised by 

the manufacturers of the standards.A rapid determination of the 

H-ion content of the culture media was possible by this method 

which proved very valuable when many culture flasks were examined. 

The above media used in the experiments were comparatively 

well buffered,especially the modified Richard's solution.Here 

the peptone pr-oved a very efficient buffer. 

All H-ion deter.minations were made before or after the full 

oulture period. In most cultural experiments thisrperiod extended 

over ten days.It was found that,in general, there was a slight 

change in the H-ion concehtration of the prepared media, though 

in cultures the change in pH value of the medium was considerable. 

The general tendency in all flasks,except those containing 

cultures growing on a very acid medium,was to have an increase 

in acidity,whether the medium was inoculated or not. This increase 

in acidity of the medium was usually constant for all experiments. 

Preparation of ~lant Extracts: 

Only fresh, unheated plant juices were used in all experiments 

where the influence of such plant extracts on gro\vth was studied. 

The following procedure for the preparation of these extracts 

was employed. 

In the case of the preparation of extracts from apples or 

tomatoes, the fruit in each case was first washed in warm tap­

water,then in distilled water.After washing,the fruit was sliced 

and then ground to a pulp in a clean mortar. It was necessary to 
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add some clean,burnt,river sand,so that in grinding the plant 

cells were broken. The juice was then separated from the pulp 

by means of a fruit press,and prepared for use by filtering 

through a clean,sterile Berkefeld filter (size N) so that the 

bacteria,etc,were removed.The H-ion concentration of the juice 

was determined after some of the liquid had been removed by means 

of a sterile pipette.The juice so prepared was used undiluted 

in the experiments. 

When onion extract was prepared,the outer scales of the 

bulbs were removed,the dry neck and basal portions cut off,and 

the ral: bulbs washed.During the grinding of the pulp it was 

found necessary to add water to the puip,in order to facilitate 

grinding,and also to increase the amount of the juice. 

The plant extracts must be used at once for a rapid,enzymatic 

decomposition takes place. 1ne life of the plant juice may be 

prolonged if it is kept in cold storage,at about 4-8oCentigrade. 

In all experiments where these plant extracts were employed, 

Richard's nutrient solution was used,for being of a known 

composition,and not bringing in sources of error,any stimulus 

found in the growth of the organisms would be known to be due 

th the effects of the extracts alone,not to the medium itself. 

Preparation of the Inoculum 

Whenl-the effect of spore number in the inoculum on the 

association of phytopathogens was studied,it was necessary to 

know the approximate number of spores in a certain amount of 

inoculum. In a few cases sporulation was not abundant,so here the 

mycelium of the fungus had to be used for inoculation purposes. 

When the spores were produced in sufficient quantities,the 



-14-

following method was employed. 

Freely sporulating,pure cultures of the selected fungi were 

used. The cultures were grown on potato-dextrose agar in test­

tubes, so that the.r·puri ty of the cultures was easily maintained. 

In the preparation of the spore suspension,about 10 e.c, of 

sterile tap-water was poured into each tube,which was then shaken. 

In this manner a moderate suspension was obtained in each tube. 

To get a uniform suspension the mixture from each tube was poured 

into a large,sterile,cotton-plugged flask.This was then shaken 

well,so that the spores were Bet free from one another as much 

as possible. 

After the spore suspension had been prepared,the number of 

spores in a given quantity of the suspension was determined.From 

preliminary trials it was found that this number could be deter­

mined by microscopic examination. If a small droplet of the spore 

suspension was placed on a glass slide and covered with a cover­

slip,and examined under the high power iens of a microscope,the 

number of spores in a field could be counted. The average of the 

spore count from several fields could then be correlated with 

the number in a given quantity oft.t.he same suspension,as deter­

mined by the plating-out method.It is necessary to use the same 

quantity of the suspension,and the same lens,when making several 

examinations.To obtain a high degree of accuracy in the count, 

clean glass slides,and coverslips of the same wei~ht and size 

should be used.A small,wire loop is ad~quate for obtaining equal 

amounts of the suspension,if the loop is protected from change. 

A table was prepared,so that it was possible to read from it 

the number of spores found in one cubic centimeter of any sus­

pension if the nwnber derived from the average of several fields of 
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microscope was first deter.mined.lf another microsc~r:e or another 

loop were used,then the correlation table had to be made up 

anew.In order to protect the loop,it can be kept safely in a 

clean test-tube.To make the deter.minations more accurate,cQver-

slips of the samesize and weight should be used. This method 

described above was found to be rapid and accurate enough for 

all practical purposes. 

In making the spore sllspensions,the microscopic method was 

used to maintain uniformity in the number of spores used in 

the inoculum. Usually the most concentrated spore suspension used 

oontai~ed about 10,000 spores per cubic centimeter.Further 

dilutions could be made from this standard. 

Inoculation of the Host 

All inoculations were made in the same manner.The surface 

of the specimens being prepared for inoculation wasf:first washed 

with distilled water,and then wiped with a soft cloth saturated 

with a solution of corrosive sUblimate (HgC12),st~ngth 1-500. 
J The epider.mis was then puncture with a sterile scalpel and the 
It 

inoculum inserted into the wound. The inoculum was either in the 

form of spores or mycelium,and was obtained from a pure culture 

of the desired organism. Only one organism was used to inoculate 

a single wQund,but where association was studied,twQ organisms 

were placed in the same wound.The puncture was then sealed with 

melted paraffin.It was observed that this method of sealing did 

not interfere with the growth of the rot-producing fungi,and 

yet allowed the wound to remain free from outside contamination. 

Punctured and sealed checks showed that this method was very 

efficient.After sealing the wQunds,speoial precautions were 



-16-

unnecessary,for the wound did not open readily afteTVvards.The 

layer of paraffin also checked moisture evaporation,so that 

infection was more easily secured. 

Deter.minations of Amounts of Rot: 

In apple fruit it was possible to obtain nearly exact data 

concerning the amount of rot produced by a pathogen in a definite 

length of time.The lesions here were distinct,for the decayed 

tissue differed very much in character from healthy tissue.The 

The volume of the rotted tissue found on diseased speciniens 

could be determined by scraping out carefully each decayed port­

ion, and then finding the difference in volume of the sound apple 

and the same apple after rotting had taken place and the rotted 

tissue had been removed. 

In deter.mining volumes,the specimens were submerged in 

water,and the amount of water displaced was calculated. If a 

graduated vessel is used,the readings can be made directly,though 

for more accurate work it is best to fill a cylinder of known 

volume,with water,and then measure the overflow after the measured 

specimen had been immersed,by means of a finely graduated glass 

cylinder. 

A certain amount of shrinkage occurred in the apples daring 

the experiment,especially when the apples were placed in a 

high tempezature.To determine the amount of shrinkage,apples 

were punctured and sealed,but not inoculated,and placed at the 

same temperature as the inoculated apples.~he loss in volume 

was thffildetermined as before. 

To prevent the specimens from becoming mixed,the data,which 
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showed the volume of the specimen,kind of inoculum,date of inocul­

ation,etc.~were entered on a small tag attacked to the stem of 

each specimen. This tag remained on the specimen during the entire 

experiment and served as a ready means of identification of each 

type of rot. 

~ter.mination of the amount of rot was practically impossible 

with onions and tomatoes.In the former the amount of rot could 

not be exactly calculated as each ssale of the bulb was rotted 

to a different extent,most rot appearing in the outer sc~les,and 

the line of demarcation between the healthy and diseased tissue 

was indistinct.In the tomato the soft pulpy interior rendered it 

impossible to separate the healthy and diseased portions with 

an' accuracy. Therefore the extent of the rot had to be judged 

solely by the spread of the lesion on the surface,even though in 

the tomato the major part of the rot occurred inside the inner 

pulp. 

The Study of Ana-erobiosis; 

The purpose of this investigation was to obtain data concern­

ing the growth of rot-producing fungi in the absence of free­

oxygenjand therefore the cultures had to be kept as free from 

atmospheric oxygen as possible. 

Richard's modified solution was used for the culture of the 

fungi.To some tubes of the medium,after they have been autoclaved 

and cooled,small portions of raw,sterile,potato-tuber tissue 

were added,this being done in order to deter.mine if the peroxidase 

present in- the fresh tissue would enable fungi to grow in the 

absence of oxygen,&s was found with aerobic bacteria in the 

work of Thoytta and Avery (81). 
After the media were prepared,and the inoculum added,the 
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culture tubes were inserted into tubes larger than the first,which 

served as a means of maintaining anaerobic conditions. These were 

prepared by inserting into the tubes quantities of crystalline 

pytogallic acid which were held in the bottom of the tubes b~ 

plugs of absorbent cotton. Just before the culture tubes were 

inserted into the containers,about 5 c.c. of concentrated 

solution of caustic potash (KOH) were poured into the latter 

tubes.After the culture tubes were in,the containers were 

rendered air-tight by sealing with corks impregnated with 

melted paraffin.Thei-thbes were then placed in an upright position 

on a rack,and incubated at room temperature,20-24oC.,for about 

fourteen days or more. Observations on spore gernlination and 

growth were made daily,but final observations were not made until 

after the period of incubation had been completed.A more detailed 

account of the experiment will be given below. 

Experiments and Results: 

Results of the Survey of Some Vegetable and Fruit Rots. 

As mentioned above, special attention was given during the 

survey to rots of cabbage,carrot,celery,potato,parsnip,onion, 

apple and tomato.The rots of the last three plants were selected 

for detailed study.The experBal appearance of each diseased 

specimen was noted,the object being to discover the nature of 

the rot. This was defined by the texture,odour,formation of 

sclerotia,and discoloration of the tisBues. 

After the external examination was complete,the organisms 

found in the rot were isolated by removing small pertions of the 

decaying tissue and growing it on potato-dextrose agar,or where 
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it-was found that schizomycetes were present,by the dilution 

method. 

In obtaining the inoculum from the diseased bulbs of onion, 

it was sometimes difficult to cleanse the exterior of the bulbs 

on account of the fornlation of superficial sclerotia which caused 

the fusing together of some of the outer scales.Therefore,in 

this case, a number of the outer scales had to be removed to 

obtain inoculum from those parts of the lesion which were free 

from any external contamination. 

In many soft-rot ted vegetables, especially tho se @Ii tt.ing 

an offensive odour,numerous nematodes could be found. These were 

believed to be responsible for a rapid spread of saprophytic 

organisms through the rotted tissues.Yeasts were present in 

abundance wherever these nematodes were found. 

When the survey was complete,it was noted that comparatively 

few of the organisms were responsible for the rotting of their 

host.In most cases the association of parasite with saprophyte 

was the rule. The pathogenicity of each was tested by experiment. 

In Table I the fungi or other organisms are listed in 

groups according to the host on which they were found. In most 

cases a single parasite was associated with many saprophytes,while 

in others two or more parasites were found in the same lesion. 

In apples rotted by Penicillium expansum,no other genus of 

micro-organisms was found present.In specimens rotted by the 

"Pink Rot" fungus, Cepha19thecium roseum, the rot was cau sed by 

a primary infection by the Scab fungus,Venturia inaequalis,which 

was then followed by the Cephalothecium.Thie organism grew fast 
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and caused the specimen to become completely destroyed.The Brovm 

rot fungus,Sclerotina fructicola,was found on a few specimens, . 
this being partially due to the unfavourable temperature of the 

store-room.In such cases,a secondary infection by various Penicillia 

accompanied the Brown rot. 

In the cabbage the dominant rot was caused by Sclerotinia 

perplexa,the Botrytis stage being most in evidence.A moderate 

production of spores was observed,as well as a few small sclerotia. 

In a few specimens the rot was rendered watery due to invasion 

of saprophytic bacteria and yeasts.An abundant growth of Phycomyces 

sp. was observed sometimes,but it was strictly saprophytic in 

nature. 

In the carrot the predominating rot was caused by Sclerotinia 

sclerotiorum.Some of the rotted tissues were also invaded by 

Erwinia caratovora,but the low temperature of the store-rooms 

inhibited the growth of t~is pathogen considerably. Saprophytic 

bacteria and yeasts were also present in the lesions caused by 

the Sclerotinia,but these were not identified. 

In the potato the typical rot was caused by FUsarium sp. 

probably species oxysporum .In one or two cases Vertici~lium 

albo-atrum was found in the lesions.A considerable amount of 

rot caused by the Late Blight fungus,Phytophthora infestans,was 

also observed.Some saprophytic fungi,such as Rhizopus nigricans 

and various MUvors,were observed. 

In the onion,Botrytis allii was the predominating pathogen. 

Botrytis byssoidea and B.squamoea were also found on some of 

the decayed specimens,the latter fungus chiefly on the white 

skinned onions.Botrytis allii was responsible for at least 

seventy-five percent of the decayed bulbs.Yeasts and bacteria 
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were usually found to be present also,and sometimes ~thium 

debaryanum~was found as a saprophyte.It is not absolutely certain 

tilat Pythium of the species deharyanum was always present,probably 

other species of Pytnium were sometimes present,and were confused 

v:i th :pythium debarys.lnum. Spore production was not always observed 

and so it was sometimes difficult to determine the species vf the 

fungi found. 

In the parsnip Sclerotinia sclerotiorum caused a soft rot 

of the cortex of the root. Some saprophytic yeasts were also 

found in the lesions. 

In the tomato the dominant rot seemed to be caused by 

Botrytis sp.The rot was found usually in the fruit which had 

become fully grown but had not yet changed calor. The progress of 

the rot before or after t!lis stage was relatively slow. The "leaf 

mouldUfungus,Cladosporium fulvum,was someti1l1es found on the green 

fruit, but it was mostly superficial and did not cause a deep rot 

to develope.However,in some cases,the surface of the lesions 

was cracked due to the drying out of the tissues beneath,and then 

tl1ese cracks became infected by Botrytis s£~_at once,60 that the 

typical rot produced by the latter organism was soon developed. 

From the above survey,the writer decided that association of 

phytopathogens was of three types,as followsle 

(1) Vfuere associated organisms are seldom found,as in rots 

produced by Penicillium expansum. 

(2) Where pathogens can mix freely,as in the case of rots 

of the carrot, where Sclerotinia sclerotiorum and Erwinia caratovora 

can be found in the same lesion. 

(3) Where the parasite is usually followed by a saprophyte, 

as in the onion rote. 
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TABLE I. ORGA~TISMS FOU:]) 11\" SOKE VEGETABLE A1TD FRUIT ROTS. 

host. 

Apple 

Beet 

Cabbage 

Carrot 

Celery 

Onion. 

Parsnip 

Potato 

Tomato 

p8.1rasi t es. 

Sclerotinia f~ucticola 
Penicillium expansum 
Cephalothecium roseum 

Phoma betae 

Sclerotinia perplexa 

selerotinia sclerotiorum 
Erwinia caratovora 

Sclerotinia sclerotiorum 
Erwinia caratovora 

Botrytis allii 
Botrytis byssoidea 
Botryti S SObU8J1Losa 

Sclerotinia sclerotiorum 

Fusarium oxysporum (?) 
Verticilliunl albo-atrum 

Botrytis sp. 
Cladosporium fulvum 

saprophytes. 

None. 

.Schizosaccharomyces sp. 

Phycomyces sp. 
Schizosachharomyces sp. 
Bacteria. 

Schizosaccharomyces sp. 

None. 

Pythium debaryanum (?) 
Schizo saccharomyces sp. 
Bacteria. 

Schizosaccharomyces sp. 

Rhizopus nigricans. 

None. 



.. 23-

Association of Phytopathogens in Culture:, 

Zeller and Schmitz (98)grew many fungi in mixed culture and 

found that there was an inhibition of growth of one fungus due 

to the effect of the ~resence of another fungus,but in a few 

cases one colony grew over the other. Sometimes the overgrowing 

fungus was greatly stimulated.Two colonies of the same fungus 

generally intermixed.However,the findings in general show that 

the fungi in their growth show a marked tendency to grow away 

from the medium influenced by their own growth metabolism. There 

apparently was no connection between active acidity and growth. 

Schmi tz (7.4 )grew mixed cultures of four isola tions ofFomes 

pinicola.ln all cases the fungus mats from two inoculations of 

the same fungus mixed without inhibition.On the other hand,when 

plates were inoculated with two strains of the same fungus,the 

colonies did not intermingle, and a clear line of demarcation 

occurred between the two colonies. 

Cook(19)found that fungi succeed one another in a more or 

less regular order. 

Porter(64) found that the growth of fungi is checked when 

tW0 or more species are contiguous. Such inhibition .may be mutual 

or the growth of one individual may be hindered more than that 

of the other.He recognizes five types of inhibition,from mutual 

intermingling of both colonies to complete inhibition of growth 

at a considerable distance. 

Brown (15) discusses intermingling of colonies.According to 

his results two colonies will never meet if they produce staling 

substances toward one another.!f only one of these produces 

staling substances toward the second colony, this colony will 

become inhibited,while the first colony will continue its growth. 
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Where staling substances are produced there is no mutual inter­

hlingling of colonies. 

Davis(20) observed that colonies of Ophiobolus graminis 

did not intermingle to any extent. Where two colonies came to­

gether a line of dark-colored mycelium was formed and perithecia 

were for.med along this line.According to the results of Kirby, 

~he production of the ascogenous stage may be due to the inter­

mingling of plus and minus strains,or heterothallism. 

Practically all the experiments of the workers mentioned 

above were carried out on solid culture media.The writer,therefore, 

purppsely experimented with mixed cultures on solid as well as 

liquid nutrient media."Difco" potato-dextrose agar was used as 

the solid medium,and Richard's or modified Richard's liquid 

media as the nutrient solutions. 

The following fungi were chosen for the study of association 

of phytopathogens in culture;Penicillium expansum,Sclerotinia 

fructicola,Botrytis sp.(tomato),Cladosporium fulvum,Sclerotinia 

sclerotiorum,Botrytis allii,and a slow growing,undetermined fungus 

i sola ted frOlJ decaying carrots. The lSJt ter :fungus produced no 

spores whatsoever,but its mycelium was septate,The inoculations 

were so made that each fungus was grown in pure culture,and also 

was paired with each of the other fungi.All the cultures were 

made in duplicate. The main object of this preliminary experiment 

was to determine the effect of the association on the growth, 

sporulation,mycelial and sclerotial development,acid production, 

and to deter.mine which organism was dominant in the mixed culture 

where any inhibition occurred. 

The fungi used in the above experiment were grown on modified 

Richard's nutrient solution in small Erlenmeyer flasks of 150 o.c. 
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capacity.The flasks were made chemically clean,and into each was 

placed fifty cubic centimeters of the medium which was adjusted 

to pH 6.5.The cultures were then incubated at room temperature 

for ten days,observations being made daily.At the end of the 

experiment the Hydrogen-ion concentration was deter.mined for 

the medium in each flask,in order to deter.mine the change due to 

the growth of the fungi in culture. The data obtained from the 

above experiment are given in Table 11. 

The above results show that when fungi are grown in asso-

ciation,there is a tendency for some species to inhibit other 

species, the amount of dominance varying.The final Hydrogen-ion 

concentration of the medium after the ten-day growth of the 

oulture is a fair indication of the amount of dominance,for when 

almost complete dominance occurs,the Hydrogen-ion concentration 

is about the same as that of the pure culture of the dominant 

organism.Where the dominance of one organism is not complete,then 

the final acidity is at some point between the acidities of the 

two organisms grown in culture.In a few cases the fungi grew 

equally well in mixed culture as in pure culture. Sometimes a 

certain amount of stimulation to the growth of the. overgrowing 

organism was given by the association. 

Because there seemed to be such a difference in growth of 

fungi found in rots of different pla~t8 due to the association 

the writer perfor.med a similar experiment -to that given 
.4 

above,but this time using only fungi found on the same host.The 

fungi were all isolated from decaying carrot roots and included 

Erwlnia caratovora,Schizosaccharomyces sp.,three strains of 

Sclerotinia Bclerotiorum,and the unidentified fungus,number seven 

in Table II.Observations were made daily as before, but it was 
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noticed that in the case of the yeast and the bacterium the 

maximum growth was reached on the fourth day.The fungi kept on 

growing thToughout the whole ten-day period. 

The results of this experiment show that there is some 

dominance of fungi over bacteria in mixed culture, but in such 

cultures the growth of the fungi is materially lessened.However, 

the fungi were still able to grow_very well in cultures after 

the growth of the bacterium and yeast had ceased.No data were 

obtained concerning the growth of the bacterium or yeast on used 

medium following the growth of the fungi.However,it appears that 

the acidity of the used media would be too high to allow bacterial 

growth to take plaoe,for the limit of EYdrogen-ion concentration 

allowing the growth of bacteria is pH 4.0 • 

The results of the above experiment are given in tabular 

form in Table Ill. 

Effect of Plant Extracts on Association. 

It has been known for a number of years that vitamines,or 

"essential food factors",are necessary for the proper physiolog­

ical functioning of living matter. The chemical composition of 

these substances is not fully understood,but they appear to be 

classified according to their physiological functions. They are 

present in all living matter,and for a time in dried remains of 

such living matter,but they will not live indefinitely. 

TIle vvri ter--recently carried out a joint experiment in 

connection with soil bacteriology with the object of investigating 

the effect of some plant extracts on ~he growth of some Nitrogen­

fixing bacteria.Extra"cts from various plant materials were 

prepared as follows. Twenty-gram samples of several plant tissues 
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were ground up separately in hundred cubic centimeter lots ot 

water.The mixture was then heated to about seventy degrees Cent­

igrade for about one halt hour, being stirred at intervals. Then 

the decoction was filtered through a sterile Berkfeld filter in 

each case and kept in a sterile,cotton-plugged flask ready for 

use. 

Sterile As-hby's nitrogen-free nutrient medium was used for 

the culture of the organisms use4.This medium was distributed in 

ten cubic centimeter lots in clean test-tubes of equal size, 

and sterilized by autoclaving.When cool,a drop of a homogeneous 

suspension of either Azotobaoter chroococcum or Rhizobium 

radicicolum was placed in each culture tube,and varying amounts 

of the extracts added.The cultures were incubated at room 

temperature(20-24oC.) and observations made daily.After one day 

a distinct effect of the plant extract was noticed in the cultures 

and the final data were obtained after the fourth day. It was 

noticed that generally the turbidity of the culture increased 

with the increase in the amountof extract, showing that there 

had been a stimulus given to the growth of the organisms through 

its use. 

The different extracts did not stimulate growth in the same 

waY,nor was the amount of growth in each case proportional to the 

amount of extract added.The results of this experiment are shown 

in 17able IV. 

Itano (4.5) has shown that the ado-i tion of plant extracts 

may increase the power of Azotobacter to tix~atmospheric nitrogen 

so that sixteen milligrams of this element were fixed per gram 

of sugar consumed instead of two milligrams when no extract was 

added to the culture. 
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Duggar,Severy,and Schmitz (25) grew many fungi on plant 

decoctions,but their results show that while the decoctions 

were able to produce considerable fungus growth,the addition of 

sugar and ni trogen gave a tremendous increase in grovlth as 

compared to that which occurred on the plant decoctions alone. They, 

however,autoclaved their decoctions for one hour at fifteen 

pounds pressure,so that it is probable that they precipitated out 

from the solution a large number of soluble proteins which may 

have been very useful in promoting growth. 

Wildiers (88) found that he could not get normal growth of 

Saccharomyces cerevisiae in a synthetic medium if only small 

inoculations were made.Heavy inoculations resulted in an abund­

ant,normal growth of the organism.Biologists took no notice of 

his paper for a while, but at present most vlorkers believe that 

the Yeasts require vitamines for their growth metabolism. 

Linossier (49;) showed that without vitamines in the solution 

fungi were able to germinate sloytly and wi th diffi cuI ty, but after 

about six days the controls caught up with the stimulated cultures. 

Lumiere (52) denied any influence on the growth of fungi 

by this stimulus giving substance.The stimulus apparently was 

not due to a~ growth accessory substance,but to the addition of 

salts to poor,synthetic media.His experiments do not appear to 

be very conclusive,however. 

Willaman (91,) showed that Sclerotinia cinerea did not 

develope unless vitamines from some source were added to the 

medium.Willama.n found that the amount of vegetative growth was 

not in proportion to the juice added,as large amounts of the 

latter caused an inhibition in growth in the majority of cases. 
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A large number of vitamine extracts were tried,but only a few 

showed any tendenoy tm stimulate reproduction.The amount of 

sporulation was not necessarily proportional to the vegetative 

growth-. 

Sehelling (73) found that AspergilluB niger could develope 

without any food accessory substance,but stimulation to the 

growth and reproduction wa.egiven by the addition of small 

amounts of Vitamine B to the solution on which the fungus grew. 

The main stimulus oocurred during the first five hours after 

inoculation.She believes that it is probable that the stimulus 

is due to increased acidity of the medium,or that Vitamine B 

is catalytic in its action upon the growth of A.niger.The most 

probable reason for the stimulus is that there is an increased 

organic food supply through the addition of the vitamine,or that 

it acts as a stimulant in the sense that small amounts of toxic 

substances act as stimulants. 

Sanborn (70) observed that food accessory substances had 

a definite stimulative effect upon the physiological efftciency 

of Cellulomonas folia,a cellulose decomposing organism. These 

Bubstances were probably equivalent to Vitamine B.In a later 

paper(71) he describes the effect of the assooiation of Azotobacter 

chroococcum with C.folia and notes that there is a remarkable 

increase in the growth and physiological eff,ciency of the 

latter organism due to the association.He finds the same effect 

in the association of a.folia with several other micro-organisms. 

In a third paper (72),the same author reports that the decompos­

ing residuee of many plants produce food accessory substances 

which stimulate the activities of soil organisms that are able 

to utilize these plant residues. 
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The writer performed an experiment to see if food accessor,y 

substances,as described above,would also stimulate the growth 

of rot-producing fungi and bacteria. These substances were in the 

for.m of fresh plant extracts prepared by grinding washed and 

sliced apples or onions,and filtering the juice through a clean. 

sterile Berkefeld filter(size N) into a sterile flask.Autoclav­

ing of the extracts was avoided in o·rder to prevent the precip­

itation of the soluble proteins in the extract. 

The extracts were added to the medium (Richard's) at the 

rate of one drop to one cubic centimeter per flask containing 

fifty cubic centimeters of the medium. Spore suspensions of the 

organisms used was prepared,so that each cubic centimeter of the 

suspension contained approximately ten thousand spores,the spore 

suspensions being prepared according to the method described 

above.One cubic centimeter of the suspension was added to each 

flask. 

The effect of apple extract on the growth of Sclerotinia 

fructicola and Penicillium expansum was studied.These two fungi 

were grown either in pure cultures or in association,and the 

effect of the extract was observed in each case.The cultures 

were incubated at room temperature (20-24°0.) for ten days,and 

at the end of the period the growth of the mycelium in the flasks 

was charted in diagram form. These are shown in Figure I. 

Though daily observations were made,there appeared to be 

no stimulus.given to the growth of the fungi by the extract.Where 

Penicillium expansum was grown in culture with Sclerotina fructicola 

the latter organism was aLmost completely Buppressed,though it 

grew very well in the pure cultures,but in neither case was any 

increased growth observed. 
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Figure I.Showing the effect of the addition of apple extract 

on the growth of Penicillium expansUDl __ (P) ,and Sclerotinia 

fructicola (8) in pure cultures or in combination (P-S).No 

increased growth of either organism was observed. Incubations 

made 8 .. t 20-24 QC. 
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A similar experiment was carried outwith two organisms 

found associated in onion rots. One of these was a fungus,Botrytis 

allii,and the other a bacterium,Erwinia caratovora.T.he purpose 

of this experiment was to deter.mine the effect of onion extract 

on the growth of the above organism. Plant extracts were found to 

be able to stimulate the growth of Nitrogen-fixing bacteria,so 

the writer decided to see if a similar result could be obtained 

in this case.The fungus,B.allii,could be used as a check on the 

results obtained from the experiment dealing with the effect of 

apple extract on the growth of apple-rot fungi,such as mentioned 

above. 

The suspension of spores of the fungus was prepared as above, 

but the preparation of a definite bacterial suspension was a 

more difficult matter.lt was found by preliminary experiment that 

the number of organisms per given volume of bacterial suspension 

was from ten to fifteen times the number of spores in an equal 

volume of the suspension of the fungus which showed a turbidity 

equal,or nearly equal,to that of the bacterial suspension. Though 

the numbers of bacteria could be judged only approximately by 

this method,it was the most rapid one,for the microscopic method 

used for the deter.mination of the numbers of fungus spores was 

useless in this case. Therefore the suspension of bacteria had to 

be diluted about ten times in order to equalize the number of 

spores present in the inocula used in the experiment. 

Inoculations were made as in the experiment with the apple­

rotting fungi,and the same cultural conditions were used.However, 

it was found to be impractical to leave the bacterial cultures 
was 

for the full ten days as done with the fungus cultures.The effect 
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of the extract was most noticeable on the third or fourth day 

after inoculation in these bacterial cultures;and it was found 

that after this period the amount of growth in all the flasks 

became more nearly equal. 

In making an estimate of the amount of growth in the flasks, 

it was found that there did not appear to be enough difference 

in the fungus cultures to warrant the conclusion that onion 

ext~act as prepared above had any influence on the growth of 

Botrytis allii.However,the obvious increase in growth in the 

bacterial cultures could be measured,and the procedure employed 

was as follows. 

The medium in the flasks containing the pure and mixed 

cultures were well shaken for a short time in order to make the 

suspension of cella in the medium as homogeneous as possible. 

The media containing the bacterial cultures were then mixed so 

that the duplicate cultures were combined;and well shaken after. 

One drop of this suspension was then removed with a sterile 

pipette and transferred to a flask containing one hundred cubic 

centimeters of sterile tap-water. This mixture was well shaken,and 

then one cubic centimeter of this dilute suspension-was plated 
I 

out wit~pproximatelY ten cubic centimeters of potato-dextrose 
I 

agar in sterile Petri dishes.After incubation at room temperature 

for three days the colonies on the surface of the agar were counted 

and the number used as an index of the effect of the onion extract. 

The results are shown in Figure I1 and Table V. 

It was noted that while the onion extract stimulated all 

the cultures of Erwinia caratovora,whether in pure culture or in 

combination withBotrytis allii.j~t the growth was greater in the 

pure c~re6 than in the mixed.Apparently only small amounts of 
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the extract were necessary to bring about a definite stimulus. 

From the above experiments,although they are of a preliminary 

nature,it is found,in agreement with other workers. that there 

is little or no visible effect o~ the plant extract on the growth 

of fungi,although such effect has been observed in bacterial 

cultures.It is pOBsible,however,that a proper technique has not 

been devised,so that any stimulative effect of plant extracts on 

fungus growth cannot be demonstrated. 

The Influence of Temperature on Growth and Association of Some 

Phytopathosena in Artificial Media. 

An attempt has been made to deter.mine the influence of 

temperature on the development and association of some rot­

producing organisms.It has been observed during the survey of 

rots in storage that apples kept at low temperatures were more 

liable to be rotted by Penicillium expansum than by aqy other 

fungus,while Sclerotinia fructicola.rotted apples more readily 

when they were kept at a higher temperature than fifteen degrees 

Centigrade.Apples kept at room temperature were about equally 

susceptible to the attacks of both organisms,but the. rot caused 

by S.fructioola progressed· much faster than the other. Therefore, 

it was thought that temperature could have a considerable influence 

on the association of these fungi,and so the study of the effect 

of temperature on the growth of the apple),onton*.nd tomato, rotting 

fungi was undertaken. 

Ames (2) has noted that in refrigerating experiments,temper­

tures near the freezing point of water must be maintained if 

the development of rot-producing fungi ie to be avoided.Ger.min­

ation of spores occurred even at this temperature,but growth was 
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TABLE V. 

EFFECT OF Ol~ION EXTRACT ON T~ill GROTvVTlI OF ERWI1;IA CARATOVORA 

amount of schizomycete in schizo~ycete plus fung us @ 
extract iJer pure culture @@ 

50 cc. of ~ -
, . plate: plate 2 Average plate 1 mea.l.um 

L . 
... 

no extract 1376 1520 1448 Ib20 

one drop 2800 2480 2660 1574 

two drops 4560 4738 4649 1728 

three n 4640 4380 4510 2080 

four " 4416 4190 4303 3520 

five tt 7280 6450 6853 5600 

1 2 cc. 3360 3940 3650 2848 

one cc. 4885 5286 5085 1448 

@ Erwinia caratovora growing together with Botrytis sp. 

@@ Er\vinia cara tovora alone in pure cuI tll.re. 

--
plate 2 Avel-'sJg 

.. --. .... 

8~O 1180 

912 1243 

1·~80 1604 

1840 1960 

3040 3280 

5428 5514 

2752 2800 

1680 1564 

Note:- The lesser nUlnbers of bacteria in the cultures vlhich include the 

fungus may be due to increased acidity of the medium beyond the 

point of tolerance of the bacteriunl to the acid. 

e 
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FIGURE II. THE J[F'f'ECT OF ONION EXTRACT ON GROVrrH OF ERWINIA 

CARATOVORA. 
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very slow.Growth ls possibl.e at a lower temperature than that 

which is the minimum for spore germination,so if germination 

was prevented no rotting took place. 
rh 

Brooks and Cooley (11) found that peaches inoculated with 
/\ 

two stone-fruit rotting fungi,Monilia fructigena.~nd Rhiz0l'us 

nigriCan~more growth occurred than on potato-dextrose agar at 

the same temperature.Likewise -the fUllgi were able to grow at 

a lower temperature on ripe fruit than on green fruit.Storing 

at ten degrees Centigrade immediately after inoculation pre­

vented the rots of these fungi from developing, for at least 

five days after the r~had developed on fruit which had been 

kept in storage for one day at twenty-five degrees Centigrade 

before placing in storage at the former temperature. 

The writer studied the effect of temperature on the devel-

opment and association of fungi in the following manner. Three 

distinct and widely separated temperatures were used;one,a 

relatively high temperature,30-340C;the second, room temperature, 

20-240 C.;and a third,store-room temperature,4-8oC.Six different 

funSi were used,and grown together in pairs as follows,Botrytis 

allii and Botrytis byssoidea,Botrytis s~~and Cladosporium fulvum, 

Penicillium expansum and Sclerotinia fructicol~.Each pair of 

organisms caused rots of a different plant,the onion,tomato, 

and apple respectively.In each case the fungi were grown on 

potato-dextrose agar in Petri plates,or in small Erlenmeyer 

flasks of 150 cc.capacity,each containing 50 o.c. of Richard's 

modified nutrient solution.The inoculum was added in the for.m 

of spores,where they were available in sufficiently large numbers, 

or small squares of mycelium on agar.Approxinately 10,000 spores 



-43-

were used in the inoculation of each flask.Where the fungi were 

grown on potato-dextrose agar in Petri plates, the inoculum was 

placed in the center of the dish,in the case of pure cultures, 

or near the edge on opposite sides where the fungi were grown 

in pairs on the same plate.The cultures were incubated at the 

three temperatures for ten days,after which final observations 

were made. 

In the apple-rotting fungi, Sclerotinia fructicola_~_~as found 

to grow best at 30-34oC.and 20-24oC.,slightly better in the 

latter, but very slowly at the cold-storage temperature,4-SoC. 

At the highest temperature the mycelium was closely appressed 

to the surface of the medium. Sporulation was moderate at this 

temperature,but the spores were found to be unable to survive 

for more than four days after formation,for in most cases, after 

this period they were found to be collapsed.No zonation was 

visible in the colonies growing ott potato-dextrose agar.At 20-

24 0 C. sporulation was abundant, spores were viable for a long 

time,and zonation was distinct.At 4-SoC.growth was very slow, 

for germination is retarded.Practically no spores are produced 

at this tempera-ture. 

Penicillium expansum grew best at 20-24oC.S~orulation and 

zonationt:bundant and distinct.At 30-34oC.growth was very slow, 
#' 

sporulation less abundant,no zonation;and a reddish-brown pigment 

diffused into the medium around the colony.No pigment was formed 

at the other temperatures used.At 4-80 Cf ger.minat1on of spores 

was noticeably retarded, but the growth afterwards was slightly 

more rapid than at 30-34°0. 

In mixed cultures there was a distinct retardation in growth 
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of each fungus as the colonies approached each other on the solid 

medium in Petri plates,no matter at what temperature they were 

growing.Otherwise,sporulation,growth,and zonation were exactly 

the same in mixed cultures as in pure cultures.The relative 

amounts of growth varied considerably with the differences in 

temperature,for at 30-34oC.Sclerotinia fructicola.occupfied most 

of the surface of the medium.At 20-240 C. growth of both fungi 

was rapid, but nearly equal.At 4-80 C. gro\~"-th was retarded, but very 

nearly equal, even though Penici~lium expansu:-.-. was able to germ­

inate at least a day before the other. The relative growths of 

these fungi are shown in graphic form in Figures IlI,IV,and V. 

Somewhat similar results were obtained in tile cultural studi ea 

of the onion-rotting organisms Botrltis allii,~nd B.byssoidea. 

Bot;ytis allii_grew well at 30-34oC. or 20-24oC.,but at 

4-8@C.the growth was considerably retarded.Best growth was obtained 

at 20-24oC.Sporulation was abundant at both higher temperatures, 

but very" much reduced at the lower temperature.ln all cases the 

mycelial growth was appressed to the medium,not flocculent and 

raised as with Botrytis byssoidea. 

This latter organism grew best at 20-24oC.and considerably 

less at the two extremes of temperature.Growth was about equal 

at 30-34oC.as at 4-8oC.and at both these temperatures the growth 

exceeded that of Botrytis allii.Spore production was slight at 

all temperatures,but best at 30-34oC.At this latter temperature 

the mycelium was comparatively compact,not loose and flocculent 

as at the other temperatures.Ge~ination in cold storage occurred 

at least one day before that of Botrytis allli. 

In mixed cultures the growth of both fungi was approximately 
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similar to the growth obtained in the pure cultures of each 

fungus. There was no overgrowing of one fungus by the other,and 

the total area ocouppied by each fungus depended directly on 

the temperature.At 30-34oC.Botrytis allii occupied~ at least 

nine-tenths of the available surface of agar in a Petri plate, 

while B.byssoidea covered the remainder.At 20-24oC.B.by~sO~de~ 

covered about two-thirds of the medium,and B.allii one-third. 

At 4-80 C. complete over~rowth of the agar was not secured after 

ten days of growth,but Botrytis byssoidea .grew approximately 

four times as fast as Botrytis allii.The results are illustrated 

in graphic for.m in Figures VI,VII,and VIII. 

In the tomato-rotting organisms,Botrytis ap._and Cladospori~ 

fulvum,they differed considerably in the amount of growth,for 

in all cases the former grew faster taan the latter. There was 

a difference,however,in the rate of growth and sporulation of 

both fungi when grown at varying temperatures,whether in pure 

culture or in association. 

At 30-34oC.growth was abundant in both cases,butfhe Botrytis 

grew much faster than the Cladosporium,and so covered practically 

all of the surface of the medium.Abundant spore pro.duction was 

obtained with both fungi.The latter fungus grew almost the same 

at this temperature as at 20-240C.ln the case of Botrytis the 

growth was slightly less than at room temperature, but sporulation 

was greater. The mycelium showed a tendency to produoe small 

sclerotia much more rapidly than at the room temperature.A slight 

tendency towards the production of saltants was observed,the 

variation consisting of the formation of sectors of dark mycelium. 

At 20-24oC.growth of Botrytis ap. was greater than at the 

higher temperature.More aerial mycelium was formed,but comparatively 
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few spores.There was no pigment production by the mycelium. The 

growth of Cladosporium fulvum was slightly greater than at the 

higher temperature. 

At 4-8°0. growth of Botrytis ap. was comparatively slow.The 

mycelium was closely appressed to the medium.No spore or pigment 

production was observed. Cladosporium fulvum was retarded consid­

erably in ger.mination,Bo that the colonies did not become visible 

until after four days had e~apsed from the time of inoculation. 

The results of the above experiment are given in graphic 

form in Figures IX,X,and XI. 

Association of phytopathogens at varying temperatures was 

best illustrated when the above pathogens were cultured on 

liquid media.Richardts modified solution was used,distributed as 

in other experiments, that is fifty cubic centimeters of the 

medium,adjusted to pH 6.5,per small flas~e flasks were divided 

into three series,each series being placed at a different temp-

erature and consisting of a duplicate set of culture flasks 

inoculated as follows. 

As in this experiment it was possible to combine two separate 

experiments, one dealing with the effect of temperature,and the 

other with spore number,on association.A double series of data 

could be obtained from the same experiment.A more detailed account 

of the method of preparing the inoculum will be given later. 

However,it was found that in general the results agreed very 

well with those obtained from the preceeding experiment,where the 

fungi were grown on potato-dextrose agar instead of the liquid 

m~i~. 

At 30-340C. Penicillium ex~n8um grew poorly, but the other 
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organism grew very well. Sporulation was decreased in each case. 

In mixed cultures it was found that when at 20-24 oC. there was 

a tendency for the former organism to grow well and suppress the 

growth of the latter. even though the spore numbers were equal,at 

30-34oC.the latter organism was able to grow more effectively in 

the mixed cultures,even though the conoenctration of Penicillium 

spores may have been greater than in the first case when the limit 

for the growth of Sclerotinia fructicol~ was reached.It is plainly 

a case where the high temperature had decreased the physiological 

acti vi ti es of the inhi bi ting organi sm, and. had allowed_ the other 

to grow better at a temperature to which it was tolerant. 

o At 20-24 C.,both Penic~~11ium ex~ansum and Sclerotinia fructicola 

grew well. Sporulation of the latter fungus was cons~.derably less 

than that obtained from the culture on potato-dextrose agar.In 

mixed cultures,there was a distinct tendency for the former 

organism to suppress the growth of the latter, unless the spore 

number of the latter was considerably in excess of the number of 

spores in the former.A more detailed account of this tendency to 

inhibit growth will be given below. 

At 4-8oC.,there was practically no growth of Sclerotinia, 

while Penicillium grew very slowly. In mixed cultures Penicillium 

expansum grew well at all spore concentrations,due to its resistance 

to the low temperature,alnd aleo to the inability of .§..c .. !.erotinia 

fructicola to grow under the same conditions. 

The effect of temperature on the association of the above 

fungi is shO·Nn in chart form in Figure XII. 

In the case of the onion-rotting fungi,Botrytis allii and 

Botryt i 5 l?ysso~dea, th~re -was ./no ~~supp.tess·ion; -at ~.an·y .::~sp·ore 

Cdnc.entrati:On~ 
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FIGURE XII, (a).Growth of Penicillium expanstml (P)a,no. Scler­
otinia fructicola(S) in pure culture and in association at 
30-34 0C.Heavy sha,cling shows colonies of P.expansum,light 
shading colonies of S.~ructicola,except in cultures where 
F. expansum alone is:- ·present ,where it indi ca tes submerged 
colonies of this fungus. The figures at the sides indicate ~ 
the dilution of the standard spore suspension containing 
10,000 spores per cubic centimeter. 
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spore 
sus~ension contained 10,000 spores per cubic centimeter.The figures 
indicate the amount of dilution of this standard suspension. 
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FIGURE XII.(c)Growth of Penicillium expansum. (F),and 
Solerotinia frueticola (S) in pure cultures and in association 
at 4-SoC.HeavY shading shows colonies of P.expansum .No 
growth of B.fructicola.Figures on sides indicate spore 
concentration of each fungus. 
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At 30-34oC. growth of both fungi was abundant.Botrytis allii 

predominaJted in the mixed. culture, but the other was not completely 

suppressed. The predominance of the former o'rganism appeared to be 

due chiefly to the high temperature,as was observed when the same 

fungi were grown on potato-dextrose agar. There was less growth of 

both organisms in the mixed culture than in pure culture, but the 

total growth in bott. cases was about the same. 

o At 20-24 C. growth of both organisms was good. Sporulation 

was abundant in Botrytis allii,but slight in Botrytis byssoidea. 

Some sclerotia were formed on the surface of the medium.In 

association growth was abundant for both fungi,but not as .much 

as when the fungi were grown in pure culture.No suppression of 

either organism occurred. 

At 4-SoC. growth was much reduced in both fungi,either in 

pure or mixed culture. In the mixed cultures,however,Botrytis 

byssoidea predominated in all the flasks. 

In the case of the tomato-rotting fungi,Botrytis sp.and 

Cladosporium fulvum,it was found that the former organism grew 

well at low temperatures,while the latter grew best at high 

temperatures.The results concerning the growth at each temperature 

are given below. 

At 30-34oC. the growth of both organisms was somewhat lass 

than that produced at 20-24 oC. BotEYtis sp.appeared to be more 

inhibited at this high temperature than Cladosporium fulvum, 

which spo.rulated freely and grew well. The fonner organism did. 

not sporulate much, but more so than at any other tempera~ture used. 

In combination the former organism was completely suppressed 
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where the spore concentration was high,and the suppression was 

more complete than at 20-24oC.The cultures at this temperature 

are shown in graphic form in Figure XIII (a). 

At 20-24oC.both fungi grew very welL.Abundant mycelial 

growth and spore production was found in all cultures~of Clado­

sporium fulvum,while abundant myeelial growth, but a1most no 

spores were found in the case of Bot;ytis sp.Suppression of 

the latter organism only occurred where the spore concentration 

of the forlner organism was at the maximum. 

At 4-8oC.Botrytis s~.grew moderately well,but no spores 

were produced.Cladosporium fulvumdid not grow very well,due to 

the effect of low temperature.In mixed cultures the for.mer 

organism predominated,but the latter fungus appeared only in 

the cUUures containing the maximum number o£ spores in the 

inoculum.The cultures are shown in graphic for.m in Figure XIII(c). 

From the above results the writer concluded that the 

temperature at which the above pathogenic fungi grew,was a 

dominant factor which deter.mined the amount of growth of each 

funguB,for each definite temperature,and also determined which 

fungus appeared to grow best when the fungi were grown in 

combination.As was found in later experiments, the tempe·ra ture 

variation produced the same changes in the development of the 

above fungi in their host as in artificial culture , and the 

temperature at which the host plants were stored largely deter­

mined which fungus was responsible for the rot. 

The Influence of the Amount of Inoculum on Association. 

During prelimdnary investigations on association between 

Sclerotinia fructicola and Penicillium expansum,it was observed 
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FIGURE XIII (a).Growth of Botrltis s~.and C~adosporium fulvum (C) 
in pure culture and in association at 30-34 a.Heavy shading . 
represents growth of Cladosporium fulvum,light shading that 
of Botrytis sp.The figures on the side indicate spore co cent­
ration of tha for.mer organism (C). The amount of Botrytis 
~noculum was the same throughout. The standard spore susp~nsion 

was used. The rigures indicate the amount of dilution of this 
suspension. 
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FIGURE XIII(b).Growth of Botrrtis sp.and Cladosporium fulvum, 
in pure cultures and in association,at 20~24oC.Heavy shading 
represents growth of Cladosporium fulvum (c) ,light shading 
that of Botrytis sp.(B).The figures at the side indicate the 
spore concentration of the former (C) organism. The amount at! 

BotrJ tis inoculum was the same in each case. 
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FIGURE XIII(c).Growth of Botrytis s;e. and Cladosporium fulvum, 
in pure culture and in association,at 4-SoC.Heavy shading . 
indicates growth of Cladosporium fulvum (C),light shading 
growth of Botrytis BP.(B).The figures at the side indicate the 
concentration of spores of the former (0) organism.The amount 

of the Botrytis inoculum was the same in each case. 
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that when equal numbers of spores of some fungi were used to 

inoculate mixed cultures of these fungi,there was a tendency 

for some of these fungi to suppress the others. This was noticed 

particularly in the association of Penicillium expansum with 

Sclerotinia rructicola.The writer,having in mind the possible 

influence of spore number on the presence or absence of a fungus 

in a rot,investigated the problem,and after dealing with several 

fungi, came to the conclusion that the amount of inoculum had 

a direct influence on presence or absence of organism • an 1n 

culture. 

The cultures of the various fungi were all grown on Richard's 

modified nutrient medium adjusted to pH 6.Q and placed in 

fifty cubic centimeter lots in small Erlenmeyer flasks.me 

media were then autoclaved and after cooling inOCUlations were 

made as follows. 

A heavY suspension of spores,where they were formed,of the 

difrerent fungi was prepared. These spores were suspended in 

sterile tap-water,and diluted according to need.The standard 

suspension of spores contained about 10,000 spores per cubic 

centimeter of the. suspension,and the dl1uti9ns made .from this 

standard suspension contained approximately 200,50,20,and 10 

spores per cubic centimeter.All five spore concentrations were 

used in making the inoculations. 

When inOCUlation was perfor.med,flasks of media were inoculated 

with each suspension to deter.mine the amount of growth produced 

from the varying number of spores in the inoculum. One cubic 

centimeter of suspension was used in making the inoculation.In 

the case of mixed cultures only half the amount of each suspension 
) 

was used, so that the total number of spores in all cases would :(_~~'J 



-66-

approximately the same.In making the inocUl~t1ons in the mixed 

oultures,the highest ooncentration of spores of one organism 

was mixed with the lowest concentration of spores of the second 

fungus,and the further inoculationg~~raduallY decreasing numbers 

of spores of the first fungus,while the number of the second was 

increasing,until finally the least ooncentrated spore suspension 

of the first was mixed with the most concentrated suspension 

of the second fungus. 

After inoculations were complete,the three series of cultures 
v}''i / 

were PlacedAthree different temperatures;incubator temperature, 

30-340 C.;room temperature,20-24oC.;and cold storage temperature, 

4-8oC.The cultures were kept at these temperatures for ten days, 

after which the amount of growth was charted as shown in Figures 

XII,XIII,and XIV. The observations made were as follows. 

At 30-34oC.abundant growth was found in all cultures,except 

in the pure cultures where spore concentration was low.EvidentlY 

the high temperature did not allow the fungi to form large 

colonies,as shown by the mycelial development in these latter 

cultures.In all the Other cultures the surface of the medium VIas 

largely occuppied by the colonies, which though small,were numerous. 

In the apple-rotting fungi,Penicillium expansum .. and Sclerotinia 

fructicola,sporulation was noticeably lessened in the latter,and 

only slightly reduced in the former.It was found that at this 

temperature the latter fungus was suppressed by the forhler unless 

the spore concentration was greater than 1-500,or 20 spores per 

cubic centimeter of the inoculum. 

At 20-24oC.growth was better in all cultures than above. 

GrDwth and sporulation was best where the fungi were grown in 

pure culture.The colonies were larger than above.However,in the 
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mixed cultures of the above apple-rotting fungi, complete supp­

ression of Sclerot1nia fructicola occurred unless the spore 

concentration exceeded 1-200 or 50 spores per cubic centimeter 

of the inoculum.Where the spore concentration of the above 

fungus exceeded the above limit,abundant growth occurred;but 

it was foundthat Penicillium expansum.~a8 also able to grow well 

in these cultures,even though the Sclerotinia predominated.The 

results are shown in diagrammatic for.m in Figure XII (b). 

At 4-8oC.Sclerotinia fructicola.did not grow very well,even 

after the ten-day period of growth used in these experiments,BO 

that the effect of the spore concentration could not be judged 

as it could be at the higher temperatures.However,in the mixed 

cultures,after the above period had elapsed,it was seen that 

Penicillium expansum had caused almost complete suppression of 

the other fungus at all spore concentrations.Results are shown 
in Figure XII (c). 

In order to deter.mine more accurately the effect of spore 

concentration on the growth of the above apple-rotting fungi, 

a more elaborate experiment was prepared. The apparatus used was 

similar to the one above, but the gradation in spore concentra­

tions was more gradual. The range of spore numbers va'ried from 

10,000 to lO,in the following series,lO,OOO;1,OOO;500,250,125, 

62,33,20,and lO.In the mixed cultures the combinations of the 

different spore suspensions of the two fungi were ·made as above, 

but the temperature used was 20-249C. only.The cultures were 

grown at this temperature for ten days,after which the growth 

of the fungus colonies was charted as shown in FigureXIV. 

The results obtained were aLmost similar to the results 

shown in Figure XII (b).Where the spores of Penicillium eXEanaum 
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exceeded the number of spores of Sclerotinia fructicola complete ------... ,. --.-

suppression of the latter organism occurred.Where the number of 

spores of the latter organism was greater than that of the former, 

then the latter fungus was able to appear in the mixed culture. 

~e Penicillium appeared likewise and grew almost as well 

as in pure culture,though at a slower pace. 

In the onion-rotting fUngi,Botrytis allii and Botrytis 

byssoide~,it was impossible to obtain spores of the latter fungus 

in sufficient quantities to be used for inoculation purposes 

in culture~such as in the case of the apple-rotting fungi 

mentioned above.However,in previous and subsequent experiments, 

where various amounts of inoculum was used,it had been observed 

that the two fungi exhibited a distinct tolerance for each other 

when in mixed cultures,even though sometimes the amount of 

inoculum of one exceeded the otl1er considerably. There was never 

any definite suppression of either organism in mixed culture, 

unless the temperature was distinctly unfavourable to the growth 

of one of tllem. 

With two tomato-rotting fungi,Cladosporium fulvum and 

Botrytis SE. somewhat similar results were obtained as in the 

case of the apple-rotting fungi.An abundance of spores was formed 

by the former organism,so no difficulty was encountered in 

making the various spore suspensions.In the latter organism the 

number of spores formed was considerably less,so instead of 

using the sp~res,thereby increasing the need for a larger number 

of pure cultures of the organism and likewise increasing the 

danger of contari1j:mation when the suspensions were made, the wri ter 
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decided to use the mycelium of Botrytis sp. in making the ino­

culations,usip.g;~ equal quantities of mycelium for each flask. 

Therefore,in Cladosporium only,the number of spores in the inoculum 

was varied. 

Three identical series of cultures of the above fungi were 

prepared. They were placed at the three different tenlperature~ 

used in the study of temperature relationships of the apple­

rotting fungi.After ten days the cultures were examined,and the 

growth of the colonies charted. The results are shown in chart 

form in Figure XIII. 

At 30-34oC. both fungi grew well,but sporulation was reduced. 

Cladosporium £~lvum formed fewer spores than at lower temperatures, 

but Botrytis ~. produced more spores in some cultures,and less in 

others.As shown in Figure XIII (a) ,the growth of the latter fungus 

was suppressed altogether in the mixee cultures where the two 

highest concentrations of the associated fungus were found.ln other 

mixed cultures both organisms were able to grow well. 

At 20-24oC. abundant growth of both fungi occurred in pure 

culture.Both grew better than at the higher temperature,though 

spore production was greater in Cladosporium and slightly less 

in Botrytis.ln mixed cultures the growth of Botrytis sp.was found 

suppressed by the highest spore concentration of Cladosporium 

fulvum only.The growth of the latter fungus was somewhat greater 

in proportion as the spore number of the associated organism 
o was decreased.Therefore;at 20-24 C. the growth of Botrytis sE-

appeared to be favoured more than at the higher temperature,as it 

was better able to overcome the inhibition caused by the greater 

amount of inoculum of' -the other fungus. 
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At 4-SoC. the growth of Qladosporium fulvum __ was very much 

reduced,and only a few spores were produced.Botrytis ap._grew 

moderately well,and in mixed cultures no inhibition of growth 

or suppression was suffered by it,no matter what the spore 

concentration of the other fungus happened to be.However,at this 

temperature,the Botrytis was able to show a detrimental influence 

on the growth of Cladosporium,for outside of the greatest spore 

concentration of the latter fungu5,in all other mixed cultures 

complete suppression of the latter organism was found. 

Therefore,from the above experinlents,it has been concluded 

that not only the spore concentration but also the temperature 

may determine the presence or absence of an organism in mixed 

cultures.All fungi do not possess the power to grow at similar 

ranges of temperature,for one will grow well at a temperature 

which is inhibitive to the growth of another .A fungus which 

may be completely suppressed at a certain temperature may be 

able to appear if the temperature is favourable to its growth, 

but not to the growth of the fungus which suppresses it. 

Similarly,the amount of inoculum has been shown to influence 

the appearance of a fungus in a mixed cUlture.It has been shown 

that in a case where one fungus is strongly inhibited by another 

fungus,as with Sclerotinia fructicola and Penicillium expans~, 

the former organism is suppressed completely only when the spore 
ed 

number of the latter exceed;the number of the former,or where 

the spore numbers are equal.At other spore concentrations the 

Sclerotinia i.s able to grow well for a tinle, but eventually is 

slowed down in its growth by the growth of the Penicillium.IB 

the tomato-rotting fungi,Cladosporium fulvum and Botrytis 6~., 
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FIGURE XIV. The effect of spore concentration of Penicillium 
expaneum (p) and Sclerotinia fructico l a _ (S) ,on growth and 
association. The figures at the sides indicate dilution of 
original suspension,which contained 10,000 spores per c.c. 
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the former also exhibits a tendency to suppress the latter, but 

can do so only when the amount of inoculum appears to be very 

much in excess of that of the associated organism.In the case of 

onion-rotting fungi,neither organism appears to be able- to 

inhibit the growth of the other,although more conclusive results 

can be obtained only by more detailed experiments. 

The Effect of Hydrogen-ion Concentration on Germination and Growth. 

A survey of the literature on the subject has revealed that 

a considerable amount of work has been done by previous workers 

on the relation between the H-ion concentration and spore 

ger.mination,fungus growth,and plant metabolism. The results of these 

workers have agreed in some respects but differed in others. This 

difference appears to be largely due to the fact that there was 

little uniformity in the methods,media,and organisms employed by 

these previous workers. 

Boyle (8) found that a certain Fusarium species caused a 

decrease in acidity when grown on Richard's medium.He found that 

in general,the amount of change in the H-ion concentration was 

relative to the amount of mycelium produced. 

Weber (85) found that Leptosphaera avenari~ was retarded in 

growth when grov/n on a mediunl whose H-ion concentra.tion was above 

pH 7.0 and below pH 3.8. Therefore,the best growth occurred in 

a slightly acid medium.Septoria tritici was retarded below pH 3.8 

and above pH 8.0. 

Johnson (46) found that temperature, ei tller helo'.~ or above 

room temperature,tended to shift the limiting pH value towards 

neutrality when the cultutes were grown on Czapek's nutrient 
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solution.He found that above room temperature it was very dif­

ficult to get exactly the same end point for pH relationships 

for a number of cultures with the same inoculum and the same 

nutrient solution.In some cases this end point was sharp,in 

others indefinite.In different media the total acidity due to 

a certain acid may vary greatly,but the pH values for the crit­

ical point of growth are usually the same. This shows t~t it is 

the Hydrogen-ion concentration that is a significant factor in 

such cases. 

Johnson also observed that the molds he worked with showed 

two widely separated optima with respect tQ the H-ion concent­

ration of the Czapek's solution,but he was not able to deter.mine 

this very accurately,since the poorly buffered solution he used 

changed in pH very rapidly.The optima were shown to be wide 

zones and somewhat on the 00 id side.AIl the maIds studied changed 

the reaction of the media in which they grew,the acid solutions 

becoming less acid in most cases, and the alkaline ones less 

alkaline. This has been found in manY organisms where the original 

reaction is somewhat removed from the neutral point, but the molds 

apparently will survive more acid and more alkali than other 

organisms,and so the magnitude of the changes produced were 

greater than would have been found for other organisms.The change 

is not necessarily towards an optimum. 

Scott (75) found that acid solutions became ~e8s acid with 

Fusarium lycopersici and alkaline solutions became less alkaline. 

He suggests the changes may be due to secretions of the fungus 

which reduce acidity,~nd where acid material such as carbonic 
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acid and organic acids are present. the changes may be due to the 

selective or unequal absorbtion of ions. Sporulation was limited 

to the more acid media. Growth occurred from~H 2.4 to pH 9.4 • 

Webb and Fellows (84) grew aphiobolus graminis_~n potato­

dextr-ose decoction and on potato-dextrose agar. They found that 

the range of pH values in the former extended from pH 3.6 to 

pH 7.7 ,while in the latter the range WetS from pH 3.2 to pH 10.3 • 

Two maxima were observed,one at pH 5.8 and the other at pH 9.6 • 

All cultures were grown at 24°0. 

· (89 ) i · Wh1te tested twenty-four strains of Fusarium lycopers cl.He 

found that the limits of pH values were from 3.1 to 10.4 ,this 

depending on the strain of fungus used.Two maximum points were 

observed, one at pH 4.6-5.5 ,while the second was about pH 7.0, 

this also depending on the strain used. 

Hopkins (41) found that Gibberella saubinetti would tolerate 

a wide range of acidity,from pH 2.5 to pH 8.4 and showed that 

there was a minimum in growth at pH 6.0 .This gave two maxima 

in the growth curwe.This same phenomenon was found in three series 

with striking similarity. 

Sideris (76) made an extensive study of the pH changes in-

duced by a species of Fusarium which he grew. When this fungus was 

grovm on different media and different pH values,he found that 

in some media there was a tendency to make some pH values greater 

and others less,so that there would be a constant final approx­

imate reaction.To this final pH value the term "isometabolic point" 

has been assigned.Sideris found this to be variable with differ-

ent media. In dextrose it was pH 3.8;in amygdalin,5.0;in peptone, 

8 plusjin potato-starch solutions,5.2;in pectin,6.4;in beef broth,7.4. 
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When the culture was grown with the original reaction near the 

isometabolic point there was very little change in the reaction. 

Sideris concludes that, (1) the different organisms mayor may not 

produce the same effect on the same or different med1a,(2) the 

tendency in the majority of cases is to increase the pH value of 

the culture medium containing available carbohydrates, and 

decreasing it in those media containing available proteins,and 

(3) the reactions produced in certain vegetable and-meat decoct­

ions depend to a considerable extent ~on the initial H-ion 

concentration ani the ratio of the available carbohydrate and 

protein in the particular decoction. 

Robbins (67 ) and hjs- co-workers have done work wi th wha-t 

they term the "isoelectric point" of plant tissues. They used one 

of the standard methods for the determination of~the isoelectrio 

points of proteins. 1hey placed pieces of plant tissue in a series 

of buffer solutions and then deter.mined the change in pH under­

gone by the buffer.The pH value of the buffer solution that re­

mained unchanged after a period of contact was called the i80-

electric point.For Fusarium lycoper8ic~ this was found to be 5.4 • 

Their explanation is that the fungus tissue behaves -like an 

amphoteric substance which can neutralize both acid and base, 

that is,assimilate both anions and cations,depending upon which 

is in excess.Hence the tissue seems to behave in a manner analogous 

to a protein. They offer this as an important point in the explan­

ations of the shift of pH values in cultures of fungi. 

Youden and Denny (97) believe the method used by ftobbins to 

be unsatisfactory as they can get the same shifts in' pH values 

from watery extracts of plant tissues which contain no colloids 

Whatever. 
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Webb (83) used Botrytis cinerea,_Aspegillus niger,Penicillium 

cyclopium,P.italicum,Puccinia graminis,Lenzites speciaria, 

Fusarium sp.and Colletotrichum gossypii_ in his st-udies.Germinat­

ion was found to be a process strikingly supported by conditions 

of active acidity. Usually relatively low ~ep..ui~e germination 

percentages were obtained with alkaline media. With Penicillium 

and Fusarium a second maximum occurred near the neutral zone.He 

found that while ger.mination may be favoured by high acidity, 

growthh may not, for the ger.m-tubes of Botrytis cinerea were 

found to disintegrate at pH 2.1 • 

~tsumato (56) found that RhizQctonia collected from widely 

separated geographical stations always produced acid,and the acid 

and growth were proportional. 

The writer observed somewhat similar results in his exper­

iments on the effect of the H-ion concentration on ger.mination 

and growth.The particular phases studied included, (1) the effect 

of the H-ion concentration on spore germination, (2) the effect 

on growth and association, (3) the study of the t'isometabolic 

point" of several rot-producing fungi,and(4) the effect of 

changing the used media by autoclaving,neutralizing[etc. 

In the study of the effect of the H-ion concentration on 

spore ger.mination,the following procedure was followed.Clean 

Van Tieghem cells were attached to clean,glass slides with melted 

paraffin.Glass cQver-slips,sufficiently large to cover the cell, 

were cleaned and flamed.~en a small droplet of the spore 

suspension used in this experiment,and containing about 8,000 

spores per cubic centimeter,was placed on the center of the 

cover-slip,and another drop,of sterile distilled water adjusted 

to the desired pH value,was added to the droplet of spore sus-
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pension.A drop of the distilled water was also placed in the 

bottom of the cell,in order to compensate for vapour pressure 

and evaporation from the droplet containing the spores.The 

cover-slips were then inverted over the cells and sealed to the 

edges of the cell with melted vaseline.The range of pH values 

used here was from pH 1.5 to pH 7.0.T.he inoculations were all 

made in triplicate.After the cells were ready,the entire series 

wars/placed under bell-jars.The hanging drops were the"examined 

at eight-hour intervals for two days,to mark the changes in 

germination. 

In the case of fungi which did not produce enough spores 

to use in making a large quantity of a unifor.m 5uspension,as 

in the case of Botrytis byssoidea,small amounts of mycelium were 

placed in the drops of water hanging from the cover-slips.ln 

this case the effect of the H-ion concentration could not be 
germination 

judged by sporeAcoun~s to deter.mine the amount of ger.mination, 

but the effect could be determined by measuring the growth of 

t~e mycelium from the inoculum. This was easily observed,for the 

growing mycelium radiated away from the inoculum.Vfuere spores 

were available, the alliount of germination could be determined.~or 

making these counts of germinated spores,the average of five 

fields,using the high power objective of a microscope,waa taken 

as the index of the germination for a particular time and the 

particular pH value of the medium in which the spores were germ-

inating.The data obtained are given in percent,where spores were 

available,or by means of a symbol where no spores were used.The 

symbols used to show the amount of growth are as follows;slight 

growth (+),fair growth (+i),:Goild :g~;Gwth ,("'++~t):,meail1~.;·growtl1.(""), 
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ver.y good growth ( •• 4~~),no growth (O).By following the above 

prooeduee the time of ger.mination as well as the amount could be 

deter.mined.All the cells were kept at room temperature,20-24oC. 

The first experin1ent performed was on the influence of 

the H-ion concentration on spore ger.mination in the two fungi. 

Penicillium expansum and Scleroti~ia fructicola.~wo media were 

used in this case, one being sterile distilled water,and the other 

Richard's modified nutrient solution,both adjusted to various 

pH values ranging from pH 1.5 to pH 6.5 .The results of the 

experiment are shown in Table VI. 

From data given in Table VI it is seen that there was a 

lesser percentage of spore ger.mination in the distilled water 

than in RiChard's modified solution.There was a distinct effect 

of acid on the germination in the hanging drops,for the count 

of the germinated spores revealed the fact that acidity not only 

can decrease the amount of germination but can also retard it 

when the ~-ion concentration is high enough. Penicillium expansum 

was better able to ger.minate with high acidity than Sclerotinia 

fructicola,in respect to both the amount of germination and 

the time.Genmination was best at pH 4.2 to 5.3 in the for.mer 

fungus,but slightly higher for the latter. 

A similar experiment was performed using the two fungi, 

Bot~tis allii and Botrytis byssoidea.The latter fungus did not 

produce enough spores which could be used in making an adequate 

suspension to be used in making the inoculations,so small portions 

of the mycelium had to be used instead.Therefore,in the latter 

fungus the amount of gro~'th is given by the use of the previously 

described symbols,but in B.allii the germination is given in 

ercentage. 
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TABLE VI. :EFFBCT OF H- ION COITCENTRATIOli ON SPORE GE~I}TATIOlf OF SOiL 

APPLE-ROTTING FUNGI. 

pH of 
media 

8 hours 

dist. Rich. 
water med. 

Penicillium expar~sum 

1.5 0 0 

2.0 0 0 

2.5 8 0 

3.3 0 30 

4.2 0 42 

4.9 0 25 

5.3 0 34-

5.9 0 2SJ 

6.5 0 24 

Sclerotinia fru·~ticola 

1.5 0 0 

2.0 0 0 

2.5 0 0 

3.3 0 6 

4.0 0 9 

4.9 ? 21 

5.3 20 34 

5.9 23 28 

6.5 18 23 

Percentage of spore germination 
at eight-hour intervals. 

16 hours 

dist. Rich. 
water med. 

0 0 

6 0 

27 0 

0 38 

0 52 

0 49 

9 63 

0 50 

0 42 

0 0 

0 0 

0 6 

14 32 

17 45 

29 31 

32 47 

31 36 

26 38 

24 hours 

dist. Rich. 
water med. 

0 0 

16 3 

29 8 

6 43 

16 56 

0 58 

28 69 

0 63 

0 48 

0 0 

0 0 

0 9 

19 45 

34 53 

44 57 

51 59 

42 49 

42 47 

32 h-ours 

cl i st. Ri ch • 
water med. 

0 0 

27 10 

33 15 

17 47 

25 58 

8 61 

33 73 

17 65 

38 55 

0 0 

0 0 

'3 15 

27 49 

48 58 

55 63 

62 62 

47 56 

45 67 
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TABLE VII. EFFECT OF H-IOIJ 

OF SOME OI'lIOIT-11C~~Hl:I1JG FU1IGI. 

Initial pH 
of Inediurn. 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

e 
~lrs • 

0 

0 

14 

7.t::.. 
v~ 

33 

29 

47 

35 

42 

38 

35 

37 

B.allii 
Percent 

spores germinated 
at 8-hour intervals 

16 
hrs. 

0 

0 

27 

44 

41 

34 

58 

51 

49 

45 

47 

52 

24 
hrs. 

0 

18 

48 

48 

49 

50 

61 

59 

62 

52 

58 

66 

0 

23 

63 

62 

53 

53 

67 

64 

73 

59 

67 

69 

8 
]1r s. 

0 

0 

0 

....... 

++ 

t .. 

++ 

+ 

++ 

++ 

""+ 

B. D~/ S 2oici.ea 
Groy/th 

o f ~ly-eel i ura 
at 8-~10Ul- i~ltCl'V: __ ~ls 

16 
.1.1.r s. 

0 

0 

+ 

.... + 

+++ 

.. -+++ 

...... + 

-t++ 

+++ 

+++ 

+++ 

+ ... + 

24-
11rs. 

0 

+ 

t+ 

... + ....... 

++++ 

++++ 

++t++ 

-++++ 

++++ 

-t++++ 

++++ 

++ ...... 

32 
hrs. 

0 

+ 

+++ 

i+++ 

.. +++ 

++++ 

+++++ 

+++++ 

+++.f.+ 

+++++ 

++++ 

+++++ 
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Conversely,the spores o~ S.fructicola were used to inoculate the 

flasks contai~ing the medium following the growth of P.expansum. 

With Botrytis sp. and Cladosporium fulvum the above cross inocul­

ation was also employed. 

The H-ion concentration was determined for each flask before 
um 

and after adding the staled media. It was found that the addition 

of the staled medium did not appreciably change the pH value. 

After inoculations were completed,the cultures were incubated 

at 20-24oC.for ten days.ObservatioBs were made daily,but the final 

data dealing with growth and H-ion comcentrations were not taken 

until after the end of the culture period.The results are shown 

in Table VIII. 

The results of the above experi~nt show that in every case 

there was a decrease in the amount of growth,when the flasks 

containing the cultures prepared by the above method were compared 

with the checks. There was a distinct change in the H-ion concent-

ration in all flasks,the change being towards the acid side.In 

all cases,except Botrytis sp.,the change was considerable. It was 

noted that the small quantities of the staled medium added to 

the different flasks were in some fungi able to cause a considerable 

inhibition of growth.It appeara,then,that some other sUbstance 

besides acid is able to limit the growth of some fungi,for the 

increase in acidity due to the addition of the staled medium 

was only slight,but the inhibition of growth was considerable.It 

appears that this toxic agent is a powerful one,for the inhibition 

of growth could p~~ have been due to neither acidity nor to lack 

of food materials in the medium. 

As small amounts of used media appear to have such a marked 

effect on the growth of some fungi,the writer decided to test 
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TABLE VIII. EFFECT OF S:MALL ALOIDTTS OF USED MEDIA ON GROV/TH OF SOllE FUNGI 

Fungus med.used p-H of pH of pH after amount 
medium used med.# 10 da.ys growth 

1 )flttxfjaUBUlIl"' \ich.med. 6.1(#) 3.1 t"~-t-' 

2)S.fructicola " " 6.1(#) 3.5 -+-t-\~~ 

3)Botrytis SP. n " 6.1(#) 3.7 "'1't-t~ 

4)C.fulvum " " 6.2(#) 4.2 t"'~~~ 

P. eXEansunl Rich.med. 
plus med. 
from (2) 6.0 3.5 3.05 .-+-'-t 

S.fructicola Rich.med. 
plus med. 
from (1) 6.0 3~.1 3.15 +~ 

Bot!Ztis SE· Rich.med. 
plus med_. 
from (4 ) 6.0 4.2 5.3 ~ -t -l--t-

C.fulvum Rich.med. 
plus med. 
from (3) 6.1 3.7 3.1 ++ 

#. These figures are derived from H-ion determinations of media on 

which the four fungi have grown. Into the cultures designated with 

the symbol (#) no staled medium have been added. 

of 
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the effect of the above staled media on spore ger.mi~~tion in 

certain fungi.As the media following the growth of Penicillium -
expansum and Botrytis sp.appeared to be most powerful in causing 

the reduction of growth of the oth"er fungi used in the above 

experiment,they were used in the study of spore ger.mination.The 

two fungi named above were grovm on Richar~s modified solution 

for ten days,when the mycelial mats completely covered the,;:-8urtace 

of the medium in the flasks.After this period,the staled media 

were filtered through sterile Berkefeld filters as before and 

used in making the hanging drops on cover-slips in Van Tieghem 

cells. Three series of these cells were prepared,one series 

containing fresh Richard's modified solution,and the other two 

the staled media following the growth of Penicillium and Botrytis. 

The four organisms used in the experiment shown in Table VIII 

were used in making the inoculations.The hanging-drop cultures 

were kept under bell-jars for thirty-two hours,examinations of 

the cultures being made at eight-hour intervals. Table IX shows 

the results obtained. 

It is noted from the above table that both tile staled media 

had an inhibitive influence ipon spore ger.mination. 1he staled 

medium following the growth of Penicillium appeared to be most 

powerful,although ger.mination of the spores of the same fungus 

occurred in it.The medium following the growth of Botrytis was 

less powerful,for some germination occurred in all cultures 

where it was used,although in a few cases the genmination of 

spores was retarded for a time.It appears,from an examination of 

the data in Table IX,that the staled medium of either fungus 

used in the experiment was best suited for the ger.mination of 

its spores,but in each case the ger.mination was less than in the 
unused medium, 
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TABLE IX. THE EFFECT OF STAk~·D i~DIA 0Ir GERMIl,{ATIOlJ OF THE SPORES OF 

so~ FUJJGI. GROWN AT 20-240C. 

Fungus 
, Botrytis-staled 

medium 
Penicillium­

staled medium I
~. Unused Richard's 

mod.medium 

...----------. -.--------~----------.-...-..---------
~ 

t 
i Time in hours 
i 
~ _\. 

1 I l ;, i !,: 

I I : 
~ ; ii '=" 

8 16 24 32 8 i 16 ? 24 32 8 16 
I 

24 
, , 

\ ~ 
.; .. , 
'" i 1 l -: ; f, { , 

11 
I 31 ! 

i i 

~ I I ; ~ 

·l 

i 
, I i I i 

if L j ; I 
., 

i 

I 
.-

I 
1 I I 

~ i f 
0 38 73 79 4 39 52 i 67 16 ~ 35 

.t 

42 ~ P.expanaum , 'li 
~ ~ , f ~. t 

118 

1 I : 
# i 

I 
~ ! t 
i ! .' ! 

S.fructicola 85 88 95 95 i 22 34 , 42 i 0 0 1 0 I 

I 
. ", I 
f I 

., t 
j 

I 
1 

~ l 

Botrytis 76 84 91 93 48 81 87 90 
( 

0 0 I sp. I 

~ l 18 ! i I l ! , ~ : 
I I 

, 

I i I 
~ 

C.fulvum 0 43 94 95 0 12 21 34 I 0 0 i 

I 
[ 

~ 0 I 

I 
I 

I { I 

I 
i 
i i 1 

"""""" 

32 

55 

0 

21 

4 
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It has been seen from the above experiments th~ the growth 

of fungi is reduced when these fungi are grown in staled media, 

and that this inhibiting fa~tor is possibly some toxic sUbstance 

other than acid.It is not probable that acidity is the footor 

in question,for,as learned from a previous experiment,the addition 

of a small amount of the staled medium caused only a negligible 

change in the H-ion concentration while there was a distinct 

reduction in growth of fungi cultured on the medium to which 

the staled medium had been added.However,to decide further if 

acidity was a factor in determin~ng the amount of growth the 

writer performed the following experiment. 

Pure cultures of Penicillium expansum were grown in 500 c.c. 

Erlenmeyer flasks containing 200 c.c. of Richard's modified 

solution.The cultures were grown at 20-24°0. for ten days,after 

which period the mycelial mats were removed,and the staled 

medium passed through a sterile Berkefeld filter(size N) into 

sterile flasks,and treated in the following manner.The staled 

medium was s~parated into four parts;one part of this being 

left for a check,while the others were used for cultural exper~ 

iments.One part was autoclaved at 15 pounds for 15 minutes,Another 

part was changed in H-ion concentration until the medium was 

equal in acidity to the unused medium.The third portion was 

left without being changed. 

After the abo've staled media were prepared as described, 

50 o.c. lots were poured into 150 c. c. Erlenmeye-r fl.asks alld 

inoculated with both Sclerotinia fructicola and Penicillium -
expansum.Theee fungi were grown on these media either in pure 

culture of in association.The same amount of inoculum was added 

to each flask,approxim.ately 10,000 spores.The cultures were then 
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grown at 20-2400. for ten days,after which time the growth in 

each flask was charted as shown in Figure XV. 

The chart shows that the above fungi grew very' :well on 

unused Richard's modified solution,but not so on the other media. 

Pe~icillium expansum grew better than Sclerotinia in all the 

cultures,and when the two fungi were grown in association, the 

former totally suppressed the latter. Penicillium grew well on 

all the staled media,though less growth was obtained than on 

fresh medium.Growth of Penicillium was about equal on either the 

unchanged staled medium, or where the H-ion concentration had been 

changed to that of the fresh medium.On the autoclaved medium 

less groYlth occurred than on the other typeS of medi"a- . used. 

Sclerotinia fructicola grew moderately well on the fresh 

RiChard's modified solution,but only slightly on any others.Of 

these,the autoclaved medium appeared to be most favourable to 

the growth of this fungus,while the unchanged used medium was 

distinctly very unfavourable to its growth. 

There was very little change in the H-ion concentration of 

the media used in the experiment,except where fungi were growing. 

In all the cultures the media became more acid,though in varying 

degrees.In the unused medium the check changed from pH 6.5 to 

pH 6.3.Penio111ium changed it to pH 3.1,while Sclerotinia changed 

it to pH 4.3. In the used but adjusted medium, the check changed 

from 6.5 to 6.4.The change wrought by Penicillium expansum ~rought 

it down to pH 3.4,and by Sclerotinia fructicol~ to 4.2. The used 

and autoclaved medium check did not change.P.expansum changed it 

from pH 3.0 to 2.4,while S.fructicola caused no change. In the 

unchanged used medium there was no change in the check, but 

P,expansum changed it from pH 3.2 to pH 2.6. 
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~~======~================ ~ 

FIGURE XV.The effect of staled media on growth of Penicillium 
expansum (P),and Sclerotinia fructicola (S),grown in pure .' 
culture and in association. (A) The unchanged fresh Richard's modifie< 
nutrient medium. (B)The unchanged used medium. (C)The autoclaved 
used medium. (D)The used medium whose H-ion concentration has 
been adjusted to that of the fresh medium. Heavy shading shows 
growth of Penicillium;light shading the growth of Sclerotinia. 
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Sclerotinia produced no change whatsoever. 

The conclusion that can be drawn from the above experiment 

seems to indicate that acidity is not the determining factor in 

the inhi bi t ion of fungus,_04growth, although it appears to play a 

distinct part when the culture media are too acid,as will be shown 

in further experiments. There appears to be one or more toxic 

agents whic~l cause this inhibition of growth, and this effect can 

be only partially removed by autoclaving.lt is very probable that 

several factors combine to cause a decrauB of fungus growth in 

the staled media. 

After the above preliminary experiments were completed,an 

attempt was made to discover the effect of H-ion concentration 

on the growth of some rot-producing fungi. These fungi were grown 

on Richard '8 modified rnedium of varying H-ion concentration 

either in pure culture or associated in pairs~eonsisting of two 

organisms causing the rot of the same host. These fungi were: 

from the apple,Sclerotinia fructicola and Penicil~ium expanslun. 

from onions,Botr;;rtis allii and Botrytis byssoidea;from the 

tomato,Cladosporium fulvum and Botrytis sp. 

The acid range used in the growth of these fungi varied 

from pH 1.5 to pH 7.0.The medium used was Richard'S modified 

solution adjusted to the various H-ion concentrations.50 c.c. 

of the medium was placed in each culture flask of 150 e.c.capacity, 

and then inoculation was carried out by the addition of about 

100,,-000 spores per flask;when the spores were available, or by the 

addition of small squares of growing mycelium on a potato-dextrose 

agar plate,if no spores were formed.The cultures were all made 

in duplicate. Some uninoculated medium served to eaeak up on any 

change in the H-ion concentration of the medium itself. 
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After growth for ten days at 20-24°0. the flasks were 

examined to deter.mine the characteristics of the cultures.The 

amount of growth of each fungus was oharted,and the final H-ion 

concentration determined for each flask.The charts of the growths 

or the three pairs of fungi are shown in Figures XVI,XVII,and XVIII. 

The changes in H-ion concentrations are shown in Tables X,XI, 

and XII. The results of the above experiments C8 .. n be s 11mma.rized 

as follows. 

When Penicillium expansum and Sclerotinia fructicola.were 

grown in association,it was found that the former fungus was 

able to suppress completely all growth of the latter,no matter 

what the H-ion concentration proved to be.The former fungus 

grew at all pH values above and including pH 1.9,while the latter 

grew at pH 2.5 or above.The growth of both fungi was small and 

sporulation was negligible at these high acidities.P.expansum 

exhibited a double optimum of acidity,for best growth occurred 

at pH 3.1 and also near the neutral point.S.fructicola grew best 

in almost neutral media,the growth decreasing in proportion to 

the increasing of the acidity. 

It was noticed that the isometabolic point in the case of 

~xpanBum was between pH 3.5 and pH 4.0 .For S. fructicola 

this point was somewhat lower,centering at pH 2.0. These points 

are probably subject to a good amount of variation,for the figures 

obtained have not always been the same with consecutive exper~ents. 

The data and charts referring to this experiment are shown 

in Figure XVI and Table X. 

An experiment similar to the one above was performed with 

two onion-rotting fungi,Botrytis allii and Botrytis bzssoidea. 
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TABLE X.EFFECT OF H-ION·CONCENTPAmION ON GROWTH OF- APPLE-ROTTING FUNGI 
- . 

; 

~ Initial Penicillium , 

pH expa .. nsum j 
I 

~ 
.. 

Final : 
Check pH Grov{th ! 

J 
1 

t , ( 

1.5" I ~ 1.5 I 1.5' 0 , 
J 
i i 

1.9 l 1.9 I 1.9 ... I 
<. 

2.5 2.5 2.5 +-t 

3.1 i 3.1 4.2 -t-+-t..-t 
I 
i. 
I 
l 

3.5 1 3.5 3.1 t+t 

3.9 I 3.8 3.8 tt~ • ~ 

~ 

4.5 \ 4.4 4.0 i-++ 

5.0 4.8 4.1 ++++ 

6.2 6.0 4.1 ... +++ 

7.0 , 6.7 3.9 ++++ 

I 
--

The following symbols 
No growth •••••• 
Slight growth •• 
Fair growth •••• 
~edium growth •• 

\ 

i 
r. ; 
I 

are 
0 .. 
+ .. 
++-t 

r- .-----.- -
P.expansum 

and Sclerotinia 
S.fructicola fructico1a 

Final Final 
PH Growth pH Grov{th 

1.5 

2.4 

2.5 

3.0 

3.1 

3.1 

3.9 

3.2 

3.5 

3.6 

used 

t 0 • 1.5 0 

I 

~ 
I 

I ~ 1.7 0 
! ! 

++ 2.5 + 

... + ... ~ 1.9 ... ~ 

++-t 1.9 ++1-

+ .... 1.9 -"+,. 

.... ++ 1.95 ++f-,. 

1-Tor. 1.9 ..... .,.+ 

+fo",,+ 3.15 T"+t 

+-t,.t 4.0 ~+++ 

to describe the amount of growth 
Good growth ••••• +~++ 
Very Good growth ~+.~~ 
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FIGURE XVI . The effect of HYdrogen-ion concentration on the 
growth of Penioillium expansum (p) and Sclerotinia fructicola (8). 
in pure culture and in association.Heavy shading shows growth ' 
of P. ex;pansum, light shading tl1.at of S. fructicola. CuI tilr es 
grown at 20°- 24°C. 
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Unfortunately it was impossible to obtain sufficient quantities 

of spores of the latter fungus so that the standard number (10,000) 
:ZB, psh 

could be used for the inoculation of each culture flask.In order 

to overcome this difficulty,uniform squares of mycelium(25 sq.mm.) 

on potato-dextrose agar in Petri dishes were used for inoculation 

purposes,one square being placed in each flask.Abundant spores 

were available in the former rungus,so f;gaspension of spores 

could be prepared.Otherwise the experiment was the same as with 

the cultures of ~.fructicola and P.expansum. 

The following results were obtained.BotEYtis byssoideagrew 

in almost the same range of pH values as B.allii,but was able 

to grow slightly in a medium more acid than B.al111 would tolerate. - . 

Both ·::r1illB:~. preferred a slightly acid medium for their grov/th. 

Sporulation was abundant in cultures of B.allii at pH 5.0 and 

above.B.byssoidea did not form many spores,but produced them at 

the same range of H-ion concentrations as B.allii.There was a 

moderate formation of sclerotia in cultures of B.bYBsoidea at 

the same pH range as spore pr.oduction occurred. In cultures where 

the two fungi were grown in association,both fungi grew well, 

though less than in pure cuI ture,and there was no t·endency for 

one fungus to be suppressed by the other.The results are shown 

in Figure XVII and Table XI. 

It was noticed that there was a tendency for the fungus to 

render the culture media more acid where the initial acidity was 

low,and the amount of change was roughly correlated with the 

amount of growth of the fungus.The uninoculated medium changed 

only slightly in H-ion concentration,the tendency being to render 

the medium more acid. 
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TABLE XI. THE EU'FECT OF H- ION C01~CENTRATI·JIT OlT GROVITH OF ONIONr'ROTTIIJG 

FUNGI 

Initial Check Botrltis B.allii Botrytis 
pH allii and byssoidea 

B.bzssoidea 

Final Final Final Final 
"OH 
~ pH Growth pH Growth pH Growth 
--.-

1.5 1.5 1.5 0 1.5 0 1.5 0 

2.0 2.0 2.0 0 2.0 2.0 

2.4 2.4 2.5 + 2.5 ++ 2.4 ... + 

2.9 2.9 2.6 +i 2.7 .., .. 2.7 +~ 

3.4 3.4 2.6 +t++ 2.5 ....... 2.5 +". 
3.9 3.7 2.6 ++ .... 2.4 + .... + 2.5 +~ .. 

4.5 4.2 2.4 +++ .. 2.2 t ....... 2.7 +++ 
t 
t i f 4.9 2.6 2.2 2.6 5.0 I ; ++ .... ......... .... t1 

( 
I 

5.5 I 5.3 3 .. 2 I + ...... 2.4 .. ... + .. 2.4 +-\-ti 
r 

( { 

6.3 
I 6.0 3.1 + ...... 3.1 2.7 I i tt"t t-+.-t I, 

I F 

7.0 6.8 3.1 I +t+ 3.1 + .... ., 2.7 ~++ 

I 



FIGURE XVII.The effect of H-ion concentration on the growth of 
Botrytis allii (A) and Botrytis byssoidea(B),1n pure culture 
and in association.Heavy shading represents growth of B.allii, 
light shading that of B. bys6oidea. Cultures [;ro -~n at 200- 240C . 
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In the case of the tomato~rotting fungi,Botrytis s~.and 

Cladosporium fulvum,the procedure used in the above experiments 

was followed.Here also,as in the case of Botrytis byssoidea, 

squares of the mycelium of Botrytis sp.were used to inoculate 

the cultures. Cladosporium fulvum formed an abundance of spores, 

so no difficulty was found in making an adequate spore-suspension. 

It was observed in this experiment that Cladosporium grew 

very well in markedly acid media,more so than Botrytis,although 

the latter fungus was found able to grow in more acid than the 

former. Sporulation was abundant in the cultures ofC.fulvum at 

all H-ion concentrations which allowed the growth of the fungus. 

There was a tendency on the part of this fungus to form small 

masses of white aerial mycelium in acid media,pH 4.2 and below. 

Botrytis sp.grew well at nearly all the H-ion concentrations 

used, though the amount of growth was approximately in inverse 

ratio to the 4.g~ee of acidity.Sporulation was only slightfbut 

for.mation of small sclerotia occurred in cultures of pH 5.2 

and above. 

In mixed cultures,Botrytis sp.was completely suppressed at 
all H-ion concentrations less than pH 3.2,but it-appeared in 

media which were more acid than this point.It appeared better 

able to resist the high acidity,and so was partly able to 

overcome the inhibitory action of C.fulv~.The results of this 

experinlent are shown in Figure VIII and Table XII. 

From the above experiments it is concluded that different 

fungi do not respond in the same way when grown at different 

degrees of acidity, but that there is a distinct influence of 

the acid on association of some of these fungi,especially where 

the inhibited organism is favoured by extremes of acidity. 
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TABLE XII. Till~ EFFECT OF H-ION C01TCEl~TRATION ON Gr~OT~-l~TH OF TOMATO-'ROTTING 

FUl\fGI. 

Initial 

I 
CladosEorium C.fulvum I Botrytis sp. I 

pH Check fulvum and. ! 
t 
r 

Botrytis SE· I 
l I 

Final Final Final i Dinal ~ 

IJH pH Growth pH Gro"Vvth 
\ 

pH f Gro\vth 1 
~ 
i 
I 
\ 
t 
! 

i 
I 
~ 

1.5 1.5 1.5 I 0 1.5 0 I 1.5 
t 

0 , 
, i . 
i 

~ 

I I 

2.2 2.2 2.2 0 2.2 ... I 2.2 [ .. ! ~ 

1 ~ 
I 
I 

2.7 2.7 2.7 2.8 ( 2.8 
, 

,,~++ +~+ ... ~ ++ ~ 

I 
, 

~ 
i 

3.2 \ 3.1 2.8 ~++ .. ! 2.9 +-t- ~ T 3.2 .... -r 
I 
f 

3.7 I 3.6 2.6 +-t++ 2.8 ++"t+ 3.2 + ..... 
i i I t 

4.2 i 4.0 2.7 + ... ~ 2.7 ....... • 3.4 f +++ I 

I 
r 

f 
;. 

4.7 4.5 2.6 t .... ~ 2. 7 +++ 3.0 
) 

++ ... i I 
~ 

/2.6 
. 
" 
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5.7 

6.2 __ _ 

6.7 ~ 

FIGURE XVIII.The effect of H-ion concentration of growth of 
BotrYtis sp.and Cladosporium fulvum,in ~ure and mixed cultures. 
Heavy shading represents growth of C.fulvum (C),and light 
.shading the growth of Botryt,is Bp. (B). Cultu'res grown at 20-240 C. 
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Anaerobiosis and Association of Phytopathogens. 

Pasteur (63) made the notable observation that various plants 

liberate carbon dioxide, .in an oxygen-free atmosphere,and he found 

that here fermentation had been substituted for oidinar.y respir­

ation.Seed plants are able to form the prinmry products of alcoholic 

fermentation,i.e.ethyl alcohol and carbon dioxide,under anaerobic 

conditions.In the yeasts this fermentation is more obvious than 

in most fungi.Pasteur was also able to establish the fact that 

there were among fungi transition forms between the yeasts and the 

strictly aerobic forms such as Penicillium.The Mucors are in part~ 

aerobic,but in part they are organisms of fer.mentation.Sometimes 

strictly aerobic ~XXXX~ fungi form small quantities of carbon­

dioxide and alcohol under anaerobic conditions. 

Diakonow (21) carried out some experiments with Penicillium 

glaucum,Aspergillus niger,and RhiZOPUB nigricans.He grew the 

moulds on various organic SUbstances as sources of carbon. Carbon 

dioxide'was formed only when the fungi were grown on saccharine 

nutrients,while on other nutti'ents the fungus mats soon died out. 

On the basis of these results the author concluded that anaerobic 

respiration of moulds 1s only alcoholic fermentation which can 

take place in the absence of free oxygen.In later experiments he 

found that strongly aerobic fungi do not gi~e~off any carbon 

dioxide ~ when grown in the absence of free oxygen,even 

when supplied with fermentable sugars,and the cultures died after 

one or two hours. 

Kostychev (48) was able to show that Penicillium glaucum 

liberates carbon dioxide regularly, though free ~en was excluded. 

He repeated Diakonow's experiment and clarified his results.The 

results of Kostychev's expertments seem to show that the so-called 
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anaerobic respiration is peculiar to all aerobic plants.Diakonowta 

results may be traced to the poisoning of some of the aerobic 

moulds by products of imperfect metabolism.He found that there 

was very little difference between the sugars and non-sugars as 

sources of carbon for anaerobic growth. 

Thoytta and Avery (81) discovered that aerobic bacteria can 

grow under--anaerobic conditions if raw,sterile vegetable tissue 

is added to the medium on which the organisms are growing.The 

reason for this phenomenon appears to be that in aerobic bacteria 

an enzyme,a peroxidase,is lacking.This peroxidase is possessed 
~ 

by anaerobic bacteria,who through its use,can obtain combined-

oxygen from the medium,and use it in their respiration.If this 

deficiencyof oxygen-freeing peroxidase is overcome,by supplying 

it to the medium from an outside source,then strictly aerobic 

bacteria can grow in the medium, even though atmospheric oxygen 

is excluded.The peroxidase can be most easily supplied through 

the addition of raw,sterile plant tissue from which the peroxidase 

can diffuse into the medium and become available for use by 

bacteria in the medium. 

An attempt has been made to determine if fungi respond to 

a similar treatment;and also to see if there is any growth of 

plant pathogens under anaerobic conditions.The experiment that 

was performed was not an elaborate one,but it was sufficient to 

show any growth of the plant pathogens in the absence of free 

oxygen,or any effect due to the addition of fresh,sterile,plant 

tissue on the growth and association of these plant pathogens. 

The experiment was performed as follows. Small test-tubes 

(1.5 X 15 cm.),each containing 10 o.c. of Richard's modified 
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nutrient solution,were autoclaved at fifteen pounds for fifteen 
um 

minutes.After the media had cooled,small cubes of raw, sterile 

potato-tuber tissue were added. These cubes were prepared by 

washing and paring the tubers,and sterilizing the surface of 

the tubers with 1-500 strength corrosive sUblimate (HgC12).After 

sterilization for five minutes,the tubers were washed in sterile 

distilled water,and then sectioned in a sterile dish into cubes. 

The side of each cube measured approximately five millimeters. 

Care was taken thro:q.ghout the experiment to eliminate contaminat~ion 

·of the medium and tuber sections as much as possible. 

Four fungi were used for inoculation purposes.Penicilli~ 

expansum, Sclerotinia fructicola,.Botrytis sp~ ,a_nd Clado~.:porium 

fulvum.Two series of cultures were prepared, those containing 

Richard's modified medium only,and those containing the same 

medium with the addition of the potato cubes.The inoculum used 

was made as uniform as possible,consisting of a spore suspension 

in each case. 

After inoculations were complete,the culture tubes were 

placed upright in larger tubes containing crystalline pyrogallic 

acid in the closed end of the tube,the crystals being held in 

place by a plug of absorbent cotton. Just before the culture tubes 

were inserted,5 o.c. of concentrated caustic potash (KOH) solution 

were poured into the larger tubes,and then the openiI~ of the 

large tubes were sealed by inserting a cork impregnated with 

melted paraffin. This provided an air-tight container for each 

culture tube,from which all free ·~gen had been removed by 

the pyrogallic acid and caustic potash. 

The cultures were incubated at 20-24°0. for fifteen days, 
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after which period final observations were made. 

It was found that in pure cultures of Penicillium expansum 

practically no growth took place. What growth occurred,took place 

during the first three days of the culture period.No difference 

was found in the cultures containing the.raw potato tissue. 

In pure cultures of ~clerotinia fructicola some aerial 

mycelium but no spores were formed.No stimulus to growth was 

observe.d in the cultures containing the potato-cuDee. 

In mixed cultures of the above organisms very little growth 

occurred.The Penicillium dominated in all the cUltures.The addition 

of raw potato tissue did not produce any inoreased growth. 

In the cultures of Botrytis sp.growth of mycelium was slight, 

and no spores were formed. There was no stimulus to grov/th given 

by the addition of the raw potato-tissue. 

In pure cultures of CladosporiUln fulvum very little growth 

occurred.The potato cubes produced no visible effect on growth. 

In mixed cultures Botrytis predominated, but the growth was 

no better than in pure cultures of that organism.The addition 

of potato tissue did not produce any visible effect on growth. 

After the above observations were made, the cU'lture tubes 

were exposed to atmospheric oxygen.The effect was seen at once. 

After one day there was a distinct increase in growth in all the 

cultures,especially those of Penicillium.Apparently spore ger.mination 

had occurred in the cultures after they had been placed under 

anaerobic conditiona,but growth soon ceased.When air was admitted, 

growth tohk place at once. The presence of the raw potato cubes 

did not produce any visible effect on growth,either in the anaerobic 

conditions or after exposure to air. 
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From the above~results the writer concluded that the fungi 

described are obligate aerobes.It is possible that some respir­

ation took place while the cultures were kept in anaerobic 

conditions,for growth occurred as soon as they were exposed to 

atmospheric oxygen. This result would not have been observed so 

soon if germination had not begun while the t·ubes were still sealed. 

There may have been a temporary inhibition of growth on account 

of the absence of atmospheric oxygen,but the cultures were not 

killed.As there was no visible effect on growth caused by the 

addition of the potato cubes,it is possible that the peroxidase, 

so useful to aerobic or anaerobic bacteria,can not be used by 

fungi;and hence the addition of fresh,vegetable tissue is of_ 

no value for the growth of fungi in the absence of free 0xygen. 

The results of this experiment are shown in Table XIII. 

The Association of Phytopathogens in~the Host. 

The ~fect of Host Variety. 

In the study of apple rote,the varieties MacKintosh Red, 

Fameuse,and KcBahon White were used.All the varieties were 

susceptible to both Penicillium expansum and Sclerotinia 

fruoticola,but the amount of rot was least in the _, variety, 

RUBset,which was not used for experimental purposes. The most 

damage in storage was done by the""Penicillium,and,except in 

the last variety named,there did not appear to be any marked 

difference in the amount of rot. 

Penicillium expansum is a parasite which is confined almost 

entirely to fruit rots in storage,usually when the fruit is ripe. 

No investigations have been made by the writer to determine 

the amount on green fruit.A survey of the literature revealed no 
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TABLE XIII • .t1~l?~CT OF .A.J~AEP.C?I:'j CO~:])ITTO}~S OTT Gf(8\/TH OF 801.:- ?u1~GI 

--------... - +-1------

Fungus ana .. erobic 
cultures 

I 15 days 
I I 

aerobic cultures 
10 days 

1 Rich.mod. 
- - ___ .----. .;;-~ - ~- • .r- • "--'- -----,----t-----

Rich.mod. 
med.~lus 
potato 

Rich.mocl. 
Imed.alone I med.plus 
r i Dotato 

; ..J.. 

t ' ---------.... ' ----------"'j ----,.------..-1---
, ~ I 

Penicillium 
expansum 

Sclerotinia .. 
fructicola 

S.fructicolB.I 
and 

P.expansum 

Botrytis s12. 

Cladosporimm 
fulvum 

Botrytis sp. 
and 

C.fulvUll 

j ) i 

I 
t t 

tt 

t 

.+ 

+ 

+ 

.. 

t 

I 

Rich.mod. 
med.alone 

+t+-t 
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reports giving positive results.Further experimental work is 

necessary to determine the effect on unripe fruit. 

The Brown Rot fungus, Sclerotinia fructicola, ap,pears to be 

able to attack the fruit in any stage of its development.Heald (36) 

reports that all smmEer varieties of apple are susceptible to 

the disease,but the varieties Yellow Transparent,Chenango,and 

Genet are especially so .Data <. on the subj ect of vari etal sus cep­

tibiltty are as yet very meager. 

In the onion rots,a similar lack of data exists.]1[unn (62) 

finds that white and yellow varieties of onions are especially 

susceptible to the attacks of Botrytis allii,and the red varieties 

are reported to be somewhat resistant.The experiments of Munn have 

been confinmed by the writer.The yellow varieties have been found 

most sUBcepti ble to invasion by Bot!yti s alIi i _ ~nd B. byssoide,a, but 

the white varieties were attacked by B.squamosa. 

In the case of tQmato rots only one variety,Livingstone ilobe, 

was used. The amount of infection appeared to be bra correlated 

with the maturity of the p~ant ,the ripeness of the fruit,and 

the amount of shade in which the plants were growing.Neither 

Cladosporium fulvum nor Botrytis sp. attacked the .vines prior to 

fruit formation,although young plants when grown under a bell-jar 

at room temperature are susceptible to the attack~f both fungi. 

Under green-house conditions,Cladosporium did not appear until 

after fruit formation had taken place for some time,but Botrytis 

was found to cause infection as soon as the young fruit had begun 

to form.The former fungus did not produce an extensive rot in 

the diseased fruit,confining its activities to the superficial 

layers,but cracking sometimes followed the attacks of the fungus 

on the fruit,and through the wounds Botrytis was able to enter 



aIid complete the rot. 30tryt!s_sp. was found able to attsick green 

frui t Lluch more rea<lily t~:(.~n t. ~e ri~)e frui t., for here tl-re frui t 

was ei t~ler free rro~~l the rot,or 1:f· t~l(; furlgus ha~d already entered 

the progreS(1 of t~1(3 rot was slow. 

:rHh .Lt ~~ct~~,~j:_!~S~_ ~cidi t,Z. 

As mature specilaerls of tIle difi.~erent 11,.Jst plants were used 

f or t~ iese experi4l:ents, only tile data cOi1cerniIlg the acid::~ ty of 

t11ese pIa :lts at l:iQ, tu:ci ty .were obt~ined.:lowever, nWllerous accuunts 

dealir.tg wi th tile acidity ot: SOl.le o:f t~le hOE ts were read, and an 

b .. tteIllpt has been laade to correl~'i"te tile aL~JU(lts of ac14tty and 

infection. 

MagnesB and Diehl (W.) have shown t':1a t t!1.e var:" eties of apfles 

~iitIl which tJley 11[~Ve "~1Jorked under~ent a stet1,dy clecrease in acidity 

during tl1e ti.: .. e tile aplj!es were kerjt in storage at 32°F. The 

rate of decrease was nearly the saL,e for all varieties,regardless 

of the original acid content.Deliciol,ls, a varl ety \v1 t11 an illi ti~~ 

a.cid COlltellt of .3 c. c.o£ l~/lO acid per 10 gralUs of· wet tisGue 

lost acid arlt11 af-tar six ~lOllti18 only 2 c.c. of IJ/'lO acid were 

retluired to l1eutralize tile SaL..\e weig~lt of pulp, a 108s of ~lO to 40 

pere ent. Rhode Island Greening C}'l< <.llged frolU 9 to 8 c.c. of tl1e IT,'1.0 

acid. The varieties in order of deCrefi,sing acid content were 

Rhode lsland Greening,Ben Davis,York,Imperial,Winesap,Rome Beauty, 

alld DeliciouEJ. The percentage of acid lust during the six months 

in sto~ge is in reverse order,showing t}lat t~le varieties with 

lo~est acidity lost the-~ost. 

Patrick,allot~ler -''lorker wi th acidi ty of a .. pples, fOUl~d tllat 

tllere appec1.red to be no relation between acidi ty and sugar content. 

J.'~lO r~nge of acid,ho-.vever,\yCl.s considerc.;.ble in tile clifi'erent varietieSt 
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The results of Patrick are shown in Table XIV. 

However,as Heald (36) states,there is very little dtfterGBce 

in the amount of rot in apple varieties,and it is probable 

tllat acidi ty is not an important fa·ctor in det ermining the 

presence or absence of the rot in ripe fruit.It is possible 
, 

that the high acidity of immature fruit ma~)~esponsible for 
"'--

the exclusion of some rot-producing fungi. 

An experiment was performed to determine the acidity of 

some plants before and after rotting. The acidity of the healthy 

specimens was determined by finding the pH value of the juioe 

from ten unifor.m apples,onions,or tomatoes.After this ha .. been 

done,other si~ilar specimens were inoculated with rot-producing 

fungi.After inOCUlation and sealing of the wounds with melted 

paraffin, the different hosts were incubated at 20-24°0. for 

some time,depending on the host,after which period the amount 

of rot was determined. 

In the case of the apples,the varieties MacKintosh Red, 

Fameuse,and McMahon White were used for inOCUlation purposes. 

Only uniform, sound apples of each variety were selected.After 

inoculation had been made with either Penicillium expansum 

or Sclerotinia fructicola spores the rots progressed quickly, 

and in about ten days the apples were almost completely rotted. 

rhe H-ion concentration was determined before and after rotting, 

and it was found that in each case,no matter which fungus had 

been used for inoculation,the acidity of the juice had been 

increased.The acidity of the checks was found to decrease 

slightly, this probably being due to the r~is,ing of the temp-
t... .. ~lt,.._>.a 

erature after being brought from storage ,to effects of enzymes. 
1\ 
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TABLE XIV. SUGAR AND ACID CO~TENT OF SOl~ APPLE VARIETIES. 

Variety 

Sou.lard Cra,b 

Scott's Winter 

Silken Leaf 

Willow T~Nig 

Vlythe 

Ostrokoff's Glass 

Winsted Pippin 

Cross 

Borsdorf 

Fameuse 

Iowa.-Greening 

Percent 
acid 

1;.124 

.960 

.837 

.683 

.646 

.622 

.527 

.423 

.418 

.394 

.117 

Percent 
sucrose 

3.11 

3.06 

1.46 

3.87 

2.05 

1.78 

1.30 

2.12 

2.82 

3.29 

1.25 

Percent 
glucose 

5.15 

6.07 

7.87 

6.79 

6.83 

7.68 

8.2:3 

6.80 

7.48 

8.Z)1 

7.87 

Total 
sugar 

8.26 

9.13 

9.33 

10.66 

8.88 

9.46 

9.63 

8.93 

10.30 

11.60 

9.12 

The above data were obtained from the report om the anatysis of 

apples by-,G.E.Patrick (Bull 3.Iowa Agric.Exp.Sta. 1888) 
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The results of this experiment are shown in Table XV. 

In the inoculated onions there was a similar change. The 

varieties Red Weatherfield, Yellow Globe, and Silverskin were 

used, and there was only a slight difference in the pH value of 

the juioe. The change in H-ion concentration was directly pro­

portional to the initial pH value. During the experiment the 

ohecks did not change, but in the decaying specimens there was 

a slow increase 1m acidity. The results are shown in Table XVI. 

In the tomato practically no change in H-ion concentration 

was observed although the specimens were almost completely 

rotted. Cladosporium fulvum prod~ced only a slight rot, which 

did not affect the acidity of the fruit. Botrytis sp~., on the 

other hand, rotted the fruit very quickly, but contrary to the 

results obtained in the rots of the apple and onion, the change 

was towards l~ss aoidity. The aotual ohange was from pH 3.8 to 

pH 3.91 these figures giving the average of the determinat10ns 

made on ten healthy and ten rotted specimens of the variety 

Livingetone Globe. 

From the above results, acidity does not appear to be a 

limiting factor for tne production of a rot in the host by the 

various pathogenic fungi used. As seen from previous experi­

ments these same fungi are able to grow well at H-ion concen­

trations greater or less than those found in the healthy hosts, 

and so it 1a not probable that the host acidity could limit 

the development of the fungus in the host. 

Association of Phytopathogene in the Host. 

The apple-rotting fungi, Penicillium expaneim and Sclero­

tinia fructicola have been only rarely found growing together in 
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TABLE TV. THE EFrCT OF ROT?ING OlT T=-L~ AC ID COIIT1JTT OF ~jCI~.l APBI.E VARIETIES 

pH of heal t~-:y pH of apl.Jles rotted pH of apples rott.ed 
Variety aplJles by P • expan SUDl by S. fructicola -

initial final initial final initiaJl final 

-

Wameuse 3.1 ~ 1 ~ 1 2.8 ~ 1 2.95 -, 
..). ~) . ,-. . 

Mclbhon W11.i te 3.2 3.9 3.2 2.9 3.2 3.0 

MacKintosh Red 3.15 3.3 3.15 2.8 3.15 2.9 

-- - -
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-- of . 
pH of hea~l thy pH of onions pH onlons 

Variety onions rotted by rotted by 
B.allii B.b~ssoidea -

intial final initial finaJl ini tic_:,l final 
. 

Red Vi ea tIle rsf i eld 5.1 5.1 I 5.1 5.0 5.1 4.95 
I 

Yellow Globe 5.2 5.2 5.2 4.8 5.2 4.7 

Silverskin 5.5 5.5 5.5 5.3 5.5 5.1 

-- . 



nature. By means of artificial inoculation of the apfle fruit 

it is possible to secure association of the ty;O organiSTI1S, but 

only if inoculation with Penicillil~ spores was done after 

Sclerotinia fr·ucticola had. cl..lready rotted a consilier~ .. -ule aJIlount 

of the host tissue. 

Vfhen spores of both fune;i VJere plc~ced into the sane vlound 

at the same tirne, it was found tllat both orc;cLnisms ere""\;,; a.nd form­

ed the typical rot. The Brown Rot, c~used by Sclerotinia fructi­

cola, usually appeared first, and the Growth of the fungus w~s 

equal to thClt produced b~r tlle inoculation of aprles vli th pure 

cultures of the organisra. After a fev,T days it VIaE possible to 

distinguish the lesion caused by the growth of Penicillium ex­

pansun. It \7aS easy to ciifferentic1.te the t~70 rots. TIle lesion 

caused by the latter fungus is sLlnken, tIle epicLer~mis v:rinkled, 

and coloured pale brown. The rotted tissue is soft and watery. 

The lesion caused by tIle GroYTtll of Sclerotinia is brovvn ~~Jt first, 

blac~ later, but there is no sh~i~:inG of the e~iaermis ~s the 

rot ted ti ssue is firm and the apl;le retains it s shape. T'11e rot 

in this case spre~ds considera01y faEter than th~t c~used by the 

Penicillium. Tl1is fungus aIJI)eared to ha,ve tIle pI'operty of chc~ng­

ing the colour of the epidermis, so that finally it ie the s~e 

as v/hen Penicillium El.lone is resIJOnsible for tile rot. 

A similar change iX~S observed vlhen an apl)le partially rotted 

by the BrO\'ITn Rot fungus had been inocula.ted \\'i th F. ex;pansum. It 

YT81S noted, moreover J that V,Tllen P. expansurn follo\ved in the \7ake 

of Sclerotinia fructicola its progresE '1as slov,~er than vrhen grO\~l­

ine; cl1one. 
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In apples which had been rotted by Penicillium expansum 

and then inoculated by Sclerotinia fructicola_no secondary rot 

caused by the latter fungus was developed.It is possible a 

case of complete suppression of the latter by the former organism 

and is probably similar to the suppression obtained when the 

t\VO fungi were grown in artificial media. 

~~en each apple had been inoculated by both fungi,but each 

one placed separately in different wounds on opposite sides of 

the fruit,the fungi produced their characteristic rot around 

the points of infection. There was no reduction in the rate of 

growth until the borders of the lesions approached one another. 

When the lesi ons merged with one another, further gro-·;vth of 

Sclerotinia was inhibited completely,but the Penicillium was 

able to continue its gro\:jth,altl1.ough at a diminished rate.The 

growth of the lesion could be rollDWed by making a surface marking 

along the borders of the lesions at regular periods. 

The above phenomena were somewhat modified by temperature. 

It was found that at 30-34°0. no rot was developed by the fungus 

Penicillium expansum, but Sclerotinia fructicola was able toadvance 

very well.At~20-24oC. both fungi gre'v well,and were able to rot 

the apples in a shott time.At 4-80 C. the growth of both fungi 

was much reduced,and the amount of rot reduced in proportion. 

A more detailed account of the effect of the temperature on 

gro\Ith and association \vilI be given below. 

In the onion-rotting organisms,Bottytis allii and Bot;ytis 
-. 

byssoidea, the former grevv faster at the high and medi.U.m temper-

atures which are stated above,than the latter.At the lowest 

tem)erature the latter fungus grew best. When growing together 
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in the same host it was found that B.allii usually produced its 

own characteristic rot,whl1e the other fungus did not develope. 

This result was not modified by changes in temperature,though 

B.byssoid~ was able~to produce a rot of the onion through its 

own activity.The color of the onion did not make any difference 

in the growth of the associated organism. 

In tomatoes it was impossible to obtain large lesions by 

inoculations of the fruit with Q.lad_osporium fulvum,~ven though 

rotting has been observed in the green~house.The inoculated fruit 

was kept at 20-24oC. for a long.: ,period,and though rots produced 

by Botrytis sp. soon developed,and caused a rapid rot of the 

tomato fruit,Cladosporium rots developed slowly. This is contraty 

to the results When tl1.e two fungi were grown in artifi cial 

culture. (See Figure XVIII.) 

Effect of Temperature on Association 

As temperature has a distinct influence on the developm"ent 

of phytopathogens in artificial culture,it is probable that 

similar effects are produced on rot-producing fungi when growing 

on their hosts.To see if the above is true,the following exper­

iments were performed. 

In the stud~y of a,pple rots,a.b-:ples of the same size,maturi ty, 

and variety were selected. the volume of the apple in each case 

was determined by the water-displacement method.After the end 

of the incubation period,the amount of healthy tissue was found 

by the same method when the rotted part was scraped out.It was 

found that a small amount of shrinkage occurred,so checks were 



used to determine the amount. These checks were treated in a 

similar manner to the inoculated apples but no inoculum was 

introduced into the wound. 

In a preliminary experiment the varieties kacKintosh Red 

and McMahon White were used.Six apples of each variety were 

inoculated with spores of Penicilli~ expansum __ or Sclerotinia 

fructicola or both.After incubation at 20-24oC.for seven days 

the rotted tissue was sczaped out ~ each apple,and the amount 

of rot measured.It was found that the rots developed well in 

both varieties,out in ~cMahon White the percentage of rot was 

greater than in the MacKintosh ~d.ln each case S.fructicola 

rotted more of each apple than did P,expansum.The results are 

shown in Table XVII. 

In a second experiment,only the variety MacKintosh Red 

was used.The same fungi were used as above, but the rots were 

incubated at 30-34oC.;20-24oC.;and 4-SoC.Sixteen apples were 

placed at each temperature,four being inoculated with ~.expansum, 

four with S.fructicola,four with the two fungi in association, 

andL:the remaining four serving as checks to determine the 

amount of shrinkage. The period of incubation extended over ten 

days,after which the amount and type of rot was determined. 

The data are given in Table XVIII and Figure XIX. 

In a third experiment the variety Fameuse was used instead 

of MacKintosh Red.but other wise the expe~iment was similar 

to the above.The data are shown in Table XIX. 

In the study of onion rots the procedure used above could 

not be adopted,as measurements were difficult to o~tain on 

account of the inability of the writer to determine the 



Fungus 

S.fructicola 

P. expansura 

S.fructicola, 

P.expansum 

Initial 
volume 

Variety 

240 

225 

Variety 

77 

103 

.. 116 .. 

Volunle heal tl1Y 
after 10 d8JyS 

J..~c}ahon V[hi te 

115 

150 

kacKintosh i-led 

43 

80 

Volume 
rotted 

125 

75 

34 

23 

Percentage 
rotted. 

52.4 

33.3 

44.3 

22.5 

In the checks the average shrinkage in volume was from five cubic 

c entil J.eters in the L_c.1L\hon~Vht te variety to tYro cubic cent iL1et ers in 

the l~cYintosh Red,or s change from 226 cc. to 221 cc.in the fanner 

variety,Rnd from92 to 90 cc. in the latter. 

All volumes are given in cubic centiILeters. 
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VARI~L;~TY }iF.CKIl~TOSH ~~J 

Fungus 

S.fructicola 

S.fructicola 
and 

P eX12ansum , 
P. expaJns~: 

S.fructicola 

S.fructicola 
and 

P.expansum 

P.expansWll 

S.fructicola 

S.fructicola 
and 

P.expans~ 

P.ex12ansum 

In the checks the 

Initial vol. 
before inoculation 

Fil1al heal tl-l:/ 
volu.we 

INCUB1~TOR 
( 0, TEIJ>. 30-34 C) 

147.5 62.5 

140 102.5 

137.5 1~:3. 0 

R~OM T~lIP. (20-24o C.) 

135.0 0.0 

130.0 25.0 

125.0 62.5 

COLD STORAGE TEIv1J'. (4-SoC.) 

142.5 140.5 

111.0 108.0 

147.5 142.5 

following shrinkaJge W8JS observed; 

.Anlount 
rotted 

85.0 

37.5 

0.0 

135.0 

105.0 

62.5 

0.0 

3.0 

5.0 

At 30-34oC.shrinkage from 139 to 135 cc. or 4 e.e. 

At 0 20-24 c. " " 137-133.5 c.c. or 3.5 c.c. 

At 0 4-8 C. shrinkage from 134 to 132 e.c. or 2.0 e.c. 

All volumes are given in cubic centimeters. 

Percentage 
rotted. 

57.6 

26.7 

0.0 

100.0 

80.7 

50.0 

0.0 

2.7 

3.4 
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TABLE XIX.EFFECT OF TEI-1JT;-~..A.TURE Ol:r fu~OUNT OF ROT llT TKE APPLE VARIETY 

FAlffiUSE. 

Fungus 

S,fructicola 

S.fructicola 
and 

P. expa .. nsum 

P. expansum 

S.fructicola 

S. f ru et i cola 
and 

P. expaJnsum 

P. expa,n sum 

S.fructicola 

S.fructicola 
and 

P.expanstml 

P. eX:QB.,nsum 

Initial vol 
before inoculation 

Final hea.l thy Amount 
volume rotted 

INCUBATOR TI~IT. (30-34oC.) 

120.0 19.0 101.0 

121.0 13.0 108.0 

123.0 120.0 3.0 

ROOI\J T?1U? (20 -24 0 c. ) 

103.0 10.5 92.5 

109.5 15.0 94.5 

111.0 66.5 44.5 

COIJ) STORAGE TE1J'. (4-SoC. ) 

114.0 111.0 3.0 

116.0 102.5 13.5 

124.0 120.0 4.0 

In the checks the follo~~~;·ing shrinkage was obs erved: 

At 30-34oC. shrinkage from 119.0 to 113.0 or 6.0 o.c. 

" n 104.0 to 101.5 6r 2.5 e.c. 

At '-BoC. shrinkage from 113.5 to 112.0 or 1.5 e.c. 

All vo lumes are gi ven in cubi C oentinlet ers. 

Percentage 
rotted 

84.1 

89.2 

2.4 

89.8 

86.3 

40.1 

2.6 

11.6 

3.2 
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s s+p p 
AFTER ONE \.lEEK 

AFTER T\J[] VEEKS 

,---"-"=-~~-'--- ----

FIGURE XIX. The influence of temperature on the developmen'G of 
apple rots caused by Penicillium expansum and Sclerotinia 
fructicola grown in pure culture or in association.Heavy 
shading shows growth of S.fructicola (S),light shading that of 
P.expansum.Note dominance of former in mixed culture. 
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exact line of demarcation between the healthy and diseased 

tissue, and also because the diseased tissue was not easily 

separated from the healthy.As the amount of rot in each scale 

of the bulb varied considerably,the volume of the rotted tissue 

could not be accurately determined. The relative amounts of 

rot caused by ~otrytis allii and Botrytis byssoidea. could there~ 

fore be best determined by external examination,and so this 

method was used in obtaining the data. The development of each 

rot is ShO\ln in Figure XX,where the growth of both of the above 

fungi singly and in association at the different temperatures 

oan be seen.The growth of the rot in all cases was slow,for 

nearly four weeks bad elapsed after inoculation of the bulbs, 

before the first of them was completely rotted. 

For the tomato rots charts similar to those showing the 

onion rots were prepared.A difficulty in deter.mining the amount 

of rot was encountered her~also.It appears that though externally 

a small lesion is produced by Botrytis ep_yet the entire interior 

portion of the tomato fruit is softened through its activities, 

and so the exact limits of the rot could not be determined. 

Therefore,the~r2a8Vof the lesion on the surface of the fruit 

was used as an index of growth.The results are shown in Figure XXI. 

Again,attention is drawn to the fact that temperature 

appears to be a limiting factor which determines the amount and 

kind of rot that. developes when the rot-producing fungi are 

growing separately or in association on the host.Practically 

similar results are obtained when the fungi are grown on the 
media 

host or in ~ rtifi cia .. 1 r - ,vIi tJi severa .. l importctnt excepti ons. It 

has been seen that Cladosporium fulvum ~ominates Botrytis ap. in 

artificial media,but the reverse is true on the host. 
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® 00 
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4- ~'C @ @ "~ @ 0 (!) 

FIGURE XX.The influence' of temperature on the development of 
onion-rots caused by Botrytis allii~A) and Botrytis byssoidea(B) 
when grown in pure culture and in association. 
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FIGURE XXI. The influence of temperature on the development of 
tomato rots caused by Botrytis s~.(B) and Cladosporium 
fulvum (C) when grown in pure culture and in association. 
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Discussion 

Association of phytopathogens in storage rots,at least in 

early stages,appears to be limited to one or two pathogenic 

organisms and some saprophytes on each host.In only a few instances 

were mofe than two of these pathogens associate4 in a single lesion, 

for by far the most common association appeared to be between 

parasite and saprophyte.Association occurred between various 

classes of organisms:fungi,yeasts,and bacteria.The yeasts were 

always strictlybsaprophytio,but the other two groups included 

important pathogens. 

It was found that in a few cases a surface parasite,such as 

VeAturia inaequalis,or Cladosporium fulvum WES; able to produce 

a condition in the host that enabled the rot-producing organism 

to enter.The surface parasit~did not always produce any definite 

rot themselves,but they were responsible for the development of 

cracks or other wounds in the epidermis of the apple,so that the 

secondary parasites then could enter easily and complete the 

destruction of the host. 

A characteristic rot i~ ~sually the result of the activities 

of only one pathogen in the host. This original character may be 

modified later by the invasion of saprophytes.The results are 

that a hard or spongy rot may become soft and water.y,and otten 

emits an offensive~dour.Therefore,through the activities of 

secondary parasites oA saprophytes,the original rot may be masked. 

Vlhen the decaying specimens are only slightly rotted,there is 

little danger that the primary rot is changed,due to contaminating 

organisms.Cook(19) has shown that there is a distinct suocession 

of fungi on culture media,and observations made by the writer 

and others have confirmed this finding. 
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Therefore,if the rot is far advanced, it is possible that the 

original pathogen may be- -suppressed completely in most of the 
l~ 

rotted portions, by other organisms,and these organisms can)'take 
If 

its place. 

The species of pathogens found in any one>.host appeared to be 

only slightly influenced by the variety and species of this host, 

though there has been a tendency for a definite group of fungi 

to be confined to one vOJriety of\host. In the case of apple ro tB, 

though all common varieties appear to suffer equally from the 

attacks of Penicillium expansum and Sclerotinia fructico~L_yet 

the variety Russet appears to be immune to outside infection. 

Penicillium expansum is confined to pomaceous fruits,but §clerotinia 

fructicola can be found to cause rots of both pomaceous and 

stone fruits. In the ca se of onion-rotting fungi, Vlalker (82) has 

found that Botrltis sq~umosa is confined aLmost exclusievly to 

white onions,while Botr/tis allii an~ B.byssoidea can be found on 

either yellow or red varieties,u6ually on the former. 

Temperature appears to be a determining factor in the develop­

ment of a specific rot.Fungi have definite temperature optima; 

and these optima are often widely separated,the fungi which have 

the ability to grow togetller,due to temperature effectstmay not 

always be found in association.Some fungi are favoured by high 

temperatures,others by low;and at any. temperature,when two fungi 

are associated,the organism favoured by the given temperature will 

dominate in the culture.Therefore,it is to be expected that in 

the host the fungus best suited to grow at the given temperature 

will produce its own charooteristic rot.With only two exceptionns, 

the fungi studied have followed the above rule,these exceptions 

being Botrytis byssoidea and Cladosporium fulvum.The former fungue 
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is adapted for gro"\vth at a lOVl ternper-ature, lllore trlan its associ-

ate, Botrytis allii ,which lJredominated; and at these tenlpera tures 

an abundant rot was not obtained. Similarly, though Cladosporium 

fulvum is distinctly able to grow well at a hiGh temperature, yet 

it failed to produce an extensive rot in the host kept at this 

temperature. In mixed cultures on the fruit, Botrytis sp. predomi­

nated. 

rrhe H-ion concentr~~tiol1 of the cttlture medium is not b .. lways a 

limiting factor to ~rowth or spore germination. ~ost funLi are able 

to grow and sporulate at a considerable range of pH values, but 

they are unable to do so vlhen the rnecliurn is too acid or' too alka-

line. The limit of acidity tolerated by funbi appears to be in the 

neigllbourhood of pH 1.5. lrot all fungi are aole to gro\v "veIl in the 

s&ae range of H-ion concentrations, but in all cases the fungi were 

~ole to grow at H-ion concentrations different from that of the host 

tissue. There may be some tendency for the apple-rotting fungi to 

~'1.t tack the ripe frui t because the acidi ty of the unr" ipe frui t is to 0 

h· h t§ allov.r the fungus to gro~~-f \vell. It is l.)Osr.i-ble that irarncttur-'e f'.cuit 

is 1 firm and not so readily inj ured as the ripe f·rui t. If, according 

to Heald (36) the E~1.0unt of I}ot on m8 .. ture :S .. I)ples exceeds that of 

iI!lr~ature apIJles vThen the rot is caused b~r Sclerotinia fr·ucticcla., 
<.:; 

and if, according to the findings of I.CD .. gnes-s (~nci :Ji ell1 (53) the 

amount of acid in apfles is inversely proportional to the length of 

time in storage, there rflay be an indir"ect relation bet'\veen total 

acidity ~~d tb8 &ilOunt of infection. However, Fenicillium expanswn 

attacks the fruit only when mature, although it is able to grow 

well on more acid media than can the Sclerotinia. On the other 

hand, Botrytis sp., when growing on tomatoes is able to rot Lreen 

fruit much faster than the ripe, but the H-ion concentrcLtion re-

ma~ns practic~lly unchanged. 



-126-

In mixed cnmtures on artificial media paant pathogens Borne­

times exhibit a tendency to suppress the growth of associated 

fungi. This has been observed in cultures on artificial media of 

~e~i~illium eXKansu~ and Cladosporium fulvumwhich fungi were able 

to cause almost complete inhibition in the growth of Sclerotinia 

fructicola and ~:,trytis sp., respectively. In the association of 

Botrytis alli1 and B.byssoidea, there did not appear to be any 

inhibition of either fungus,if the environment was favourable to the 

groy:th of both. The factors of acidity, temperature, and the amount 

of inoc-'-~lum,however,are not always Optili1WTI for the growth of both 

organisms,so that the one more favoured by any of these factors is 

better able to grow in the mixed culture on artificial media, while 

the growth of the other isless,though not neeessarily. 

The inhibition of the grov~h of these fungi,which is at times 

reduced under an environment apparently favourable to the growth 

of fungi, is probably due to tlle influence of some toxi c sUbstance 

other than acid.Acidity of the medium influences the gro~th of 

fungi considersbly,but in the above fungi inhibition of growth may 

have been due to the presence of toxic sUbstances or to the lac k 

of available foods, though it has been shown bJr exp.eriment tl1.at the 

former factor is r~esporlsible for the il'1.n.ibition.Even though small 

amounts of the toxic medium were added to large amounts of freSh 

medium,a definite de~rease in growth occurred with some fungi 

which were tested.Autoclaving or neutralizing the medium did not 

induce any increased grovth,and in no case did such treatment 

completely restore the medium. 

The addition of a growth accesory sUbstance in the for.m of 

onion extract did not cause any increase in growth of Botrytis allii 

in Richard's nutrient solution,though various amounts of the 
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extract were added to the culture flasks.Similar quantities 

added to cultures of Ervfinia caratovora caused a noticeable 

increase in growth. Similar results were obtained when various 

plant extracts were added to cultures of Azotobacter chroococcum 
• • 

and ~izobium radicicolum growing in Asby's Nitrogen-free medium. 

The experimental work performed has been sufficient to show 

tl1.at association of phytopatll0gens commonly occurs in nature, 

but that the combinations of the factors involved are very complex. 
e 

The type of association is found to vary with differnt organisms 

and different environmental conditions. This involves a considerable 

expenditure of time and labor,even though associations of two 

orgaJnisms at a tiLle are studied in detail.It was f@und that 

an increased number of these organisms in a mixed culture would 

render the analysis of the relations a very difficult one. More 

work is necessary to det ermine the effects o~~jenvironmental 

influences,for these appear to be the salient ones. 
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S11mmary and Co.~clusions. 

The phytopathogens used in the experimental work during th£s 

investigation were those causing rots of stored fruits and veget­

ables,and of green-house tomatoes. 

Association of phytopathogens has been observed in a large 

number of hosts. These pathogens may be associated with others, 

or with saprophytic organisms which usually follow the pathogens 

in their advance through the host tissues. The relations in all 

cases are complex. 

Even though the pathogens may produce a certain result in 

artificial media,~totally di~ferent result may occur on the 

host. 

Association of phytopathogens in artificial media may produce 

different results when different organisms are associated, those 

results being controlled by several factors,such as temperature, 

H-ion concentration,the amount of inoculum.When in the host,the 

results are controlled by tI1.e tenlperature, and the order in which 

infections take place. 

Several types of association eXist:{l) when one organism 

causes complete inhibition of its associate in ar~ificial media; 

(2)when there is mutual tolerance between the associated organisms 

on culture media; (3)when one organism may inhibit the secordin 

artificial culture,but when the same fungus is on the host it may 

be slo1;v in gro","~~th and follows in the secorul t s wake. 

The H-ion concentration has no mB.,rked influence upon assoc­

iation,although sometimes zhe inhibited organism can grow in a 

culture medium of which the H-ion concentration is such as prevents 

the growth of the irillibiting organism. 
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Te;,'l:perature is a lilili tine factor in c~ssociCl. tion of phyto­

pathogens. Usually the res1..11ts are si1'.'};lar \ .... Jrn .. en t\~.TO 
-- -..&. orGani ELlS are 

grown tOGether on tile host or in artificial cuI ture LlcctiCl.. The 

temper&ture can t" scme J.mes U e favour[!~bl e to t~J.e inhi-bi tine or'can-

ism, so tha tit L1B,,"\T g"'rov'l vrell ]." n . d 
J 1~1lze culture, ~-,,-11en at or-uinary 

temperatures (20 - 26 oC.) it be tot8 .. 11y sur/pressed. '.rilerefore 

it may be expected th8 .. t tl1e rate of rot CB.,n be con1lJ8 .. reci to. tile r~ate 

of gronth in culture, and TIhere tUG pathogens sre associ~ted in 

the host the one most suited to ~row at G given temperature will 

dornirl~tte [1"nd produce its OYTn characteristic rot. 

~'lle amount of inoculurn. in artlfici8,,1 cul tLII'e ]." c..: .... ' c~11otl1er' limi t-

ing factor. One organism may become completely suppressed if tlie 

ar.l0unt of the inoculurn of the second is in excess of tIle first, or 

in other i,·vords, an inllibi ted organism if: able to bI'OV,r vlell if tIle 

inoculum of tllat organislH is in exceSL of the inoculum Ol the 

inhibiting organism. The latter can also gro~ in the mixeti culture 

and eVEntually prevents ftll~tller grov/th of its V!eakE;r as~ocic:.te. 

The inhibition of one organism by another is found to be uue 

to some toxic suostances other than acid. An analysis is required 

to show the nature of these toxic sUbstances. Some of the inhibi-

tion of grovlth maJT be due to acicli ty oi' tl1e TIlec.iwu; or- to the un­

equal assimilation of avail~ble foods from the media by the or­

ganisms groviing on it,causing the starvation of one organism. 

The addition of vegetable extract C;.oes not ca,use any visi.ble 

increase of fungous groTIth, although a more positive rEsult is 

obtained in bacterial cultures to which this extract has been addea. 

The phytopathogens studied in the course of the a~ove investi­

gations Vlere unable to gro\v \vell in the absence of free-oxygen. 

The addition of peroxidase in the form of sterile, raw potato-tuber 
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tissue did not change this condition,though in cultures of aerobic 

bacteria the addition of peroxidase from this source allowed 

growth to take pJace. 

Spore germination has been found to be affected by tempera­

ture,H-ion concentration,and the type of meciium.Spore germination 

is decreased when the above factors are 'extreme. 
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