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INTRODUCTION

Black rot (Cuignardia bidwellii (Ell.) Viala et Ravaz) is the
most widely distributed and serious disease of grapes east of the
Rocky Mountains.

The disease attacks all green parts of the vines, including
leaf blades, petioles, tendrils, shoots, blossoms, and fruits., Fruit
infections are responsible for most of the damage of economic impor-
tance,

Varieties of grapes commonly grown in Oklahoma are, for the most
part, susceptible to black rot. The only practical control of the
disease has been through the use of carefully timed applications of
fungicides.

One of the cbjectives of the grape breeding program in the
Oklahoma A & M Department of Horticulture has been to develop a
satisfactory table grape with resistance to black rot. That resis-
tance to this disease is avallable has beendemonstrated by Demaree
et al. (7), Barrett (4), and Munson (22).

In order to test the large mumbers of seedlings resulting from
the breeding program in Oklahoma, it has been necessary to develop
a satisfactory inoculation technique. An adequate and satisfactory
source of inoculum has been the principle impeding factor in the
development of such a technique. While overwintered grape black rot
mummies have been successfully used as a source of inoculum these
are not always available in the quantities needed for inoculation
work.



The purpose of the present investigation was to find some means
of inducing the fangna, Lo bidwellii, to sporulate in culture so
that a contimuous and readily available source of inoculum would be
at hand for testing large numbers of grape seedlings for their reaction
to black rot. The approach to this problem has been primarily one
of investigating the various factors, nutrition, hydrogen~ion concen~
tration and btemperature, known to influence sporulation in other

fungi.



REVIEW OF LITERATURE

Several investigators working with the black rot fungus, G.
bidwellii, have experienced difficulty in obtaining cultures which
would continue to sporulate and produce infection when used for
inoculation. The results of such investigators as Reddick (25),
Luttrell (19), and Barrett (4), dealing with the sporulation of the
black rot fungus in culture, and incculations, have been contradictory
and for the most part inconelusive,

Reddick (25) in his two years of inoeulation work with the black
rot fungus used ascospores and pycnospores derived from mummied grapes.
Infection was never induced even though thousands of inoculations
were made onto berries, leaves, and stems, both indcors and out-
doors in humidity chambers.

Viala and Pacottet (35) were able to isolate G. bidwellii from
infected berries by aseptically removing fragments of pulp invaded
by the mycelium. The medium used was unfermented grape juice
sterilized at a low pressure. Sporulation was always abundant
providing the cultures were grown on unferrented grape juice before
being transferred to a liquid or solid medium containing 5 parts
per liter of an organic acid and 20 parts per liter of glucose.

Among the inorganic acids, phosphoric induced sporulation while nitrie,
sulfurie and hydrochloric supported only vegetative growth.

Luttrell (18) was able to grow G. bidwellii f. euvitus Luttrell.
and G. bidwellil f. nuscadinii Luttrell. on 3 per cent malt agar
with the formation of pycnospores in 3 or 4 days, providing the



gultures were derived from naturally infected material. Cultures
_mhtdentluﬂnttrmfw,butwtmamm-n.
.Inhhmrkﬂthbhakrotmth-mprd;rw,Lﬂtﬂu
(19) was able to induce infection on potted grape seedlings providing
8 moist chember was used for 48 hours. In all inoculations the incculum
was prepared by macerating pyenidia from cultures or from host leaions
in sterile tapwater.

Luttrell (19) was able to demonstrate further thet G. bidwellid
exists in three physiologic races: Q. bidwellii f. suyitis Luttrell.
pathogenic to native bunch grapes ani Jitls labrusca Linn., Y.
bourquing Munson ex Viala and to Y. yinifera Linn.; G. bidwellii f.
muscadinii Luttrell, pathogemic to muscadine grapes, (V. rotundifolia
Miehx.), and to ¥. yinifera; and G. bidwellii f. parthemoeissi Luttrell.,
pathogenic to Virginia creeper, Parthenocissus guinquefolia (%) Planch.
and Boston ivy, P. tricuspidata (Sieb & Zuce.) Planch,

Barrett (4) tried various media in an effort to induce sporu-
lation of G. bidwellii and found malt extract plus thiamine, 50 ug
per liter, produced heavy sporulation., Without thiamine the fungus
would not sporulate on a second transfer., Lima bean agar and bean
broth as a liguid medium also gave good sporulation. Inoculations
using inoculum from cuitures were not successful on any species,
selection or clone of grapes; however, inoculstions were successful
on many species, species combinations, elones and selections of
grape if the inoculum was derived from natural sources., A simple
and efficient method for inceulating grapes was employed by Barrett (4)
and conasiste primarily in atomizing a spore suspension, derived from
infected grape berries or leafl lepigns onto the foliage of grape



seedlings susceptible to black rot. After inoculation the grape
seedlings were placed in special humidity chambers for 48 hours and
then incubated for 1, days.

Barnett et al. (3) and Lilly et al. (14) in their studies on the
sporulation and physiology of G. bidwellii, report this fungus as
sporulating on a synthetic medium where maltose and anmonium tartrate
were used as the carbon and nitrogen sources. Inoculation of favorable
agar media, either with myceliwm or a few conidia at one point, resulted
in abundant sporulation after 10 to 20 days. Where a heavy suspension
of conidia was used as a source of inoculum for plates, sporulation
occurred in 3 days. In a later paper, Timnick et al. (31) retracted
this work when the organism which had been used in the physiological
investigations was discovered to have been Melanconium fuligineum
(Seribner & Viala) Cav. instead of . bidwellid,

Reviews on various phases of investigations concerning nutri-
tional stwdies on the fungl have appeared from time to time but among
the more comprehensive have been those by Steinberg (29, 30) and
Lilly and Barnett (16), who include the nutritional requirements of
fungi from the standpoint of carbon and nitrogen compounds as well
as mineral and vitamin requirements for growth and repreoduction.
Riker and Riker (26) have listed several methods which have been
used successfully in inducing different fungi to sporulate in culture,
In general the following are factors which have been found to affect
sporulation: eoncentration of medium, carbon and nitrogen sources,
carbon/nitrogen ratios, essential micro elements, vitamins, and
environmental factors.

Leonian (12) investigated the physiological relations of some



twenty representative members of the Sphaeropsidales and organized
them into groups which were typical in reaction from the standpoint

of pyenidium production. Among the factors he found influencing

sporulation were presence or absence of light and concentration of
matrients, A high nutrient concentratiocn or a sudden increase in
nutrient concentration generzlly favored fruiting. Not only the

amount of nutrients but the proper balance between the constituents
of the medium was essential for maximum sporulation.

Various nitrogen sources have been reported as inducing fungi
to sporulate, for example, Mix (21) states that Phyllosticta solitaris
E. and E, will sporulate utilizing nitrate nitrogen. Lilly and
Barnett (15) list Phoma betae Fr., Septoris nodorum Berk., and
Choanephora cucurbetarum (Berk., & Rav.) Thaxt. as favoring various
sources of nitrogen for sporulation.

Specificity of carbon sources for sporulation alse occurs for
some of the fungl and has been indicated by Hawker (9) who reports
Melanogpora destruens Shear as utilizing glucose and fructose for
sporulation, Mix (21) states that Phyllostictia solitaris utilizes
various hexose sugars for the production of pycnidia, Timnick et al.
(32) state that Diaporthe phaseolorum (Cke & Ell,) Sacc. var.
batatatis (Harter & Pield) Wehm. utilizes lactose for the production
of perithecia,

Westergaard and Mitchell (38) have indicated in their work with
Neurospora crassa Shear and Dodge that the ratio of carbon and
nitrogen in a medium may also influence the ability of an organism
to sporulate in culture.

Essential micro elements have also been reported as influencing



the rate of sporulation by certain fungi. Extensive work on this,
using Aspergillus niger van Tiegh. has been reported by Steimberg (30).
Perlman (2L) has sunmarized the data on the micro nutrient requirements
of the fungi.

Improved sporulation because of added vitamins has frequently
been observed. Barnett and Lilly (2, 1) report thiamine as improving
sporulation of Ceratostomella fimbriata (Ellis and Halst.) Elliott

while biotin affected sporulation of Sordaria fimicola Ces. and De Not.

A review of vitamin requirements of fungl has been presented by Robbins
and Kavanagh (27).

Of the envirommental factors which have been used to induce
sporulation, temperature, light, and hydrogen-ion concentration have
been the most important. Barnett and Lilly (2) in working Wi th
Ceratostomella fimbriata induced perithecia and ascospore formation

at 25° ¢ within 11 days, while perithecia failed to form at 18° C for
60 days. Mathur et al. (20) reported that 15 to 20° C favors conidium

formation by Colletotrichum lindemuthianum (Saec. and Magn.) Bri. and

Cav. in culture. Henry and Andersen (10) state that a temperature of

28° C was optimum for sporulation of Piricularia oryzae Cav. while

lower or higher temperatures of incubation decreased the number of
spores produced. Light has often appeared as a factor which helps
induce sporulation. Leonian (12) has shown that Sphaerographium

fraxini (Pk.) Sacc. produced pycnidia in light at room temperature,

while no pycnidia were formed in the dark at room temperature. Some

other organisms forming pyemidia at 8° C were: Melanconium betulinum Schm.
& Kz., Naemospaera sp., Pestalotia guepinia Desm., Phoma urens E. & E.,




Phyllosticta opuntiae Sacc. & Speg., Sphaerographium fraxini and
Sphaeronema pruinosum B. & C. According to Coons (6) light favered

pyenidial formation by Plenodomus fuscomaculans (Sace.) Coons.
The hydrogen-ion concentration of a basal medium, is another

important factor to be considered in inducing various fungi to
sporulate, Lilly and Barnett (13) state that Sordaris fimicola

would not form perithecia until the pH of the culture medium was 6.5
or more. Lockwood (17) studied the formation of perithecia and asei

by Penicillium (Carpenteles) javanicum van Beijma, Aspergillus

herbariorum seor minor (Mangin) Thom and Church, and Chaetomium
globosum Kunze in buffered media of various hydrogen-ion concen-

trations and found that from a pH of 2.1 - 2,5 the perithecia produced

asci with few ascospores or nore at all,



MATERIALS AND METHODS

The isclate of G. bidwellii used in the present investigation
was originally derived from a single pycnospore in 1951. This culture,
Ia, had been maintained under sterile mineral oil and was morpholo-
gieally unchanged from the original. That the culture was still
pathogenic was established in the spring of 1954 when spores were
produced on a bean decoction medium and used te inoculate susceptible
grape seedlings. Unless otherwise specified, this culture is the one
used in all the following experiments.

In order to study carbon, nitrogen, and vitamin nutrition of
the grape black rot fungus, it was necessary to select a basal
synthetic medium on which the organism would grow well. On the basis
of preliminary observations a modified Czapek's medium was chosen.
The composition of this medium was as follows:

KHOPOY = = = = = = -== 1l0g
N0y -~ - cocwe=== 20g
MgS0) =~ - wwmeecwe 05g
FeSl) «wwwwcawcaa 0,01lg
KCL - - ----= 0,02¢g
Glucose « = « = = = « = 10,0 g
Thiamine hydrochloride - 100 ug
Biotdn = = = = = = = == 5 ug
Distilled water to make 1000 ml

The salts used in preparing this medium were of analytical

reagent grade. Amino aclids, vitamins, and certain carbon sources

9
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used in later experiments were obtained from the Nutritional
Biochemicals Corporation., Thiamine and biotin were added to the basal
medium because, from preliminary observations, they seemed to promote
better growth.

The basal wedium was prepared in lots of 10 to 20 1 and the pH
was adjusted to 4.5. In individual tests the proper amounts of
carbohydrate, nitrogen, organic acid, or vitamin were added to
separate aliquots of the basal medium, This insured that the basal
medium for any given test was uniformly the same,

Six-ounce glass prescription bottles with cotton plugs and
screw caps were used as culture bottles. Before each use the bottles
were treated with potassium dichromate-sulfuric acid cleaning solution
and then rinsed four times with distilled water and dried, To each
bottle was added 50 ml of medium., Sterilization was carried out in
an autoclave at 15 1lb steam pressure for 20 minutes, except with
the several carbon sources which were sterilized separately at 10 1b
for 20 minutes. The bottles were rervoved from the autoclave as soon
as the pressure was down to prevent possible caramelization of sugars,

The fungus for seeding bottles or plates was grown on potato-
dextrose agar slants for 5 days at 29° C, Bottles to be seeded were
allowed to stand 48 hours following sterilization after which time
the fungus myceliuz was added to each in pileces approximately 2 rm
square.

Behavior of G. bidwellii on the various liquid media was
evaluated by observations for possible spore production and by deter-
mining dry weight of the mycelium produced. Mycelium was harvested
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by filtering onto pre-dried and weighed filter pzpo:;, washed with 100

ml of distilled water, and dried in covered petri dishes at 90° ¢

for 48 hours. After drying, the mycelium was kept in a dessicator

until weighed. An analytical balance was used for weight determinations.
In certain experiments the fungus was grown on solid media,

Here observations were made for sporulation and growth was evaluated

by periodic colony diameter measurements.
Other materials and methods used to a limited extent are indicated

in the appropriate section,



EXPERIMENTAL RESULTS

A. Inoculation and isolation technigue
Viala and Pacottet (36) stated that the black rot fungus had

sporulated well on a medium of bean juice plus sugar and organie

acid, Such a medium was prepared to test the behavior of the black
rot isolate with which we were dealing. The ingredients of the
medium used were as follows: decoction from 200 g of dried beans,

20 g sucrose, 2.5 g tartaric acid, and distilled water to make

1,000 ml. This medium had an initial pH of 3.0 after autoclaving,
Cultures in this medium were incubated at room temperature, approxi-
mately 20-28° C, and observed at about weekly intervals for spores.
By the end of 56 days the fungus was sporulating well. Inoculum was
prepared from these sporulating cultures by macerating emtire cultures
in a blender. The resulting suspension of spores and chopped mycelium
was atomized onto four black-rot-susceptible grape seedlings in the
greenhouse., A clear plastic bag containing a wad of wet cotton was
pulled over each inoculated plant and tied firmly to close the bag.
The bags were left on the plants for 48 hours. During the course

of this experiment the greenhouse temperature was averaging 90° F,
daytime,

Fifteen days following inoculation, a single black rot lesion
appeared on each of two leaves of one plant. These lesions were
removed, pieces of them surface sterilized in sodium hypochlorite
solution, and plated onto potato-dextrose agar. After 3 days incuba-
tion at 29° C there were abundant spores on the dark colonies which

12 !



had grown from the leaf tissue. Transfers of sporulating colonies
to potato-dextrose agar and cormmeal agar continued to sporulate
abundantly; transfers of sporulating colonies onto oatmeal agar,
grape-berry decoction agar, lima bean agar, and prune agar all failed
to sporulate. Subsequent transfers to potato-dextrose or cormmeal
agar failed to produce spores. In other words, sporulating cultures
could not be induced to continue sporulating past the first transfer
from the original culture., This same phenomenon was observed by
Luttrell (19). Both Reddick (25) and Barrett (4) report isolating
the fungus and from Reddick's work it is not clear whether or not
sporulation continued past the original culture. Barrett reports
that only some of his cultures sporulated on original isolation and
none sporulated past the first transfer without the addition of
thiamine hydrochloride to a malt extract agar medium,

In the present investigation spores from a first transfer on
cornmeal agar were used in suspension to inoculate susceptible
grape seedlings. By the end of 15 days there were many lesions
evident on leaves of these plants. The fungus isolated from these
lesions behaved in a manner similar to that described above with
respect to producing spores,

That the isclate of G. bidwellii with which we were working was
unstable is indicated by the varistica in the several enltares
isolated from inoculated plants Fig. 1.



Fig. 1. Colonies isolated from a black-rot leaf

lesion after 3 days at 29° ¢. Note white sectors in
colonies,



A characteristic colony is black and soon comes to have a surface
erust. Many colonies isolated were completely white and many of the
black colonies produced white sectors. These white colonies or
sectors were never observed to sporulate under any circumstances; as
they grew older, they became progressively grayer and finally, in
about 10 days, turned black, However, they still did not sporulate.
Transfers from colonies or sectors which were originally black were
apparently stable., The variations noted were observed only when
this organism was first reisolated from diseased tissue or when it
was grown on a decoction from green beans. Barrett (4) also notes
the black rot fungus as isolated from diseased tissue as being very
unstable,

The fact that typical black rot lesions were produced by inocu=-
lation on leaves is perhaps worth noting since the success of other
workers in this respect has been quite variable. Reddick (25)
reports having made several thousand inoculations, presumably some
with spores derived from cultures, with all of them yielding nega-
tive results. Luttrell (19) mentions no difficulty in infecting
susceptible grapes using pyenospores grown in cultures. Repeated
attempts by Barrett (4) to infect grape plants with the black rot
fungus, using spores from cultures as inoculum, met with failure,

It has not been possible to work further with sporulating cul-
tures of the black rot fungus inthe present investigation. Since
the early success with the bean decoction medium all attempts at
indueing sporulation at other than trace levels have failed.

Several attempts have been made using finely chopped mycelium
of G. bidwellii as inoculum but these have never produced a single



lesion on‘susceptible grape seedlings. Successful inoculations
have been made many times using macerated black rot mummies from
the previous seasons grepe crop. Hummies held several days in moist
plastic bags before being used have generally given best results.
Even this teehnicue though has not aslways resulted in infection

ont grape seedlings.

s



B. Temperature relations
It is a well established fact that temperature is an important
factor in growth and sporulation in the fungi. For G. bidwellii,
Viala and Pacottet (37) havs reported optimum temperatures for -
growth and sporulation over a range from 20° to 30° ¢, They found
pycnidia produced over a range from 12° to 35° C, At the lower
limits about 1 month was required for the appearance of pyenidia,
while at temperatures from 20° ypward only 3-10 days were necessary.
Temperature relations of the isolate of G. bidwellii used in the
present work were investigated on two different media, Czapek's
basal and bean decoction. The media were made as previously outlined
and the pH of each adjusted so that after autoclaving the Czapek's
had a pH of 4.6 and the bean a pH of 4.5. Seeded replicates were
incubated for 15, 30, or 45 days at temperatures of 14°, 18°, 220,
26°, 29%, and 32° ¢, Five replicates were harvested at each time
period at each temperature and handled as previously described to

deternine growth as measured by dry weight of mycelium. Observa=-
tions for sporulation were also made.

17



Table 1. Effect of temperature on the growth of §. bidwellii after
30 and 45 days on two different media,

Temperature Dry welght of mycelium after stated number of days:
: 30 L5
Bean Czapekls __ Bean Czapek's
°c. ng mg ng g
1, 70 19 125 22
18 83 2% 187 28
22 83 28 193 25
26 145 31 198 3
29 158 37 202 3h
32 59 17 86 12

The results of this experiment are presented in Table 1. Data
for the 15 day growth period are omitted because growth at this time
was so slight that it was considered of no significance, It will be
noted from these data that on the Czapek's medium the fungus grew an
apparent optimum amount over the range of temperatures used except at
the extremes, After 45 days, growth on this medium was essentially
the same as that at 30 days. On the bean decoction medium the fungus
eontimued to produce appreciable amounts of mycelium up to 45 days
when the experiment was terminated. At the 30 day period on the bean
medium the optimum temperature for growth is between 26° and 29° ¢,
while at the 45 day period good growth resulted over the temperature
range except at the extremes. Growth data br the subsequent experiments
29° C was used as the temperature for incubating cultures.

At no temperature, on either medium for any of the time periods
involved, were spores observed. Cultures on both media incubated at

29° ¢ continued to be negative for spore production wp to 75 days.
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C. Effect of pH on srowth

‘Since the work of Viala and Pacettet {37) had indicated that pH
night be a fastor in growth and sporulation of the blaek rot fungus,
it wag considered important that this be investigated. Purther, in
order to conbtinue with other physialcgiéal investligations it was
important to deternine the pH relaticns of this fungus.

Two media were used in this experiment, the basal Czapekls and
bean d ecoction made as previously deseribed. fydrogen~ion concen
tration was adjusted either with 1 molar sodium hydroxide or tartarie
zcid over a range from pH 3.0 bo 7.0. Imitial pH values as recorded
in Table 2 were weasured following autoclaving of the medis., Sinece
the time period for epbimws growbh of the fungus was not known, replie
cabes ou each medium were harvested at each of 4 time perieds, 15, 30,
L5, and 60 days. Throe replicates were harvested st each pH for each
of the various btime pericds. Since there was very close agreement
between replications at each measurcment only average pH vélues énd
dry weights are recorded. ALl cultures were incubated at 29° ¢,

Results of this experiment are presented in Table 2. &= will be
noted from thess data there is no single initial pH that produces a
distinet optimmm of growbth. There is evident, however, a range of
pil over which this organism grows better than at lower or higher
initial pH levels. This raﬁge extends from pH 4.5 through pH 5.5.

48 might be expected the opbimmmn pH level for growth varies slightly,
depending on the mediuwm, The opblimum pH in Czapek's medium is slightly

higher for certain growth periods, viz., 15 and 30 days, than is the

20



ontimum $n besn decostien. In genorsl there seenms Lo be s temdency,
as indicoted by final pH readinge, for the pll values of vach medium
to drift fros the extremes of the Initisl range used toward an average
Table 2. Effect of pil on the course of growth of G. bioweliil on

twe ddflerent nedis after esch of four tize nericds nith
o of red:i wn for mcb period.

Bean decoction medium

Initial pH Average dry weight of mycelium Average ph after
after stated number of days: stated number of days:

1530 35 8o 35 30 §5 20

g mE g mg ph pH pH i
2.9 36 61 28 19 340 30 2.0 Lo U
3k 3’9 12 83 5}9 3.5 3.3 A.S hody
Le5 &5 92 g6 176 Leb A .‘.1.. . 5e2
5.0 &1 G4 &9 19 4e @ el 3.8 6.8
BB L4 79 97 l8¢ Be5 5.3 4e§ 6.7
Cel B2 &7 115 152 5.9 dre 5 fpeld Hed
é‘.ﬁ 71 67 8} 7& 6.5 5.5 i}.ﬁ 701
6,9 52 = 51 86 31 Ge? &e3 5e5 Totd
ERE A é 9 1 3.0 3.2 3.1 Ll
345 & &8 iz 2 35 Ferd 2.5 35
3.8 13 iy 5T 1 3.8 Hek B 5.9
he5 19 22 o6 135 Le5 3ol 3.2 el
5.0 17 35 41 104 5.0 3.1 3.1 3.2
3.5 i7 29 39 g 5.8 3.1 SeZ be3
Gold i7 27 a8 ¥ 6.0 3.2 Fe2 L9
«’6.5 1 lg 3?' 76 605 3’6 3055 3-3

& zrowbh period of about 30 days woe later cheosen zs the peint

to terminate most of the experizenis measuring growth on a i if}lﬁ,d

nediun, While this time pericd did not produce maxinmum yields, as
will be noted in Table 2, the anount of growth with the severzl

initial pi wvalues io relatively the same ag for the 60 day perdod



when the highest yields were obtained.

In Fig. 3 the data for the 30 day period are presented to show
the effect of the varying initial pH levels on growth.

No sporulation was observed at any pH level regardless of the
time period. Observations were made up to 75 days at all pi levels,
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De Optimux Growth Determinations

In order to establish the conditicns under which it might be
expected that G, bidwellii wwould grow best in ewlture, it has been
necessary, among other things, to dobtermine an opbimun growth-time
seriod, That is, after kow long an incubation period caﬁvgrowth of
this fungus be expected to reach an opticum? Admlttedly such a
growbh~time period ecstablished for s given seb of conditione might
be subject to varistion as the several environmental or nutrient
factors were varled, .

In preliminary investigations on the ability of G. bidwellii to
utilize various ecarbon and nitrogen sources and befors the opbtimum
tive period for growth had been deteimined, culbures were harvested
at 10 day iutervals over a period of 60 days. Hesults of these studies
revealed that there wae wore growth abt the end of 10 dsys than at the
end of 20 snd more at the end of 30 days than at 20, At the end of
40 days growbh was sboul the szave as it had beenfor 30 days. In
other words, s¢ revenlad by these experiments, this fungus scemed
te have more than one optimum growbh perieod.

Ths objective of the experiments to be presented in this section
was twofold: (1) Lo determine insefar as possible an optinmw incue
bation period for evaluating growbh, and (2} to deternine whether or
not there was & single growth~-time optirum or seversi.

The culture medium used was (zapek's made as previously describsd.

This medium was used alsc with gvmwonium tartrabte, 1.7% g per liter

£

substitubed for Nalil3 as the nitrogen source. This substitublon was

nade on the basis of 2 preliminary evaluation of nitrogen scurces in
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which ammonium tartrate was found superior to lm:. Each of these
two media was adjusted so that after autoclaving the pH was 4.6,
Five replicates were harvested on each medium at each time interval,
Cultures on the Czapek's basal medium were harvested at 5 day intervals
from 5 through 35 days while those on the medium with ammonium
tartrate were harvested at 48 hour intervals from 12 through 34 days.
Dry weight of yields was obtained as previously described, In the one
case yields were not taken before the twelth day because growth was
not sufficient to measure,

Since the data on the Czapek's with ammonium tartrate are the
more detailed and since the results on Czapek's with NalO3 show
essentially the same trends, those data from this latter medium are

not presented.

Table 3. The course of growth of G. bidwellii over a 34 day period
at 29° C on Czapek's with ammonium tartrate as the nitrogen

source,
Incubation time Av. dry weight of mycelium
days ng
12 0
14 12
16 8
18 5
20 2
22 9
2y 13
26 11
28 20
30 17
32 26
34 22

The data as presented in Table 3 and Fig. 4 show that, under
the conditions of this experiment, this fungus, G. bidwellii, has



no clear cut single optimur growth $ine perded. Rather, there ave
s succnsaion of four optima deronstrated within the tive linits of
this experizent; prosumably there might be sors than fowr 47 the

experinent had been continued beyeond 34 days, The cbeervation frow

pre}livdnary experdwents Lhed, st lesst under certain conditions, this

organien has several growthe-opbious tive pericds ls confimmed. From

these data 28 days was arbitrarily ehosen as the optdmun growbh-

time peried to be used in subsequent work.
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In an attempt to obtain further information on the apparent
multiple growth optima, growth rate determinations were made on
several solid media with G. bidwellii., Potato-dextrose agar and
Czapek's agar, with amconium tartrate substituted for Nall03, were
used in glass growth tubes as described by Ryan et al. (28) teo
measure the linear growth rate of this fungus. The potato-dextrose
agar was adjusted so the pH was 4.8 after autoclaving; pH of the
Czapek's agar was L.5. Two tubes of the potato-dextrose medium and
five of the Czapek's medium were incubated at 29° ¢ following

seeding. Linear growth was measured in mm at 48 hour intervals as
indicated in Table 4.

Table 4. Linear growth of G, bidwellii on potato-dextrose and Czapek's
at 29° ¢ over an 18 day period.

Incubation Linear and average increase in growth on each
time of stated media:
Potato-dextrose _ Czapek's
days mn av, mu increase mm av, mu increase
2 0.0 0.0 0.0 0.0
A 16.0 16.0 2.0 2.0
6 29.0 13.0 4e0 2.0
8 33.0 4.0 7.0 3.0
10 41.0 8.0 9.0 2.0
12 53.0 12,0 10.0 1.0
14 67.0 14.0 11.0 2.0
16 73.0 6.0 14.0 2.0
18 81.0 8.0 n.o d 0.0

The same two media plus a 3% Difco malt extract agar were used
in petri dishes. Twenty-five ml amounts of medium were used in each
dish. Plates were incubated at 29° C after seeding. On Czapek's
agar colony diameter measurements were made for each of 2 diameters
at 48 hour intervals and average diameters determined. On the other
2 media average colony diameters were determined at 5 day intervals.
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Un each medium at cach time interval 5 replicstes were used,
- The data for growth on the solid medis arc presented in Table §
and Pig. 5.

Table 5. Radial growth of G. bidwellli on Czapek's, malt extrach
and potato-dexbrose agar at 299 ¢,

Incubation Yean coleony diameber and increase in cismeter

tine on aach of stabed media
Czapek's , Halt PDA
days m ma a3 mm © mm rm
inerease increase increase
2 @! G 0. 0
3
b 0.0 0.5 ‘
6 1.1 0.6 |
T
8 2.9 1.8
9 , .
%‘i 11.9 9.0 16.7 16,7 51.9  37.3
i3
iI; 1440 0.8 , o
16 4.8 0.8 | ?
17 : ‘ '
18 1946 k.8
19 v
20 2.5 8.1
2

It will be noted from these dats that the pattern of growth on
the solid medis has some of the saﬁzxe features as were previously
demonstrabed on liguid media. While there is not a measursble loss
in growth on tﬁe solid media, there are very definite periocdie
fluétnatims in growth as measured by rate of increase in cclony size,

fin none of the media, lizuid or solid, or under any of the

conditions tried in the entire foregoing section was the fungus,



G. bidwellii, observed to sporulate.
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Fig. 5. Average linear increase in growth at 48 hour
intervals for G. bidwellii on potato-dextrose and Czapek's
agar at 29" C for 18 days,



In previous experiments dealing with temperature, hydrogen-ion
concentration, and optimum growth period, the black rot fungus was
never observed to sporulate. Since the source of carbon in a medium
has been demonstrated (11, 12, 29, 30) to influence sporulation in
various fungi, the possibility of inducing G. bidwellii to sporulate
by varying the carbon sources was considered,

The Czapek's medium as originally described in section III was
used as the basal medium. Carbon sources tested were: monosaccharides-
L-arabinose, D-glucose, L-serbitol, D-xylose, D-galactose, D-mannose,
L-sorbose, disaccharides-maltose, lactose, celloblose, sucrose, tri-
saccharide-raffinose, polysaccharides-soluble starch and glycogen.

All were of analytical grade and were used in amounts calculated to
have the same amount of carbon as that contained in 10 g of glucose
per liter of medium., Each carbon source was used separately.

Experimental methods and procedures were theose already given in
section III, cnltmsoauchurbmmmmin;tripuuh
at 29° C for 28 days. ‘

The results, using each of these 14 carbon sources individually
in the Czapek's basal medium, are presented in Table 4. Mean dry
weights of mycellum are presented in each case because the variation
in measurements between replicates was of no significance.

The statistical analyses on these data were done by the Statisti-
cal Laboratory of the Mathematics Department. An analysis of variance
was run on the original data and a least significant difference value
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caleulabed to goppare the means. Using the L. 8. U. valus the nesns

were broken Into the L groups presented in Table G.

Table 6., Fesponse of Q. bidwellil in Czepek's redium to each of 14
garbon sourcss as shown by dry welights of wyeelims mroduced,
Statistieslly significent groups of csrbon tources are

Carbon T av;'&ry welght of T Htatisticsl: §}
SCUres mycelivm significant mroups
at 0% lewsel

g
Celliobiose 15,10
Dellugose 18,17
Haltose 17.33 Group I
Sugrose 16.00
Agffinose Yieid
Lactose 14,23

Flyeogen 11,00
Starch 10,30 Sroun II

D=Mannose 2,60 )
D-Sorbitol Se83
D-Zylose L G0

l~trabinose 4o 33 Gronp iIX
D-talactose . e 57 ,
I=-Sorbose =57 Group IV

Takey's test (33) was used to establish the validity of aach group and
then & "% test was used to esbablisk Lthat there was no significance
between means within a group.

43 csn be aeen from the duta in Table 6, G, bidwsllii is not
particulsrly exact inlts corbon source reguirezent. %While no one
carkon source apssars cubstasnding, the several in Group I, st least,
are superior to those in Groupe II1 and IV. HBecsuse of the relutively
low values obtalned here and elsevhere; c. Sy 3 welght of 19.1 mg
is the highest, there zight be a question as to the biclogical sipgni-
ficanve of these data. o spores were observed with any of the several

¢arbon sources im the bassl Usapekts medium up to 40 days of incubation.



F., Utilizatlon of Hitrogen Sources

3ince manipulations of the environment and nutrients had up to
this point given nsgative results in inducing G. bidwellii to sporulate,
it was decided to test the possible effect of several nitrogen sources
in a medium om growth and possible sporulaticon. The effects of nitrogen
source on growbh and reproduction in other fungl have besn reviewsd
earlier in thils paper.

The nitrogen sources used in the present work are listed in
Table 7.
Table 7. Response of §. bidwellii in Czapek's medium to each of 11

different nitrogen sources as shown by dry weights of

mycelium produced. Statistieally significant groups of
pitrogen sources are indicated.

Hitrogen Av, dry weight of Statisticaily

source myeeliwn significant groups
_ab .05 jevel
ng

dsparagin 22.73 _ Group 1

Armonium Tartrate 27.33 __Group 11

Yeast Extract 22.53

dmmonius Sulfate 20,70 Group IIT

Clyeine 20,17

Halt Fxtract 16.97

Casein hydrolysabe 19.90 Group IV

Potassium Hitrate 15.07

Glutzmie Aeid 15,00

Sodium Hitrate 10.33

Czapek's minus nitrogen 9. 97 , Group ¥

Urea 74 - Group W1

The zmount of erch nitrogsn sourse used wa$ determined by computing

the amount of nitrogen in 2 g of aspgragin and then caleulsting for

each nitrogen source %o that each would provide anm syuivalent awmount
of mitrogen. According teo Organ gt al. {23) malt extract contains
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approximately 4.5 per cent protein; this was cenverted to per cent
nitrogen and calculated for eguivalent nitrogen. The amount of
yeast extract used was caleuiabed using the value of & per cent
nitrogen as reported by Bleck and Bolling (5). Casein hydrolysate
was caiculated from the total nitrogen value, 12.7 per cent, given on
the original container. Each nitrogen source was used independently
in the basal medium, Czapek's, and 2 control was inecluded with no
nitrogen source.

The basal medium and other materials and methods have been
previously deseribed in the section on Materials and Methods, A1l
cultvres, in triplicate, were incubated for 28 days at 29° ¢,

While no one nitrogen source was outstanding in the respcnsé
produced, several appeared satlsfactory vhen compared with those
that produced little or no response. Here again since the maximum
growth resulting was low there might be a question of the biological
significance of the differences obtained.

Sporulation of the black rot fungus was not observed under any of
the condltions of this experiment, |

The statistical analyses were handled as previocusly described in

the sectiocn en Ytilizaticn of {arbon Sources,



Ge Utilizabion of Vitsmins

According to Hobbins and Havanagh (27) vitawins have been used
frequently either te induce or improve sporulation In many fungi.
Barrett (&) reported that without thiamine the grape blaek rot fungus
on malt extraet agar would not sporulste on & geecond transfer. In
view of this work, a study of the effect éf vitamins on the isclate
of G. bidwelldi with whick we were working was undertaken.

The basal medium was Czapel's with no vitamins added and amzonium
tartrate, 1.7% g per 1, replacing Nall0s as the nitrogen souree, The
basal vedium was prepared otherwise as nobed in Materdals and Nethods.
Each vitamin or vitemin coubination was prepared separately and added
ageptically to the basal medium. Concenbtration of the various wikanins
used was as follows: ribeflavin, 5 ug/l; vyridoxine, 100 ug/l; thismine,
50 ugfl; incsitol, 5 ug/l; biotin, 5 ug/l; nicotinic acid, 250 ug/l.
Corbinations of vitaming used are presented in Tabls &, Other materials
and methods were as outlined in the secbtion, Mabterials and Hethods.

Bach treatwent was replicated {ive times.

Hesulls of this test ars swwarized in Table 8. Statistical

analyses were handied as described in the section on Utilization

of Carbon Sources.
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Tsble 8, Response of . bldwellii in Czapek's medium, containing
vitaming or their combinaticns, as shown by mg of dry
mycelivm, The three statistieslly significant groups of
vitamins or combinations are indicated in the order of
preference for utilization by the black rot fungus.

Vitamin | Av. dry weight of  Statistically

souree myecelium significant groups
: at .05 level
1, DIibeflavin ‘ 033 Group I
2. Thiamine plus Biotin 12,66 : ,
3. Incsitol 9,03 Group II
- Le Thiamine Teh3 :
5. Pyridoxine plus 2 and 3 6.50
6, Biotin 5437 Group III
7. Nicotinie Acid 5¢33
8, A1l vitawins 5,00

9. HNo vitamins Le40

From the data presented it appears that G. bidwellil is partially
deficient for riboflavin and the combination thiamine plus biotin.
leither thismine nor biotin alone was sufficient to stimulete growth
to the extent that the combination did. With the thiamine-biotin
plus inositel and pyridexine, growth ié depressed. Which of the two,
inositol or pyridoxine, is responsible for the depressing effect can
not be determined from the present data., Evidently one or wmore of

the vitaming is contributing a depressing efiect where all vitauins
were used together as growth here is no better than with no vitamins.

Yo cne vitamin or combination ef vitamins used under the eonditlions

of this experiment induced the blaek rot fungus to speorulate.



H. Hiscellaneous attempts at inducing sporulstion

In addition to all of the previous experiments dealing with
temperature, hydrogen~lon concsntration, optimum growth period deterw
mination, carbon, nitrogen, and vitawin requirements of G. bidwellii,
various other experiments were conducted in an atbtempt to induce
the black rot fungus to sporulate.

The various agar media used in the subsequent tests were all made
according to Riker and Riker (26) uﬁiess otherwise stated,

A grape julce medium was prepaered by using the decoction from
200 g of half~-grown bunch grapes. 7The siz-ounce preseription bottles
with 50 m1 of medium were inoculated and incubabted at 29° ¢ for 60
days. A few pycnospores which were produced on this medium were
used to inoculate two susceptible grape seedlings with no indication
of infsction develeping.

The possibility of indueing sporulation through the use of
natural grape extract which liad not been subjected to heat was also
investigated. Juiee from half-grown bunch grapes was extracted by
chopping 100 g of grapes in a Kemmore blender with 50 ml of distilled
water and then straining the mixture through four layers of cheese
cloth. The grape juice was then sterilized by means of a Seitz
filter and 10 ml lots added aseptieally to 20 ml of each polato-dextrose
agar and wabter agar befors solidification had occurred, Tenm ml
guantities of sterile grape julce were also placed on top of 20 ml
each of potato-dextrose agar and waber agar alrgaﬁy solidified. Uo

sporulation occurred after 15 days of growtl a«t 29° ¢ on either
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potato-dextrose agar or water agar. Vegetative growth was evaluated
by using average coleny diameter measurements on five plates of each
medium., On potato-dextrose agar plus grape extract average colony
diameter was 61.5 mm and on water agar plus grape extract colony
diameter was 2 mm.

Cultures of the black rot fungus were also grown on the above
juice of half-grown grapes for 10 days and then transferred to potato-
dextrose agar, lima bean agar, prune agar, and cornmeal agar. Incu=-
'imt:lon period was for 45 days on these latter at 29° ¢ with no
sporulation occurring.

One fact concerning sectoring of G. bidwellii on potato-dextrose
agar containing grape juice sterilized through a Seitz filter is
worth noting here. The culture, Ia, sectored freely on potato-dextrose
agar plus sterile juice just as it had sectored previously upon being
reisolated from infected grape leaves as mentioned in the section on
Inoculation and Isolation. Although sectoring was abundant with the
addition of grape extract to the potato-dextrose agar, no sporulation
was ever observed. Twenty-five transfers were made from several black
and white sectors with all transfers becoming a normal grayish color
within 10-12 days like the original isolate Ia.

Since Viala and Pacottet (35) stated that bunch grape leaves
were very susceptible to black rot the possibility of inducing the
fungus to sporulate on a medium containing leaves obtained from
susceptible varieties of grapes was investigated. Hansen and Synder
(8) reported propylene oxide as being used very effectively in steri-
lizing plant materials and still preserving it close to its natural
state; therefore, grape leaves l-1} inch in diameter were sterilized



with propylene oxide for 24 hours and then plated onto potato-dextrose
agar just before solidification of the medium oceccurred, The plates
were then lnoeculsted as in previocus tests with 2 mm pieces of 5-day-old
mycelimm and incubated for 15 days at 29° ¢, The surface‘of the leaves
had been covered with approximately 1 mm of agar whieh regeived the
inoculum. In 15 days the myeelium covered the leaf with a colony

51.5 mm in diameter, with ne sporulation oceurring.

Maceration of mycelium was also used in an abtempt to induce
sporulation, Ten-day-old cultures grown on potato-dexirese sgar were
macerated with 2 sterile razor bladé¢ and then incubabed for 45 days
at 29° ¢ with no sporulstion ceccurring.

3ince the guantity of nutrients sometimes influences the sporulation
of a fungus, it was decided Lo try to induce sporulation by diluting
media., The three medis, medified Czapek's solidified with 2 per cent
agar, bean julce plus 2 per cent agar, and potate-dextrose agar were
all diluted with distilled water to 1/2, 1/4, and 1/16 strength.

Ten plates for each of the three media were inceuwlated at each dilution
with 2 o squares of 5-day-old myeelium and then incubated for 15

days at 29° . HNo sporulation ovceurred at any dilution. Vegetative
growth was evaluated by comparing the average ¢olony diameters of

the 10 plates for each mediwm at the different dilubtions. The average
growth in mm for the media at 1/2, 1/4, and 1/16 dilution respectively
was Uzapek's; 2.0, 0.0, 0.0; bean agar, 9.8, 3.2, 0.0; and potato=-
dextrose agar, 53.1, 9.2, and 9.0,

Viala and Pacotbet (34) state that bean juice with the following
organic acids, at less than 5 g per liter, induced sporulation in

this order: malic, tartaric, citrie, lactic znd oxalie, These
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five different organic acids at various concentrations were used in

an attempt to induce sporulation, The basal medium was decoction

from 200 g of beans plus 20 g of sucrose per liter. The organic

acid series contained concentrations of from 1 to 5 g of acid per liter
of medium, Six-ounce prescription bottles were filled with 25 ml of
bean media and then sterilized at 10 pounds steam pressure for 30
minutes. To prevent injury to the inoculum, the bean juice was cooled
fer 24 hours and then inoculated as in previous experiments. Incuba-

tion was for 30 days at 29° C. At one gram per liter concentration
the fungus utilized, as evaluated by dry weight measurements of

mycelium, the following organic acids in order of preference: citric,
tartarie, lactic, oxalic, and malic. The fungus did not grow on
lactic, oxalic or malic at & 2 gram per liter concentration or above.
In a 3 = 5 gram per liter coneentration of organic acid, tartaric was
superior to citric as measured by mycelium produced. No sporulation
occurred at any concentration of the several organic acids up to 45
days of incubation. Various media such as potato-dextrose agar, raisin
agar, prune agar, cornmeal agar, modified Czapek's agar, lima bean
agar, nutrient dextrose agar, green bean agar, oatmeal agar, and 3

per cent malt agar were all used in an attempt to induce sporulation.
All of the media except the modified Czapek's and green bean agar

were made according to Riker and Riker (26). The composition for

the modified Czapek's medium was indicated under section III, Experi-
mental Materials and Methods. The green bean agar consisted of the
decoction from a No. 303 can of Del lonte brand, Blue Lake, cut green
beans, in one liter of water. The modified Czapek's and bean decoction
were both solidified with 2,5 per cent agar.



Behavior of the black robt fuygus on thess varicus selid media
was evaluated by colowy diam@t@? measurexents. The average dismeter
ppasurenents in mem for 10 replicaebions on each redium after 15 days
growth ab 29° ¢ are as follows: potasto-dextrose agar, 78.0; raisin
agar, 58.0; prune agar, 58.0; cormmeal, 51.0; modified Czapek's,
42.03 lima bean agar, 30.0; nutrient dextrose agar, Z9.0; green bean
egar, 22.03 ostmeal agar, 28.0; 3% malt agar, 22.5. Indications are
that potato~dextrose agar is gquits adequate for the vegatative growbh
of the black rot fungus, while green besn agar supporbs very little
vegebative growth. %hen the cultures were incubated for 30 days at
29¥ ¢ sporulation wecurred at trace levels only on green bean agar,

Spores were not found on any of the obher medie.

Since sporulation nad oeccurred abt a low lsvel on the camned green
bean agar, the following experiment was set up to determine the
influence of additional ¢arbon, in ;he form of suerose, on sporulation.
Suercse was added to the green bean decoction at the following ratess
none, 5 gram, and 10 gram per libter. Agar was added as previocusly
asseribed,s ZFach petri dish contained 25 mi of medium and was Incubated
for 12 days at 29° &, Growth was again evaluated by colomy diameter
measurements. At Lhe end of 12 days average colony diamebers for 10
replicatiﬁné were with no sucrose, 28.9 mm; 5 g smucrose, €7.1 mmy and
10 g sucrose, 75.7 mm. With any amount of sucrose added myceiial

growth was stimulated. Oporulation, at traee levels, cccurred only

where no sucrose was added eand alter 32 days.



Cn green bean agar sectoring, azs observed previcusly
tion from lesaves on potateo-dextross agar and in colonles
filter sterilized grope Julece, was again freguent, With
added to the green beau agar, the frequency of sectoring

as the amount of sucrose was increased.

on reisola-
on Seibsz
sUSTose

increased



DISCUSSICH

The econditions necessary for spore production have been estabe
lished for many fungi as indieated in the literature review, It has
been pointed oubt that beth natriti@nai and enviromental factors may
influence sporulation. The fungus wust alsc be genstically capable
of producing spores. No amount of manipulation of the abOV@-msn%i@ned
factors is likely te result in spore production by an organism ine
herently unable to form spareﬁ.

That the isolate of G. bidwellii with which we were working was
capable of producing spores after approximately 2% years in storsge
was established early in these lnvestigations. Ib was also depon-
strated that these spores were capeble of inducing disease when inocu~
lated to susceptible grape leaves. Uhile under certain conditioms,
viz., on green bean agar and on reisolation from diseased leaves, the
iseolate used; as evidenced by sectoring, appeared unstable, in general
there wos evidence that it had not mubtated.

Under the conditions of the present work, maniﬁnlaﬁicnﬁ of medium,
temperature, pH, carbon sources, nitrogen sources and vitamin sources
have sll falled to imnduce consistent sporulation in the black rot
fungus. There has not been opportunity to try cowbinations of the
ahove mentioned items to any greab extent., The factor or cosmbination
of Tactors essential for reproduction in §. bidwellil remains to
be disecovered,

It is of interest to point out that of those media, on which this
fungus did produce some spores, all were derived at least in part

from natural plant products. It will be recalled that spores were

L1
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found in some instances on the following mediat dried bean decoction,
heat sterilized grape juice, and green bean agar, Spores on the two
latter media were never found in more than trace quantities; and
spores were found in guantity only one time on the bean decection
medium. This fungus also sporulated abundantly on potato-dextrose
and eornmeal agar, bub only through the first transfer, on reisclation
Irom lesions on grape leaves. A possible explanation for this latter
phenomenon might be that passage through the host provides a stimulus
te sporulation which is lost after the first transfer. Ths problem
might be, then, to in some way provide this stimulus in culture or te
raintain it in eulbures ?@isniated from lesions.

Since it has been demonmstrated in the present work thsi this
organisn is not particularly sensitive to temperature, pH, and carbon,
nitrogen or vitarip sources, it might be that the most fruitful future
investigations would lie in the area of manipulating nubrient levels
and light. Steinberg (30) sugrests that too little atienbion is given
the effects of high solar light intensities on reproduction. 4s he
points out manmy fungl sporulate in nature under conditions of relatively
high light intensibty. Light may have been an important factor in
the failure here tc induce sporulation om dried bean decoctions after
the sarly success wit: this medium. Uhen spores were produced on this
medium; incubation had been ab room temperature near a window. OSube
sequent trials with this medium were in dark incubators or in diffuse
Iight ab exeessively high roon temperaturés. Shifts from high to low
levels of nutrition or vice versa might be indicated by the behavior
of the black rot fungus whern isolated from leaf lesions.

Evidence as obtained in this investigation indiecates that this
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fungus grew on certain media in a rather erratic fashion. The fact
that there were several apparent growbth optima each followed by & real:
decrease in myceliun is of considerable interest sinece this phenomenon
is not known to oceur with other fungi. The data at hand are insufii-
cient to explain this behavior, A possible tentative explanation is
that, after each peak of growth, autolysis releases from the old
mycelial cells some essenbial metabolite which is thus again made
available for renewed growth by the fungus. This process could conw
ceivably be repeated several times on prolonged incubation. Further
attempts at explaining the phenomenon seem wnwarranted without further
experimentation,

¥hile the present work has not fulfilled the original objective
of providingz s ready source of inceuium for testing the resetion of
gquantities of grape seedlinge to black rot, there has resultsd a sugges-
tion of a method that could simplify the testing process. It will be
recalled that reisolations from black rot leaf lesiens preduced abune
dant spores on either potato-dextrose or cornmezl agar. With a rela-
tively few good, overwintersd black rot mummies as an original souree
of inoculum, lesions could be cobbained on susceptible seedlings in the
greephouse. HReisolation from thess lesions should provide incculum

in nearly any quantities desired if the process were timed properly.



SUMMARY

Severalraspects of the physiclogy of the grape black rot fungus,
G. bidwellii, have besn investigsted with the objective of inducing
this organism to sporulate in culture so that gquantities of inceulum
would be readily available for testing the reaction of grape seedlings
to black rot.

fmong the aspects investigated were temperature relations, effects
of pl, time in relation to optimum growth, utilization of a variety
of carbon, nitrogen and vitamin sourees, and behavior on several
natural and semi-synthetic wmedis. A4 wodified Czapek's medium was
uged as the basal medium for most of the studies.

Since spores were nobt produced under most eircumstances all evale-
wations were based on the dry weight of mycelium produced on liquid
media or an‘colony diameters where a solid medium was involved., While
this fungus grew well over a range of bemperatures, 29° { was apparently
opbimum. 4 range of pH; 4.5 ~ 6.0 was satisfactory. Of 14 carbon
sources tested, celloblose, D-glucese, maltose, sucrose, raffincse,
and lactose were superior to the ethers. ©Of the 11 nitrogen sources
asparagin and amponiom tartrate were best with yeast extract, ammonium
sulfate, and glycine preducing good growth. Sodiuwm nltrste and wrea
were apparently unsatisfactory as nibtrogen soureces. The results
indicate a partial deficiency in this fungus for the vitamins ribo-
flavin and the combination thiamine plus biotin. Biotin or thiamine
slone, nicotinie acid, and pyridoxine plus thiamihe, blotin and

inositel produced ne responss.
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A variety of natural media inciuding Seits-filter sterilised
grape julce, heatoed sterilized grape juliee, dried bean decoction,
green bean agar, grape leaves, oalmeal agar, cornmeal agsr, prune
agar, malt extract agar, and lima bean agar were all tried in an
effort to induce sporulsbion. Of these, spores were found once on
the dried bean decocticn medium and several times in trace cuantibies
on the heat sterilized grape julce and green bean ager. On reisclation
from leaf lesiong produced by spores from the bean decoction; sporus
iation was gbundant on potato~dextrose and cormmeal agar through the
first transfer. On none of the other mediz nor un&er any of the other
conditions in this entire series of experimenis were spores observed,

As observed on several media the black rot fungus has no clear
cut single opbimum growbth time pericd. Bather a succession of opbima
are indicated. Evidence at hand is insufficient to explain this
behavior,

4 suggested technicue for obtaining quantities of spores for
ineeulum is outlined. This invelwves reisolations from leaf lesions

nroduced by spores from a fow mupries,
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