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INTRODUCTI O

Introduction of in vitro section.

During the past decade extensive efforts have heen dirzcted toward
the development of antibacterial compounds to control human and other
animal diseases. Until very recently little attention has been directed
toward the development of a good antifungal substance from an antibiotic
source to control plant diseases due to fungi. The same situation i;
vrue for human diseases caused by fungi.

Recently Anderson and Gottlieb ( 2 ) published a survey of the litera-—
ture concerning sntibiotics that may be of value 1in controlling plant
diseases., Iast year, Klomparens and Vaughn* reported the results of
their studies on the effects of three antibiotics, actidione, endomycin,

and streptomycin, on Bonnie Best Tomato variety inoculated with Agrobac—

terium tumefaciens. Actidione in the soil did reduce the amount of

infectivity of the bacteris although in all cases g2l1ll formation con-
tinued to develop. The effect of fungicidal activity with different
carbon sources, dextrose, lactose and maltose, was found to vary when

Fusarium lycopersici was grown in liquid medium. Actidione was found

to be more fungicidal when the medium contained lactose as the carbon
source.

During the current wvear's studies of antifungal substances active
against plant pathogens, there are two distinet phases——in vitro znd

vivo studies. In the first phase, a number of antibiotics were tested

|5

in agar and liquid media to determine the effectiveness of the compound

* Unpublished report on "Studies of the properties of antibiotics--
translocation and physiological studies with cycloheximide (Acti—dione),
endomycin, and streptomycin sulfate." submitted for the grant from

the Horace H, Rackham Research tndowment in 1953, Devartment of Botany
and Plant Pathology, Michigan State College.



against the tegt organisms. The stability of the compounds were also

tested under varied environmental conditions. After these vreliminary

nrocedures were done, physiological studies were undertaken to deter-

mine what effect the antifungal substance has under various controlled

conditions.



Introduction of in vivo section

The testing of antibiotic materials of possible antifungal activity
increases in importance as new and perhaps better materials are dicovered.
To date actidione is the only antibiotic material applied to plants for
the control of fungal plant diseases on a commercial basis. There are
many other antibiotics whlich are currenily being investigated for their
commercial applicability against fungal plant diseases. Sometimes these
compounds are specific agalinst the causal agent of a plant disease which
is poorly controlled. However, in vivo tests must be made to determine
the interaction of pathogen, host, environment, and antibiotic. Surface
and systemic applications are run against the different types of plant
parasites. Both protective and eradicant follar applications are carried
ount.

The use of antlbiotic materials‘in plant protection programs raises
important questions. In addition to teéfs on the activity, stability,
availability, and sticking qualitles, tests mmst be made to determine
host reaction to omne or more applications of the antiblotic material.
Another important question 1s whether these materials are fungistatiec
or fungicidal. Any fungal pathogen used in connection with these anti-
fungal antibiotics might produce lines resistant to these materials. In
one hundred years of spraying and dusting with the wide spectrum organic
and inorganic fungicides, no resistant fungal lines have arisen.
Therefore, checks must be made to determine if and how fast such lines
might appear if antibiotics are used. Such antibilotlc resistant organisms
are already known in bacterial pathogens of animals.

Because of the nature of in vivo tests in the greenhouse, certain

1imitations of space, sultable hosts, pathogens, and time exist.



Therefore, hos%s such as common Zarden vegetables and small grain plants
are used; and the test organlsms are those which cause foliar disorders.
However, as new tests are made, more organisms are tested since some anti-
blotics are specific in their action against certain fungi.

Not all antiblotics which appeared desirable could be used. Some of
the compounds were not available in quantities large enough to allow
spray tests to be made. Others were discontinued and were no longer
available. Certain antibiotics were not soluble in water or dilute ethyl
alcohol. Therefore, unless they could be suspended or supplied as a
soluble salt, they were not used.

The in vivo section of this report shows the progress which has been
made in one year. The data presented is not conclusive, but rather in-
dicates some very interesting lines of work to be investigated. Among
these problems are the tocicity tests on some of the dicets and the
investigation of lines of causal agents after they were sprayed with anti-
biotiecs. With more information on the in vitro stability and temperature
effects, further refinements and interpretations may be made of some of
the spraying results. Eradicant properties and run off of spray materials

need additional study.



In Vitro liter=ture Review

An extensive literature review was conducted un to September, 13953,
No published information was available concerning the possihle role that
nutritive substances might have in affecting the efficiency of antifungal
compounds. Klomparens and Vaughn* found that acti-dione had increased
antifungal activity when Fusarium lycopersici was grown in liquid medium
containing lactose as the carbohydrate source, In addition, they 21lso
observed the same to be the case for endomycin when maltose was the
carbohvdrate source, Xnvironmental factors other than nutrition may
influence the activity rate of an antibiotic. Leben (26) in 1954 found
that pH alone plays a part in reta;ding vhytopathogenic fungi when acidic
buffers are employed in in vitro tests.

illvorn (24) found Rhizoctonia and Verticillium infecfions in tomato
plants to be considerably reduced by using rimocidin or thiolutin. Davisson
et al (12) renorted that rimocidin inhibits many of the human pathogenic fungi
in vitro at concentrations of 1 to 5 ppm.

Candicidin, 2 new antibiotic disrovered bw Lechevalier and his co-workers
(31), is‘reported by them to have an nctivity spectrum against veasts but
it is only moorly active ~grinst yeasts bnt it is only voorly =ctive Aagninst
the filamentous fungi and no ~ctivity ~gninst the bacteria. The authors
report this compound to be very soluble in water hut it is thermolabile and
shows =~ marlrzed loss of potency after beine kept in an aqueous solution
for 24 honrs =5t room tempermture. The minimal inhib!tion concentrations
for the antibiotic ML575, nystatin and pyridinethione are 6-12 pom, 6-12 ppn,
and 0.,3~1.0 ppm respectively for many fungi*ﬁ Diaphine hvdrochloride is
effective against many of the human pathogenic fungi in vitro at concenfrations

of 100 — 1000 ppm. "+

*Unpublished report on “Studies of the properties of antibiotics - translocation
and physiological studies with cycloheximide (Acti-dione), endomyvcin, and



streatomvein sulf~te", submitted for the cront {rom the Horace F.
Hesearch “ndownent in 1953, Department of SBotanv and Plent Fatrologwr,
State Collese. g

Sguivbb =nd Sons.

- -
. ‘L.

furnished b~

**Information =indlw
sumplied by Chnas. Pfizer =nd Co.

**x¥Tnformation windly



Literature review gﬁ,;g_vivo'section

The vast majority of antibiotics are derived from bacterial and
funzal activity (4,58,9,27,30,43). Other antibiotiecs are derived from
various sources, but these as a group are not important in plant disease
control programs (4,5,6,15,35,37,40). In the control of plant diseases
by antibiotics, four general methods of application are used. These
are: soil, systemic, seed treatment, and foliar applications.

In soil appllcations, antibiotlic materials are either applied to the
s0ll as a drench or mixed in as a dust. However, for most soils, the
diverse microflora and colloidal complexes such as clays and soil organic
matter absorb or effectively inactivate most antibiotics that have been
tested (16,18,736,42). HNumerous strains of antibiotic producing fungi
and bacteria were added to soils, but these have proven to be ineffective
in plant disease control (16,38).

Antibiotics are also tested as systemic fungicides or chemothera-
peutants (8,10,13,20,25,44). A chemotherapeutant is defined as a sub-
stance which is translocated throughout a plant to combat the disease
organism from within. Davis and Dimond, (11), state that there is no
consistant relation between fungitoxicity and chemotherapeutic activity.
Thus, an antibiotic may have excellent antifungal properties but little
or no chemotherapeutic activity. This makes it necessary to screen anti-
hiotics for both funglstatic and chemotherapeutic activity. Although
chemotherapeutants hold promlise in future disease control programs, they
are not widely used to date.

Antibiotics are tested as seed treatment compounds. Results demone
strate that field control of plant dlseases caused by seed-borne fungi

i1s possible through the use of antibiotics (22,29). Helixin was included



in the United States Department of Agriculture iniform ssed treatment
nursery on oats and spring wheat in 1953 (32,45).

Many antibiotics are screened for use as foliar sprays. Several
fungal diseases, which formerly were poorly controlled or not controlled
at all, are now controlled by antibiotics. Actidione at 2 ppm applied
as a foliage spray controls cherry leaf spot (21,39). This antibiotic
is very widely used against a number of turf diseases such as dollar spot,
pink patch, fading out, copper spot, and brown patch (45). Powdery
mildew on bramhles is also controlled by spraying with actidione at a
concentration of 2-5 ppm (47). Actidione gives both a protectant and
an erradicant action against many plant pathogens (17,21,39), but may
cause severe plant injury on susceptible hoets and tissues. Helixin
controls early blight of tomato, and also proved rather effective as a
small grain seed treatment compound (28,29,32). Although this compound
shows high activity aszainst certain fungi, it is not being produced
commercially. Helixin has been found to contain several different active
fractiona. Griseofulvin shows promise of controlling early blight in
England (41).

Some plant diseases caused by bacteria, such as fire blight of pome
fruits, are now controlled by the applications of terramycin and streptoe
mycin (1,23,46). Streptomycin is used at several different concentrations,
and eritical work needs to he done to check this point.

The reaction of the antibiotic sprays 1s important, and antifungal
activity of a spray material is increased by lowering the pH. However,
Leben (26) in work with early Dblight of tomato showed that this was not
increased antifungal activity on the part of the antlblotic, but rather

the result of the lowered pH alone. He reports that from 53 to 79 percent



control of early blight was obtained by using acid buffers alone.
Most of the tests with the various antibiotics and organisms to

date are in vitro and relatively few are in vivo tests.

10



11

MKTHODS AND RESULTS IN VITRO

A, Assay testine of antifunsal materials

Methods
Several compounds were screened to determine their minimal inhibi-
tion concentrations. The following is a list of the compounds assayed
and the methods for preparing the stock solutions:
*Sodium ridinethione (MC2113}: very soluble in water.
*Nystatin: soluble in acid methanol.

*ML : raise pH of suspension to pH 11 with NaOH, solution then
occurs.,

Back titrate immediately with acid.

Rimocidin sulfate: ‘soluble in water. Stock solutions of 1 mg/ml
will be slightly cloudy.

Thiolutin: sparingly soluble in water, in magnitude of S5Oppm. .
Solubility can be increased to 150ppm by using 70%
me thanol, \

Diaphine HCL: very soluble in water,

Candicidin A: very soluble in water (31).

With the exception of Diaphine and pyridinethione, the compounds listed
above are all antibiotics. For the initial screenings, such high concen-
trations were employed, that sterilizétion of the test fungicides weren't
deemed necessary. It is recommended however, that the experimentsal com-
pounds be sterilized via Seitz filtration to prevent bacterial infection
of the cultures. This procedure is followed until thermostability tests
are completed in order to determine if some of the compounds can be ster-
ilized by autoclaving. In 2ll cases unless otherwise indicated, the test

solutions were freshly prepared prior to use., Stability tests are dis-

cussed in another portion of this report.



The following fungi were used as test organisms in the physiological
studies:
Collectotrichum phomoides C80A: isolated from tomato fruits.

Colletotrichum phomoideg 101: isolated from tomato fruits.

Helminthosporium sativam 925: isolated from barley in the thumbd
area, Michigan.

Lilly-Barnett synthetic glucose asparagine medium (33) was employed
as a basis for physiological studies. The following constituents were

of C.P, grade:

D-glucose 10 gm
L-agparagine 2 gm
MgSO0L, 7H20 0.5 gm
KH2POL 1.0 gm
- Fefit 0.02 mg
Zntf 0.02 mg
Mnif 0,01 mg
thiamine 100 ug
biotin 5 ug

pH to 6.0 add distilled H20 to make one liter.
In some instances agar was added to the medium at a concentration of 2%
in order to have both so0lid and liquid media for the assays. The medium
was autoclaved at 15 lbs. pressure and at 240°F, for 20 minutes.
\ In the beginning, mycelial inoculum was used. This was accomplished
by placing a small portion of mycelium from the desired organism in the

center of a petri plate to which the medium and the test compound had

previously been added. Currently however, spore suspensions prepared in

12



sterile water are used 2s inocula. The spore suspensioﬁs are prepared
from heavily sporulating cultures. The spore suspensions: are adjusted
so that a concentration of 400-500 spores per ml of medium will result
when 1 ml is used as inoculum for 20 ml of medium. Spore counts were
determined with the aid of the Levy Hemacytometer.

Aseptic technigues are maintained throughout the procedure. One ml
of inoculum is pipetted inteo a petri plate followed bv the medium and
then by the test compound. The latter is serially diluted so as the
amount used per 20 ml total volume in the petri plate gives the desired
concentration fer the test. Bach plate is gently swirled after the

addition of each constituent. All assnay vlates and controls were run

in duplicate and incubated at room temperature,

Results

The results-as presented in Table I indicate that pyridirethione
and Rimocidin are most effective against the organisms tested. The
minimal inhibition concentration for C. phomoides C80A, C. phomoides
101, 2nd H, gsativum 925 using pyridinethione was less than 1 ppm
and with Rimocidin, less than 10ppm. It was on this basis that the
aforementinoned compounds were selected fer pysiological studies., In
some cases, duplicste runs were also made on agar. Fer the most part,
the results were the same as in liquid., The data in Table II indicate
that agar may tie up the compound in some cases sc¢ that a higher con-
centration than the liquid assay is required to inhibit the organism.

When nystatin is used, the minimal inhibitien concentration against
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TABLE 1

Activities of antifungal agents
Minimal inactivation concentration in ppm in liquid

Compound C nhomoldes C. phomoides H, sativum
C80A 101 925
Pyridinethione £1,0 £1.0 «0.1
Nystatin >10.0 50.0 $50.0
M4575 -200.0 ~50.0 »200.0
Rimocidin £10,0 <10.0 £10,0
Thiolutin .>15.0 »15.0 >15.0
Diaphine - 100.0-200.0 50,0
Candicidin A - 200.0 200.0
TABLE 11X

Growth comparison on agar and licuid media

Fungicide Organism Cone, of fungicide in agsar Conc. of fungicide in liguid
in ppm in ppm _
10 50 100 200 10 50 100 200
C phomoides /£ £ £ - L - - -
C80A -
C phomoides  #£ £ f - i # - -
Nystatin 101
H. sativunm HE - - - HE A - -
925
C. phomoides # - - - 4 - - -
C3S0A -
Rimocidin C, phomoides £ - - - # - - -
101 -
H. gsativum - - - - - - - -

925



C. phomoides C80A on agar is 100 ppm whereas in ligquid, it is 10-590
ppm. Plates (I, II, IV) show concentration effects on C. phomoides and

H. gativam when fungicidal compounds were put in both liquid and agar

media,

B, OStability tests on pyridinethione, rimocidin and diaphine

Methods

Stability tests were made on the above listed compeunds with
regard to thermeostability and "shelf life” of the material in selutien
under varying conditions. In order te determine whether or net the
fungicides could be autoeclaved together with the medium, a series was
set up for comparisen of the minimal inhibition concentratisn of fungicide
sterilized by Seitz filtration with these of the fungicide autoclaved
together with the media. In another series, the ®shelf life"” of twe
compounds, pyridinethione and rimocidin, were investigated by placing
10 ppm of the Seitz sterilized materials in either a water solutisen or
combined with the liquid medium at 5°C., roem temperature, and at 30°C,
The 30°C tests were made in shalke flasks on the Kershaw Rotary Shaker
(see plate III) in erder te duplicate cenditions fer the subseguent
physiolegical =2tudies and to find out if there might be a less of

potency during an incubation run.

Regults
The data in Table III show a definite potency less when pyridinethione,
rimocidin or diaphine are autoclaved with the medium. This might be

due to a breakdewn of the compounds., Plate IV is a typical example,



depicting potency loss when diaphine was autoeclaved together with the
medium. In the case of pyridinethiene, the media darkened upon aute-—
claving. The other compeunds screaned were not htested for stability as
the minimal inhibition concentratiens were teo high and did net merit
further consideration at this time. N

The synthetic compound pyridinethione shows complete "shelf life"
stability under the conditions tested, whereas the antibiotic rimocidin
holds up only under refrigeration. In addition, it 1s of interest to
report here that an aqueousAsolution of pyridinmethione showed no potency  _
loss after being refrigerated tor 10 weeks. The "shelf life” results

are for 15 days and are being carried further but the information will

not be ready in time for this report.

TABLE III

Thermostability of 2 Fungicides
Minimal Inhibition Concentration in ppm

Compound Sterilized by Sterilized by
Seitz Filtration Autoclaving With The Media *
C. phomoides H, sativum C. vhomoides H., sativum
C80A 925 C80A 925
Prridinethione 1.0 0.1 10.0 5-10
Rimocidin 10,0 10.0 1.0 15,0
Diaphine J.00-2C0 50 200 200

* 15 1lbs. pressure and 240
degrees F, for 20 minutes.



Ce Physiolosical studies with colletotrichum phomoides C80A

1, Determination of harvest time optimum
Methods

The organisms C. phomoides C80A, C. phomoides 101 and H. sativum 925

were grown in liguid medium to ascertain the optimum harvest time. The
standard medium used is the Lilly-Barnett synthetic glucose-asparagine
rediuvm., Fifty ml of medium were dispensed into 250 ml erlenmeyer flasks
witich was then plugged with cotton and autoclaved 20 minutes. The inocu-—
lun was prepared from potato dextrose slants containing a 3 to 4 weeks
0ld organism. A spore suspension was prepared in sterile distilled
water and diluted so that X ml of inoculum per flask yielded a concen-
tration of 6-7,000 spores /ml medivm. Spore counts were made with the
aid of a Levy Hemacytometer., Cultures prepared in triplicate were incu-
bated in a stationary flask series as well as a shake flask series, The
latter series was on a Kershaw Rotary Shaker at 140 rpm, All culturses
were maintained at 28-30°C, in the dark. At harvest time, the best two
out of three flasks were processed. The mold was filtered via suction
on a2 Buchner funnel through a nylon filter. The myceliuvum was then wvashed
three times with distilled water to reﬁove any adhering nutrient substances
after which it was placed in a numbered tared aluminum weighing cup and
dried overnight at 60°C. The cups with the dried mucelium were placed
in 2 dessicator until weighed.
Results

As indicated in Table 1V, it sppears that the optimum harvest time

for shake cultures is 4 days after which time autolysis seems to set in.

The stationary cultures were harvested at a 9 day optimum. Although



maximum growth was not achieved at the end of 9 days, this time period
was chosen for the sake of expediency. The typical growth pattern in
stationsry cultures is a mat-Jike mass with a sub-surface gelatinous
consistency., On the other hand, shake cuwltures produce a pellet and
glob=like growth.
TABLE IV
Growth Pattern
On Lilly-Barnett Synthetic Glucose—Asparagine Media

28-30°C, in the dark
recorded as mg dry mold/50 ml medium

Organism 4 Davs 6 Davs 9 Days
C. phomoides CQQA
Shake 198 173 154
Stationary 154 155 176
€, phomoides 10T
Shake 200 189 146
Stationary 76 171 177
H._gativum_ 925
Shake 134 120 200
Stationary 98 148 204

2. Carbohyvdrate variation effect on fungicidal activity.

Methods
Four different carbohydrate sources were investigated separately in
conjunction with varying concentrations of fungicides to determine how
nutritive environmental conditions might influence fungicidal activity
towards a pathogenic fungus. The basal medium used was Lilly-Barnett
synthetic glucose-asparagine medium complete with the excention of the

carbon source.* I'he standard medium contains glucose equivalent to

* It should be noted that the sugars employed 4id not supply the

only carbon in the medium but that the L-asparagine might also enter the
carbohydrate metabolic cycle. It was observed that the standard medium
minus the carbohydrate (glucose) supported limited growth when tested on
agar slants. It is therefore advisable that an inorganic nitrogen source
be ntilized. It has been found that C. phomoides and H, sativum grow well
on the standard media modified to contain sodivm nitrate in vlace of the
asparagine,
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L gm of carbon per liter; hence the following sugars were used in the
quantities specified so as to give 4 gm of carbon per liter: D-glucose
10 gm, sucrose 9.5 gm, D-xylose 10 gn and alpha-lactose H20 1C gm.

The organism employed for this study was C. phomoides C8CA, [uns

were made under shake and stationary conditions according to the speci--
fications set up under the methods of the previous section. The fungi-
cides selected for these studies on the basis of greatest activity in

the initial screenings were pyridinethione and rimocidin.

Results

The compound pyridinethione caused inhibition on shake and station-
ary cultures at less than 1 ppm when D=glucose, sucrose and alpha-
lactose were used. In the case of D—xylose, inhibition was between
1 and 3 ppm. (See plate V.) No mycelium or »t best very scanty amounts
were obtainable under the range of fingicidal concentrations set up for
these studies (1, 3, 6 and 10 ppm). Consequently, tabulated data on
dry mold weights are lacking for this report.

The results with rimocidin are tabulated in Tables V and VI wherein
varying amounts of the antibiotic were used in conjunction with four
different sugars; the pentose D=xylose, hexose D-glucose and the di-
saccharides sucrose and alpa-lactose., In addition, the data also
include results under both stationary and shake conditions. The pH
readingzs of the filtrates made a2t the time of harvest are included in
the above mentioned tables,

Sucrose appears to render the fungus more susceptible to the rimocidin

2t lower concentrations whereas the antibiotic is effective only at higher
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concentrations (10 ppm) when Dexylose or alpha-lnctose is used as the
carbohydrate source. The data of Tables V and VI have been plotted on
the following graphs:

Graph 1 Varying amounts of rimocidin in combination with different
carbohydrate sources - shake cultures

Graph II Varying amounts of rimocidin in combination with different
carbohydrate sources — stationary culbtures

Graph III Disparity for Xylose and Glucose under stationary conditions
when rimocidin reaches critical point,.

Referring to the plotted curves the following observations can be made:

1. In graph I, the antibiotic 2ctivity rate is markedly increased
when using D-glucose or sucrose in comparison to D-xylose or
alpha-lactose.

2. The curves do not drop as sharply in the stationary cultures as
compared to the shake cultures,

3. ZXylose in stationary culture seems to show a stimulatory effect
when rimocidin is present up to 3 ppm. In addition, the xylose
control in the stationary culture has a dry mold weight of 173
mg in 11 days as compared to 85 mg in 6 days for the shake cul-
ture. C. phomoides C80A is not inhibited at 10 ppm rimocidin
when grown in xylose under stationary conditions.

4, Graph III indicates that there is a disparity for xylose and
glucose when the antibiotic approaches the critical range of
activation. This is indicated by the dotted lines, the fact that
no replicates agree. In the case of glucose, there seems to be
a tendency for the divergent lines to rejoin again at higher
sntibiotic concentrations. This is not evident for xylose as
apprarently the concentrations used were not high enough.

It is interesting to note that rimocidin is more effective in inhib-

iting C, phomoides C3CA when it is incorporated into sucrose medium

than when in glucose medium. Shake flask cultures on these two sugars
at 6 and 10 ppm of the antibiotic were maintained over a 5 week period,

From the data presented in Table VII, it is apparent that when the organism
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was grown in a glucose medium, growth started at 9 days when the concen-
tration or rimocidin was 6 ppm and at 15 davs when at 10 ppm. In the
sucrose media, highly retarded growth was apparent in 27 days at € ppm
and total inhibition was still maintained at 10 ppm at the end of 38

days a2t which time the exneriment was terminated.



TABLE V

22

Dry mycelial weight of Colletotrichum phomoides C80A grown in
liquid medium centaining warying amounts of rimocidin in conjunction
with different C sources expressed as mg from the average of the bhest

2 ot 3 revlicates.

Incubated at 20-30°C; D-glucose, sucrose..

Ppm of Shake 4 days Stationary O days
Fungicide
D-clucose Sucrose D-glucose Sucrose
%
mg pH mg pH mg i ng po):f
0 211.0 7.5 163.0 7.6 1 176.,0 8.1 184.0 7.6
1 180.0 7.5 160.0 7.0} 171.0 8.1 180.0 7.9
3 1.5 6.0 0.0 - 161.0 ok 5.2 5.0 5.0
90.0}126 6.7
6 0.0 - 0,0 - 12.0 ww 6.2 0.0 -
S £
10 0.0 - 0.0 - 5.04 4 6.1 0.0 -
3.0 6.1
TABLE VI
Same conditions as TABLE V except incubated at 30—3300: D-xylose, and
lactose.
Ppm of Shalke & davs Stationary 11 days
Fungicide
D-xylose Alpha-lactose D-—xyvlose Alpha-lactose
»
ns pe):t ng pe):l . mg pE mg pH
0 85.0 5.9 20.0 8.3 ]172.0 7.5 37.0 8.3
1 51.0 5.5 6.0 7.3 ]182.0 8.2 37.0 8.4
3 L6, 0 5.8 7.0 7.7 {181.0 8.2 25.0 8.2
6 20.0 5.6 2.0 6.7 {113.0 ww (2 11.0 8.0
150.03132"* oy
10 5-0 5-6 100 708 86’0 J ok 700 O.o -
b1.0F ™ gy

*pH af filtrate at time of mycelial recovery.

»#*(reater deviation occurred in these cases when ri—ocidin was used.




23

TABLE VII

Protective effect of 2 different sugars incorporated into
the 1liquid media with rimocidin. Shake cultures at 30°C.
Recorded as the incubation time required for the appearance of growth.

Rimocidin Sugar Incubation in days
in pom 9 15 22 27 38
6 D—glucose growth
10 D-glucose - growth
6 Sucrose - - - grovth

10 Sucrose - - - - -
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Shake Culture. Growth of C. phomoides CSOA
In Liquid Medium Conteining Varying Amounte of Rimocidin Sulfate
With Different Carbohydrate Sources.
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Stationary Culture. Growth of . phomoides C80A

In Liquid Medium Containing Varying Amounts of Rimocidin Sulfate
With Different Carbohydrate Sources.
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Stationary Culture. Growth of C. pbomoides CE0A
Showing Divergencies Between Replicate Flasks When

The Concentration of Rimocidin Sulfate Reaches The Critical Point.
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In vivo methods and results

Four antibiotic materials, thiolutin, fungistatin X4, nystatin,
and rimocidin sulfate, were tested along with two synthetics, diaphine
hydochloride, and sodium pyridinethione. The solubility and stability
of thiolutin, rimocidin, diaphine hydrochloride, and sodium pyridine-
thione are discussed in the im vitro section of this report. Fungis-
tatin XG, supplied by Charles Pfizer and Co., Inc., was tested for
antifungal properties in vivo. Further communications with the Pfizer
Company revealed that this antibiotic was not in production nor were
any plans made for future production. Therefore, nystatin, en antibiotic
produced and supplied by E. R. Squlbdb and Sons, was substituted in the
testing program for fungistatin XG. The compourd was listed by the
company &8 soluble in methanol, stable at neutral pH, and unstable at
pH2 and pH9. A partial spectrum of antifungal activity was furnished
which indicated a fair degree of activity at high concentrations in
the in vivo tests. Actidione produced by Upjohn Co., end panogen, an
organic mercury compoumd, produced by Panogen Inc., New York, were added
later to the testing program as treated checks.

All of the antibiotics were prepared in water solutions or suspen-
sions for application to the test plants. An emulsifying agent, tergitol,
was used to keep thiolutin in suspension at concentrations above 50 ppm
Nystatin and rimocidin were first disolved in two millliliters of 95
percent methanol and then diluted with distilled water to the desired
concentration. Stock solutions of all the materials were prepared at
a dilution of 1/1000. Such stock solutions were then stored under

refrigeration at 5° F.
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Five fungal test organisms were used. These are listed below with

the common name of the disease which they cause.

Scientific name of organism Common name of the disease

Alternaria solani (El1l. and G. Martin) Early blight of tomato
L. R. Jones & Grout
Colletotrichum phomoides (Sacc.) C80A Anthracnose of tomato

Chester
Phoma lingam (Tode es. Fr.) Desm. Blackleg of crucifers
Helminthosporium sativum (Pam.) Spot bloteh of barley

King and Bakke

‘Puccinia graminis tritici Stem rust of wheat.
ErikS. and X. Henn.

A. solani, P. lingem, and H. sativum are included in several in

vitro testing programs, (26,27,28). They were used in these tests because
of their ease of application to foliage spray programs as well as their
foliaxr type of infections. (. phomoides on tomato is included in numerous
spray testing programs and is used in these tests becaunse of its difficult
control, importance as a ripe fruit rot, and as a representative of an
important group of fungi attacking plants.

Two monocotyledonous hosts, wheat and barley, and two dicotyledonous.
hosts, tomato and cabbage, were used in the testing program. In addition
to these, corn, beans, cucumber, and tobacco were used in phytotoxicity
tests. These species were used to provide a range of host material in
testing host reaction to antibiotic applications. PFPhytotoxicity tests
were run for all substances tested at 200 ppm. Diaphine hydrochloride
wag tecsted further at 100, 50, and 25 ppm.

The materials were sprayed directly on the foliage by means of air
pressure and atomizers or by use of hand spray guns. In the case of

cabbage, the wax, or bloom, on the leaves was rubbed off by hand as the

sprays were applied. This was done to insure contact between host,
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sprays, sand lnoculum and to reduce run-off. Although some run-off was
present on the other plants, by care in application it was not & sericus
problem.

A single 1solate of each of the test organisms, except stem rust,
was maintalined on potato dextrose agar, and used throughout the experi-
ments. The fungi growing on agar were then ground in a blender, znd the
suspension was used as inoculum. The rust spores were collected from
inocculated hosts which were used to build up the amount of inoculum.

The éuspension of ground mycelium or spores was sprayed on the plant with
atomizers or hand spray guns.

The test plants were first sprayed with the test organism and
allowed to dry for several minutes. The antibiotic materilals were then
applied, and shields of cardboard were used to prevent drift from one
test row to another. After the antidbiotic materials were applied, the
plants were pleced in a umidity chamber which was kept moist by a fine
spray of water and eir under pressure. The plants were removed from the
moist chamber after three or four days, and the disease was allowed to
develop. Readings were taken when the lesions on the checks appeared to
be well developed. In most cases the readings were based on the number
of lesions per plant. Where this could not be used, readings were based
on the numerical gradiations of 0--5, where 0 indicated no disease

symptoms on all plants and 5 represented each plant having heavy infectione
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The data presented in this section deals with only two phages of the

problem, The first of these is the rhytotoxic reactions caused by spray=
ing antibiotic materials on the foliage of the test plants. The second
is the actual control of the pathogens by s?raying shortly after the host

plants were inoculated. In one preliminary run against Sclerotinia

sclerotioggg_(Lib.)de. on bean the antidbiotic meterials were applied to
the s0il as drenches,

The initial phytotoxicity tests were made over a wide range of test
plants (Table I) to determine as quickly as possible the host reaetions
to antibilotic sprays. A concentration of 200 ppm was used as a starting
roint since it approached the highest concentraion at which control work
is generally feasible from a cost standpoint. The monocotyledonous
plants as a group were seemingly more tolerant of antibiotic sprays than
were the dicotyledonous plants. In no case was any damege noticed on
the graminacecus plants under test,

Several types of injury were found on the dicotyledonans plants
depending on the plant and the antibiotic used. Thioclutin produced a
downward bending of the petioles and brenzing of the leaves of tomate
plants but on bean it cuassed only a slight mottling. Funglstatin XG
caused a downward bending of tomato leaf petiolesg, leaf crinkle on
cabbege, =light leaf puckering on beans, and chlorotic spots on cucumber
leaves (Plate VI), Disphine gave a toxic reaction on all dicotyledonous
plants tested (Table I, Flate VI), In most cases this consisted of chlerotic
spote or chlorotic leaf mergins on the leaves which were immature at the
time of application. On cabbage diaphine produced chlorotic rings which

were gimilar in appesrance to certain virus symptoms, In most cases,

however, the host plant grew out of the damage, and any new gowth that
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appeered was either free of injury or only slightly injured. Rimocidin
caused some slight puckering on bean and cucumber leaves, but the demege
was not severe, Sodium pyridinothione ceused 1ea§ puckering on bean and
marginel necrosis on cucumber leaves (Plate V1}, Actidione caused necrotic
spots on the leaves of most test plants, but such damage is known to
occur at higher concentrations of this material, Panogen which is a very
volatile organic mercury gave no pnytotoxic reactions on the plants which
were sprayed with it, In the only soil application made diaphine was
found to cause injury. Again this injury was associated with the leaf
which was immature at the t ime of the application of the material to the
soll,

Dilution tests were run using dlsphine at 200, 100, 50, and 25 ppm
(Tavie 11), Tobacco, cucumber, and beans exhibited chlorosis at all
dilutions tested although the chlorosgis became less pronounced at the
lower concentrations. Cabbage and tomate showed a marked reduction in
phytotoxicity at the lower concentrations although some chlorosis was
st1l1ll present.

The results of the spray tests against pathogens varies with host
and pathogen., None of the antibibtice tested to date have exhidited
high levels of antifungal activity in these in vivo tests., H. sativum,

Erysiphe graminis, A. solani, and C. phomoides were all poorly controlled

(Tables I11, V,VI, VII), In a number of cases slight to rather strong
stimiletion of infection was found to occur with the use of thiolutin
(Table IV), %he results for P. lingem are as yet inconclusive with good
control occurring in at least one run {Tadle IV). In the trials with

P, graminis tritici (Table VII) tiolutin, diaphine, and sodium pyridinothione

gave perfect control while rimocidin and nystatin allowed some lesioning,
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Tn the two trials in which panogen and actidlone were tried they were
better than eny of the other meteriesls. This indicates that the other

comprunds are not as antifungel as might be desirad for a spray compounds.
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Table I, Summary of the phytotoxicty tests of several antibiotic materials
applied to several different test plants as sprays in concentrations of
200 ppm. O no damage-—-5 severe damage,

Test ~ Spray Materiasls -
Plant Thiolutin Fungistgtin Diaphine Rimocidin Na Pyridinethiene
0ld tomate 1 1$ 2 o] 1

01d cabbage 0 14 0 0 )

014 tobacco 0 o 1l o o

Bean 1 1 b g 1 -1
Cucumber 0 14 24 -1 1

Corn o o o} o o

Wheat 0 0 0] o) 6]

Barley 0 o 0 0 0

Young tomate -1 -1 3 -1 1

Young Cabbage 0 0 3 1 0

Nystatin

Barley 0 0 0 0 0

Young tomate 0 o 3 0 o]

Wheat 0 0 o} 0 o}



Table II, Phytotoxicty tests using diaphine hydrechloride at four
concentrations,

Test plant Fumber of plants out of 8 showing chlorosis at$
200ppm. 100ppm. 50ppm. 25ppm.

Cabbage g 8 6 2
Tobacco g g 8 g
Tomato 8 5 5 L
Beans g g g g
Cucumber 8 g g 8
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Table III, Results of several antibiotic materials sprayed on plants for the control of
vlant pathogens,

Pathogen Disease ratings (0-no infection, 5 severe infection) for the six antibiotic
and Hoet materials tested,
Control Thiolutin Fungistatin Diaphine Rimocidin Na Pyridinethione

Erysiphe graminis

Powdery mildew on

barley, Trial #1
Trial #2

N\
=~

AT

N
=

(SN

Helminthosporium
sativum

Spot blotch on 1
Barley

Alternaria solani
Early blight on 2 2 1 1 3 1
tomato

¢6lletotrichum

phomoides 3 2 =2 o4 1 2
Anthracnose on

tomato
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Table IV, Results of several antibiotic materials applied to Cabbage
for the control of Phoma lingam {(blackleg)

Table A
Treatment Total number of lesions on
eisht plants,

1. Control 6

2. Thislutin 18**

3. Fungistatin 18**

4, Diaphine 3

5. Rimecidin 1

6. Fa. Pyridinethione 1

*L.S.D. at the ,05 level---5,01
.‘L.S.D. at the .01 13%1"6.72

Table B
Treatment Total number of lesions on
eight plants,

1. Control 630

2. Tholutin 118**
3. Diaphine DY
4, Nystatin g3ee
5. Rimicidin gots
6. Na Pyradinethione 3y
7. Panogen 5.
8., Actidione 1**

*1,.S.D. at the .05 level--=--67,50
*#7 8.D,at the .01 level---=86.20
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Table V.. Results of several antibiotic materials applied to tomato leaves
for the control of golletotrichum phomoides (anthracnose), C80A.

Preatment Total number of lesions on
eicht nlants,

1. Control
2. Thiolutin
3. Diaphine
4, Nystatin
5. Rimoeidin

6. Na Pyridinethione

H W &F U 0 R~

7. Panogen

8. Actidione 1

Table VI, Results of several antibiotic materials applied to temato leaves
for the contrel of Alternaria solani {(early blight)

Treatment Total number of lesions on
twelve plants,

1. Control 122
2. Thiolutin 131
3. Fangistatin g3
4, Diaphine 105
5. Rimoéidin 76

6. Na Pyridinethione 171



Tables VII, Results of several antibiotic materiamls avpplied to wheat

38

leaves for the control of Puccinia graminis tritici (wheat stem rust).

Treatment Average number of lesions per plant
-~ per treatment
1. Control 5.9
2, Thielutin 0
3. Nystatin .3
4, Diaphine o]
5. Rimocidin ou
6. Na pyridinethione - O
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Discusglon and conclusions of the in vitrs gsection.

Preliminary screenings were conducted on compounds reported to have
anti-fungal prorerties.. Seven anti-fungal comnounds were Lasteqd araingt

two strains of the tomato fruit anthracnose organism, Colletotrichum

phomoides and the leaf spot and root rot organism of wheat, Hslminthosporium

sativum. Of these, three compounds were found to possess fairly good
inhibitory properties. The minimal inhibitory concentration for thiolutin
was 15~30 ppm, for rimocidin, less than 10 ppm, ~and for pyridinefhionc.
0.1-1.0 ppm, When tested in both agar and liquid media, the concentration

of nystatin recuired for the inhibition of C. phomoides C80A was found to

be Y00 ppm on agar and YO ppm in liquid. This data seems to indicate that
the antibiotic may be tied up with the agar in such a way that its activity
rate is reduced.

Thermostability tests showed the two most promising compounds, pyridinethione
and rimocidin, are inactivated in the medium when subjected to high temperatures
such as autoclaving., This of course has some depreciation on the value
that can be placed on the compounds, So far as solubility is concerned
for the active comvounds, pyridinethione alone is readily soluble in water.

This feature is particularly desirable when undertaking physiological studies.
Although rimocidin is not as soluble as pyridinethione, stock concentrations
of 1 mg/ml can be prepared bv adjusting the pH of the suspension so that
almost all of the material will go into solution. As mentioned in the liter-
ature review, no published information is available on pyridinethione and
very little concerning rimocidin.

The results on the "shelf life® studies again point towards pyridin-
ethione ng the compound of choice. By way of comparison, pyridinethione
showed complete stability with no potency loss when maintained at temper~tures

of 5°C.,, room temperature and at 30%C. in aqueous solution as well as when



40

combined with the standard nutrient medium for » period of 15 days.
{

Rimocidin on the other hand, retained its full petency only when maintained
at 5°cC,

It was deemed advisable 2t this time to carry on the preliminary
work regarding the ways in which environmental modifications mey affect
the activity of an anti-fungal agent towards a fungus. On the basis of the
previous Rackham report, the carbohydrate stvdies were continued using
the following sugars: D-xylose, D-glucose, sucrose and alpha-lactose.
The anti-fungal materials to be used in conjunction with these sugars selected
frem the initial screening program, were pyridinethione and rimocidin.

It is conceivable that an organism might be rendered more susceptible
te an inhibitory compound if its growth (hence its metabolic rate) can
be accelerated. In erder to investigate this possibility, the organisms
involved were grown simultaneously in shake and stationary cultures,
using C. phomoides CB8CA and 101 , as well as on Helminthosporium gativum 925
te determine the optimum incubation perisd prier to the physioclogical studies,
Shake cultures grown in the standard glucese-asparagine media for 4 days at
28 te 38°C, was considered to be the optimum incubation period for harvesting.
If allowed to continue longer, autolysis sets in (see Table VI), 1In
stationary cultures, the growth curves for the above listed organisms continued
to increase over 2 longer perioed of time, but the rates are much slower than
those of the shalke cultures, The harxest time for the stationary cultures
in the phvsioclogical studies was taken as nine days although the organisms
involved had not sttmined their maxiumu growth. The nine day incubation
period was chosen from the expediency viewpoint. The mycelial dry weights
from the stationary cultures agree quite well with the results ebtained
by Lilly ~nd Barnett (34) in their work on the utilization of sugars by

fungi in which the same standard medium with glucese as the carbohydrnte

source was used. Colletotrichum phomoides has a dry weight of 176-177 wng
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at the end of 9 dayvs as compared to Lilly's results of 155 mg for 5 davs

and 225 mg for 12 days. For Helminthosporium sativum the drvy welzht at the

end of 9 days was found to be 204 mg ag compared to Lily'es results of 217 mg
for 12 days.

While it would have been advisable to conduct the physiolozical studies
with 2 organisms, it was felt that a greater range of variations could be
accomplished if only one organism was chosen, hence the studies were made by

arbitrarily cheosing the fungus Colletotrichum vhomeides C80A as the test

erganism,

It was found that the werking range for pyridinethione, 1.0 - 10.0 ppm,
was too high. Inhibition occurred at 1.0 ppm for 2ll the sugars tested with
the exception of D-xylose under shake conditions, in which case inhibitien
was between 1 and 3 ppm. It is suggested therefore, that the working range
for pyridinethicne be modified to 0.0 - 1.0 ppm,

The data concerning the rimocidin studies contain some interesting
features for discussion. The orgenism srows best on D-glucose or sucrose
and rather poorly on D-xvlose or alpha-lactose. The vnlidity of true
correlations may be questioned hbecause of the difference in incubation time
and temperature. The glucose and sucrose phase was conducted at the same
time and the preset conditions for the experiment were followed. In the
case of the mylose and the lactose run, also conducted siﬁultaneously, the
temperature in the incubating room caused some difficulty. Instead of
maintaining 2 28 to 30°C. range, it rose to 3300. This was high enough to
somewhat retard the growth of the organism and hence required a longer
incubation period. The harvest time in this last instance was based upon
the zlucose control which was run at the same time. When the latter showed
2 growth cempszrable to that of previous runs, all the flasks were harvested,

For the shake cunltures, this was 6 days whereas for the stationary cultures,

it took 11 days..
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Talking the nbove into consideration, some trends can be evaluate?d,
The activitv rate for the rimocidin is ouite rapid when combined with
glucose or sucrose while an attenuntion is evidenced when combined with
xylose or lactose. This can be readily rscertained Sv the corresnondine
slopes devnictineg nctivity rate =s presented in “raphs I and II. The
difference hetween shnlke and stationarv cultures does not a2vpesr to markedly
influence the organism's snscebtibilitv to the rimocidin., The fact thnt the
controls gsrew much hetter when evwltured with glucose or snerose than when
cnltured with xylose or lactose indic~tes a high metnbolic rate for the
former susars. This seems to &orrelate well with fun=-nl toxicity. Tighly
active tissue such as meristematic growing points on plants are usually
more susceptible to phytotoxicity effects when sprayed with these test

compounds, This is discussed in the sectien on in vivo studies, Thus the

analogy seems to hold for C. phomeides CBOA. Conversely, when this fungus

shows a low or moderate metabelic rate such as when grown in xylese or
lactose, correzpondingly, the susceptibility to tha compound is not as

marked and required a greater concentration for inhibition, This last

point is particularly indicated in the case with xylose. The orgenism apparently
can utilize this sugar oaly slewly =t “irst, vperhaps Teguiring =2n ad~ptive
enzyme system. Adsptation is gradual but after a lag peried of about € days,
estimated on the basis of xyleose coatrols, this sugar can ultim~tely de
utilized re well as zlucose or sucrose, Our results witl the xylose controls
agree with those of Lilly and Barnett (34). They foundrthe dry mvcelial
welsht of €, phemoides in stationary culture to de 30 10y in 5 days and 210 mg
a2t the end »f 12 days whereas our wgight in shake culture was 85 mg in

6 days and 172 mg at the end of 11 days in stationnry culture. A slight

stimolatory effect was also noticed when €. vhomoides was grown in xylese

together with rimecidin at 1 to 3 ppm. This may not be considered too

unusual for small amounts of antibiotics have been lnown to have a stimulatory



43
effect on organisms.
Granh I1T shows a2 disvarity between replicate flasks containine those
concentrations of rimocidin having retarding effects on the erganism.
However, replicate flasks asree when either no antibiotic is present or is present
in those amounts which have no neticeable effect on the fungus. The data
and the curve seem to indicate that when the anti-fungal substance is present
at those cencentrations thal start to affect the erganism adversely, one
flaek will not agree with another in the same series, For the purpese of
this report, this range is called the "critical range". Biological variations
from flask to flask might account for this disparity in this critical range,
In the case of glucose, however, mycelial weights of replicate flasks containing
6 ppm of rimocidin are not teo far apart and are still closer together when
at 10 ppm. At these two concentrations, the fungus is retarded almest to the
roint of tetal inhibitien, That the disparity curve for xylose does not seem
to come together as does the curve for glucose indicates that the critical
range with this susar has not been surpassed and higher concentrations of
rimocidin approaching the inhibition range are needed to show the jJoining
tendency of the curve,
When flasks containing glucose and rimocidin at a concentration of

10 ppm 2re inoculzated with & spore suspension of C. phomoides C80A, a

fungistatic effect is observed for a period of 15 days after which time

erowth is apparent. If sucrose is substituted, all other conditions being
equal, the fungistatic effect is prolonged considerably, in this case for a
period of 38 days, with no visible growth at the time the expveriment was
terminated, A possible explanation for this might be attributed to the
reducing property of glucose which slowly breaks down the antibiotic rimocidin
over a period of time. After its potency is so altered, the spores that were

held in check are allowed to germinate. Sucrose on the other hand, apparently

does not contribute to the rimocidin breakdown.
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The disparity occurring between replicate flasks when concentrations
ﬁfgfimocidin show a retarding effect needs further investigation to
.ﬁgﬁerminé, if poﬁéible, the cause of this spread in the curves before

iiﬁhﬁbition occurs. This may also be found to be the case for other organisms

when glucose and xylose are used as a carbon source and rimocidin as the
‘antifungal substance,

~Continued in vitro studies of the test compounds and any new ones in

@Qﬁnection with effects on metabolism of the pathogens will give a better
@&ctﬁfe of what takes place. This includes all of the various combinations
éhﬁivariations in the nitrogen sources, growth factors such as vitamins,
pﬁrféﬁudies, and determination of whether the compounds are fungicidal or
%ﬁngistatic.

It is proposed that arrapgements could be made with the Abbott
Bﬁboratqries for a tagged compound with radio isotops so that it will be
possible to trace the fate of the compound in the organism, if it is absorbed.

, A

It would also be possible to trace what takes place when this material is

put on the surface or in the internal parts of a plant.
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Discussion and conclusions of the in vive section.

Because of the relatively short time that these experiments have been
carried out, emphasis can not be made on these conclusions. However,
there are certain interesting phenomena which have been observed snd recorded.

There was a general tendency for the test plants to grow out of the
injury caused by the applications of these antibiotic materials., The new
growth on the plants which had exhibited injury was frequently less damaged
than the growth that had been immature at the time of antibiotic application.
The amount of injury on the new growth in the case of diaphine was pro-
porticnal to the concentrations of the material in the spray. This
phytotoxic effect of dlaphine was translocated through the bean stem
to the leaves that were immeture at the time of application when the
material wss applied to the seil as = drench, However, the leaves which
developed after this initial injury were nearly frese of injury. These
observations seem to indicate that the action of this antibiotic was
against some part of the maturation process and that the mature cells
were mch more resistant to this type of injury. This idea is further
developed when it is learned that bean plants which were at the primary
leaf stage had to be sprayed with heavy application of dilanrhine at 200
ppm to cause necrosis of these meature leaves, These results would
seem to indicate that the activity of this material decreases in con-
tact with living tissue and that it is not translocated to the meristematic
tissues in any large amounts. The rather interesting chlorotic rings
which were found on cabbage need further investigation as to their
association with the types of injury caused by diaphine,

The rather inconsistent results in the spray trials may be caused by

seversl factors, The temperstures of the greenhouse could be controlled
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only at night. No daytime controls existed. This resulted in temperasture

changes on sunny daye of from 25°F, to 30°F.,. On cloudy daye the temperature

stayed within 8°F. of the night temperature. This temperature effect be-

ceme more important after the in vitro tests showed rimocidin to be very
unstable at high room temperatures. Another important factor affecting
the results of the control trials is run~off, Run~off is the amount of
active meaterial which either runs off at the time of applicstion or i=s
washed off by the subsiquent mist avplications. Care in applying the
materials was used to avold as much run-off as possidle, If the mist
particles in the humidity chamber are not fine encugh, then the amount of
run—éff is greatly increassed. Also the more soluble the compounds;the
poorer the sticking qualitiess;and therefore, the greater the run-off,

The type of lesion produced on the leaves of the host were also
important in the final analysis of the results. C. phomoides will attack
the leaves of tomato, but the lesions are smell and difficult te read,
Therefore, in future test programs and studles anthracnose of bean may be
substituted, Probadbly the most significant factor wss the low in vivo
fungicidal or fungistatic activity of these materials. Although some of
these materials exhibited high sctivity in vitre, such activity may not be
exhibitied in association ¥ith living piants (9). *his is the primary
reason for in vivo testing programs.

The trials against the stem rust organism were the only ones that
gave total centrel in some cases, However, lesions appeared on some of the
sprayed plants. These lesions may represent areas that eecaped coverage,
Fowever, it would be interesting to reiseclate from such lesions te determine
if any of them contained fungi which were more resistant te the materisls

under test., Such iselates have been collected in the case of rust en corn.
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SUMMARY

Summary of in wvit~n section

o - e

. ey s . ‘ qs v .
1. The antibiotics, MLES575, rimncidin. thiolutin, disni:ine, cendicidin

an? sodium nyridinethione were tecte: H tre nae sT avar end licuid medis with

varied concentrations as a reliminarv in vitro test against strains of

in

Colletotrichun nhomoides and Helminthosnorium sativwm, A1l teat organicns

were inhihited at less than 10 »nm by sodium vyridinethione. The other
antifungsal substances were less effective,

2. DYystatin inhibited C. phomoides C80A ~t 100 pom on agar and 10 »on

in liauid, his data seens to indicate that the antibiotic may be tied
ur with tﬁe agar,

3. In the thermostability tests all the commounds showed a definite
loss of wmotency after autoclaving. However, sodium pyridinethione was the
only compound that showed no notency loss in an aqueous solution in various
temperature ranges through.30°0. which is a desirable characteristic. This.
cormound was the only one of those tested that is readily soluble in water.

\
L4, The growth vattern of C. phomoides C80A, C. phomoides 10I, and

Helminthosporium sativum 925 was determined for both stationary and shalce

cultures. The maximum growth for shale cultures was 4 days bBefore autolysis

occurred and 9 days for stationary cultures.

5. C. phomoides C80A was found to grow best on D-~glucose or sucrose

and rather poorly on D-xylose or alpha-lactose.

6. In hoth shske an® <tationary cultures the antibiotic activity rate

against C. phomoides C80A for rimocidin was markedly increased when using

D-glucose or sucroce in commarison to D-xylose or alvha-lactose.
7. The rate nf growth of the test organism does not decrease as

rapidly in the stationary cultures as it does in the shake,cultures as the

amount of rimocidin is increased.

8. A stimulatorv effect occurred in stationary culture when rimocidin

is present up to 3 ppm.



L8

9.

There waa a marked disparity for xvlose and glucose when rimocidin

apnroached the critical range of retardation of (. phomcides C80A for

different replicates. As the concentration of the antibiotic increased,

the rate of growth for the replicates became about egqual near the point of

commlete inhihition.

10. The fungistatic activity of rimocidin was maintained for 15 days

when spores of C. phomoides C80A were put in a glucose medium with 10 ppm
of the antibiotic. If sucrose is substituted under the same conditions, the

fungistatic effect was prolonged for at least 38 days.



Summary of the in vivo section

Eight antifungal materiéls obtained from various sources were
tested on eight plants to determine their phytotoxicity. Certain of
these materials tested were antibiotics in the strict sense of the word,
but others were synthetic organic compounds. One of these materials,
panogen, was an organic mercury. Of all the materials tested, diaphine
exhibited the most consistent phytotoxic reaction at dilutions as low
as 25ppm. Some of these reactions appeared similar to the chlorotic
Ting spot reactions found assoclated with certain wviruses in plants.
Phytotoxic reactions were associated with the parts of the plant which
wvere immature at the time of applications. The gramineous plants tested
exhibited no phytotoxicity when sprayed with antibiotics at 200 ppm.

The materlals tested except for actidione and panogen, which were
introduced as checks in the later experiments, were not of high general
antifungal activity. The in vivo level of activity was lower than that
found in some of the 1n vitro tests. Some of the compounds reduced the
number of lesions, but did not totally prevent infection. The pathogen
should de reisolated from such lesions and its pathogenicity studied
for possible antibiotic resistance. Good controls with certain materials
were found in blackleg of cabbage and stem rust of wheat. No signifi-
cant amount of control was found for early blight of tomato, spot blotch
of barley, anthracnose of tomato, and powdery mildew of barley. Fluct-
uating greenhouse temperatures and run-off of the spray materials were
factors affecting the resultis.

These findings represent a statement of progress and are subject

to results of further investigations.
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APPENDIX

(PLATES)



Platel

A. Concentration Series of Rimocidin in p.p.n.,
against Colletotrichum phomoides C804A, Incubated
for 6 Days at Room Temperature.

Upper left: Control on liguid.

Upper right: Control on agar,

Lower, from left to right:
liquid 10 p.p.m.

agar 50 p.p.me

B. Concentration Series of Nystatin in PePeMo,

against Colletotrichum phomoides 101, Incubated

for 6 Days at Room Temperature.
Upper: On agar media .

Lower: In liquid media .






Plate II

A Concentration Series of Thiolutin in p.p.m.,

ageinst Colletotrichum phomoides CROA, Incubated

for 6 Deys at Room Temperature.
Upper: on agar media.

Lowert! on liquid media.

B. Concentration Series of Compound M4575 &n p.p.m.,
in Liquid Medis, Incubated for 7 Days at Room

Temmersture.

Upper: Colletotrichum phomoides C80A.

Lower: Helminthosporium sativum 9285,







Plate III

View of Kershaw Rotary Shaker, This machine
is standardly used in this project for the

physiolegical studies invelving liguid shake

cultures,






Plate IV

A, Concentration Serises of Diaphine agalnst

Helminthosporium sativam 225,

Upper: diaphine sterilized via Seltz
filtration.
Lower: diephine sterilized by auto~

claving directly with the

medla.

B. Concentration Series of Diaphine against

Colletotrichum phomoides 101,

Upper: diaphine sterilized vis
Seitz filtration.
Lower! diaphine sterilized by auto-

claving with the media.



CONTROL
CONTROL



Plate V

A, Stationary Cultures of Colletotrichum phomoides
C80A, General appearance when grown on differ—

ent sugars, without antidiotic.

B. Concentration Series of Pyridinethione incorp—
orated with D»xylose, Stationary cultures of

Colletotrichum phomoides C80A,




GLUCOS £
STATIONARY



Plate VI

A, Phytotoxicity caused by Diaphine at 200 p.p.D.,
on Cucumber,
Right¢ treated plant, showing chlorosis,

left: nuntreated check,

B. Phytotoxicity cezused by Diaphine and Pyridinethione
at 200 p.yr.m., on Bean,
Right: diaphine treated plasnt showing
chlorosis.,
Middle?! pyridinethione treated plant
showing puckering.

Left: untreated check,






Plate VII

A, Spray Trisls for Control of Phoma lingam on

Cabbage.
Rightt: nuntreated check.
Left: treated vith thiolutin at

200 p.p.m.

B. Spray Trials for Control of Phoma lingam on

Cabbage.
Right? untreated check,
Left: treated with dieaphine at

200 p.p.m,






Pilate VIII

A. Spray Trials for Control of Phoma lingam on
Cabbacge.
Right:! wuntreated check.
Lefts treated with pyridinethione

at 2C0 p.p.m.

B. Spray Trials for Control of Phoma lingam on
Cabbage.
Right: nuntreated check.
Left:® treated with p=nogen at

200 p.p.m,






Plate IX

A, Spray Trials for Control of Phoma lingem on

Cabbage,
Right: wuntreated check.
Leftt treated with nystatin at

200 p.p.m,

B. Spray Trials for Control of Phoma lingam on

Cabbage.
Right: wuntreated check.
Left: treated with actidione

2t 200 p.p.n,






